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LETTERS  OF  TRANSMITTAL. 


Washinoton,  D.  C,  May  31, 1917. 

Sir:  Pursuant  to  the  recommendation  of  the  executive  committee  of  the  Second 
Ftm  American  Scientific  GongreBs,  which  was  held  in  Washington  December  27, 1915- 
January  8,  1916,  and  by  the  cooperation  of  the  United  States  Congress  (urgent  defi- 
ciency bill,  Sept.  8,  1916),  the  papers  and  discussions  of  that  great  international 
scientific  gathering  have  been  compiled  and  edited  for  publication  under  the  able 
direction  of  the  Assistant  Secretary  General,  Dr.  Glen  Levin  Swiggett.  In  this 
volume  is  contained  the  report  of  Section  II,  of  which  Dr.  R.  S.  Woodward,  of  the 
executive  committee,  was  chairman. 

In  my  formal  report,  which  has  already  been  submitted,  I  enlaiged  upon  the 
importance  of  the  Second  Pan  American  Scientific  Congress,  its  laige  attendance,  and 
the  high  quality  of  its  papers  and  discussions.  I  will,  therefore,  in  this  letter,  which, 
in  slightly  varied  form,  introduces  each  volume,  make  only  a  few  general  references. 

All  of  the  21  Republics  of  the  Western  Hemisphere  were  represented  by  ofiScial 
del^ates  at  the  Congress.  Unofficial  delegates,  moreover,  from  the  leading  scientific 
associations  and  educational  institutions  of  these  Republics  presented  papers  and 
took  part  in  its  deliberations,  'fhe  papers  and  discussions  may  be  considered,  there- 
fore, as  an  expression  of  comprehensive  Pan  American  scientific  effort  and  possess, 
in  consequence,  inestimable  value. 

The  Congress  was  divided  into  nine  main  sections,  which,  with  their  chairmen, 
were  as  follows: 

I.  Anthbopolooy.    W.  H.  Holmes. 

II.  AsTRONOMT,  Mbtboroloot,  AND  SsisMOLOOT.    Robert  S.  Woodward. 

III.  Conservation  of  Natxtral  Resources,  Agriculture,  Irrigation,  and  Forestry. 

George  M.  Rommel. 

IV.  Education.    P.  P.  Claxton. 
V.  Enginbbrino.    W.  H.  Bixby. 

VI.  International  Law,  Public  Law,  and  Jurisprudence.    James  Brown  Scott. 
VU.  Mining,  Metallurgy,  Economic  Geology,  and  Applied  Chemistry.    Hen- 

nen  Jennings. 
VIII.  PuBuc  Health  and  Medical  SaENCs.    William  C.  Goigas. 

IX.  Transportation,  Commerce,  Finance,  and  Taxation.    L.  S.  Rowe. 

These  sections,  in  turn,  were  further  subdivided  into  45  subsections. 

Over  200  delegates  were  in  attendance  from  the  Latin  American  Republics,  while 
over  a  thousand  from  the  United  States  participated  in  its  meetings.  The  discussions 
and  proceedings  of  the  Congress  attracted  world-wide  attention,  and  it  was  undoubt- 
edly the  greatest  international  scientific  meeting  that  has  assembled  anywhere  in  the 
history  of  the  Western  Hemisphere  and  possibly  of  the  world.  It  was,  therefore,  a 
fitting  successor  to  the  first  Pan  American  Scientific  Congress,  which  assembled  in 
Santiago,  the  capital  of  Chile,  in  1908,  and  to  its  predecessors,  confined  to  Latin 
American  representation,  which  in  former  years  met,  respectively,  in  Rio  de  Janeiro, 
Montevideo,  and  Buenos  Aires.  Its  success  was  a  logical  result  of  these  preceding 
gatherings  in  Latin  America  and  of  the  hearty  cooperation  of  the  Latin  American 
Governments  and  scientists. 

To  those  who  may  have  their  attention  brought  only  to  the  individual  volumes 
covering  the  papers  and  discussions  and  who  wish  to  know  more  of  the  proceedings  of 
the  Congress  and  the  results  accomplished  by  it,  it  is  recommended  that  they  should 
eM86-i7  vn 
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also  read  ''The  Final  Act— An  Interpretative  Commentary  Thereon/'  prepared  linder 
the  direction  of  Dr.  James  Brown  Scott,  reporter  general  of  the  GongresB,  and  the  report 
of  the  secretary  general,  prepared  by  tiie  latter  and  the  assistant  secretary  general. 
Dr.  Glen  Levin  Swiggett.  In  these  will  be  found  not  only  the  final  act  and  the 
illuminating  comment  thereon  but  lists  of  delegates,  participating  Governments, 
societies,  educational  institutions,  and  other  organizations,  together  with  a  careful 
story  and  history  of  the  Congress.  They  can  be  obtained  by  addressing  the  Director 
General  of  the  Pan  American  Union,  Washington,  D.  C. 

In  conclusion,  I  want  to  briefly  repeat,  as  secretary  general  of  the  Congress,  my 
appreciation,  already  expressed  in  my  formal  report,  of  the  hearty  cooperation  in 
making  the  Congress  a  success  given  by  everyone  concerned  from  the  President  of 
the  United  States,  yourself  as  Secretary  of  State,  and  the  del^ates  of  Latin  America 
and  the  United  States,  down  to  the  office  employees.  The  great  interest  manifested 
by  the  permanent  executive  committee,  headed  by  Mr.  William  Phillips,  then  Third 
Assistant  Secretary  of  State,  the  Carnegie  Endowment  for  International  Peace  through 
its  secretary,  Dr.  James  Brown  Scott,  and  the  executive  aid  of  Dr.  Glen  Levin  Swig- 
gett, as  assistant  secretary  general,  were  vitally  instrumental  in  making  the  gathering 
memorable.  The  Fan  American  Union,  the  official  international  organization  of  all 
the  American  Republics,  and  whose  governing  board  is  made  up  of  the  Latin  American 
diplomats  in  Washington  and  the  Secretary  of  State  of  the  United  States,  lent  the 
favorable  influence  of  that  powerful  organization  to  the  success  of  the  Congress  and 
authorized  me  as  the  director  general  of  the  Union  to  also  take  up  the  duties  of  secretary 
general  of  the  Congress. 
Yours,  very  truly, 

(Signed)  John  Barrett, 


The  Honorable  The  Sscrbtart  of  State, 

WashingUm,  D.  C. 


Secretary  General. 


Washinoton,  D.  C,  S^  de  mnio  de  1917, 

EzMO.  Snr.:  Em  cumprimento  de  uma  reconmiendagdo  emanada  da  Commissila 
Executiva  do  Segundo  Congresso  Scientifico  Pan  Americano,  que  teve  lugar  em 
Washington,  de  27  de  dezembro  de  1915  a  8  de  Janeiro  de  1916,  e,  devido  ao  auxilio  do 
Congresso  dos  Estados  Unidos  (Lei  para  Orgamentos  extraordinarios  de  8  de  setembro, 
1916)  as  memorias  e  as  discussOes  dessa  assembl^a  scientifica  intemacional,  foram 
colligidas  e  preparadas  para  publicaySo  sob  a  proficiente  direc^So  do  Secretario  Geral 
Adjuncto,  Dr.  Glen  Levin  Swiggett.  Este  volimie  comprehende  o  relatorio  da  sec^So 
II  que  foi  presidida  pelo  Snr.  R;  S.  Woodward,  da  CommissSo  Executiva. 

No  meu  relatorio  official,  que  jd  tive  a  honra  de  apresentar,  me  detive  sobre  a  impor- 
tancia  do  S^undo  Congresso  Scientifico  Pan  Americano,  da  sua  grande  concorrencia 
e  da  alta  importancia  das  theses  e  das  discussdes.  Na  presente  nota,  portanto,  de  uma 
maneira  muito  ligeira,  destinada  a  apresentar  cada  um  dos  volumes,  eu  farei  apenas 
algumas  referencias  muito  geraes. 

Todas  as  Republicas  do  Hemispherio  Occidental,  vinte  e  imia  em  numero,  se 
achavam  representadas  por  delegados  officiaes  ao  Congresso.  Delegados  sem  nomea- 
9Sk)  dos  Govemos,  mas  representando  as  mais  notaveis  sociedades  scientificas  e 
instituigdee  de  ensino  dessas  republicas  apresentaram  theses  e  tomaram  parte  naa 
delibera^des.  As  memorias  e  discussDes  devem  ser  consideradas  portanto,  como  a 
express&o  de  um  justificavel  trabalho  scientifico  Pan  Americano  e  possue,  por  esse 
motive,  um  valor  sem  egual. 

O  Congresso  foi  dividido  em  nove  sec^Oes  principaes,  que  a  seguir  enum^ro,  com 
06  nomes  dos  sens  presidentes: 

I.  Anthropologia.    W.  H.  Holmes. 

II.  AsTEONOMiA,  Mbterbologia  b  Sismolooia.    Robert  S.  Woodward. 
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III.  CONSSBVApIO    DA    RlQUBZA    NAaONAL,    AGBICTTI/nmA,    IRBIQA9I0    B    SlLVI- 

cuLTUBA.    George  M.  Rommel. 

IV.  IN8TBUC9I0.    P.  P.  Claxton. 
V.  Enobnharia.    W.  H.  Bixby. 

VI.  DiREno    iNTXBNAaoNAL,    DiBBrro    PuBUCO    B    JiTBisPBUDBNCiA.    James 

Brown  Scott. 
VII.  M1NA8,  Mbtalluboia,  Gbolooia  Pbacthca  b  Ghdcica  Industrial.     Hennen 

Jenniiigs. 
VIII.  Saudb  Publica  b  Sciencias  Mbdicas.    William  0.  Gorgas. 

IX.  ViAs  DB  ComfUNicAglo,  CoMMEBCio,  Finan{;a8  b  Imfostos.    L.  S.  Howe. 

Estas  secedes,  por  seu  lado,  eram  subdivididafl  em  45  subsec^Oes. 

Ifaifl  de  200  delegadoe  das  Republicas  da  America  Latina  frequentaram  as  aesBGee 
emquanto  06  Estados  Unidoe  se  achavam  repreeentados  por  mais  de  mil  pessoas.  As 
diBcussdes  e  oe  relatorioe  do  Congreaso  attmhiram  a  atten9^  de  todo  o  mundo  e  foi 
Bem  duvida  a  maior  aaaemblea  scientifica  que  se  realizou  no  Hemispherio  Occidental 
e  talvez  em  todo  o  mundo.  Foi  sem  duvida  um  idoneo  continuador  do  Primeiro  Con- 
greaso Scientifico  Pan- Americano,  que  se  celebrou  em  Santiago,  capital  da  Republica 
Chilena  em  1908  e  das  anteriores  asaembleas  que  previamente  se  tinbam  realizado, 
apenas  com  delegados  da  America  Latina  e  que  se  reuniram  em  annos  anteriores  no 
Rio  de  Janeiro,  Montevideu  e  Buenos  Aires.  O  seu  successo  foi  um  resultado  logico 
das  reunides  previas  na  America  Latina  e  do  cordial  concurso  dos  Govemos  da  America 
latina  e  dos  sens  homens  de  sciencia. 

A  aquelles  que  nSo  quizerem  Umitar-se  a  consultar  os  volumes  que  cont^  as 
memorlas  e  as  discussOes  e  que  desejarem  conhecer  alguma  cousa  mais  dos  trabalhos 
do  Congreeao  e  dos  resultados  por  elle  alcan^ado  se  Ihes  reconunenda  a  leitura  da 
Acta  Final — a  exposiy^  geral  concemente  i  mesma— publicada  sob  a  direcy&o  do 
8r.  Dr.  James  Brown  Scott,  Relator  Geral  do  Congresso,  e  o  relatorio  do  Secretario 
Geral,  preparado  pelo  abaixo  asaignado  e  pelo  Secretario  Geral  Adjuncto  Sr.  Dr. 
Glen  Levin  Swiggett.  Nestes  trabalhos  encontrar-se-h&o  nfio  s6mente  a  acta  final 
mas  tambem  um  magnifico  commentario,  a  lista  dos  delegados  dos  Govemos  que 
adheriram,  sociedades,  instituiydes  de  ensino  e  outras  corpora95es,  seguidas  de  uma 
cuidadosa  hbtoria  do  Congreaso.  Estes  volumes  continuam  &  dispoei^ao  dos  que  os 
pedirem  ao  Director  Geral  da  UniSo  Pan-Americana,  Washington,  D.  C. 

Em  concluaao,  eu  deeejo  repetir,  em  duas  palavras,  como  Secretario  Geral  do  Con- 
greaso, o  meu  apreyo  e  reconhecimento,  que  jd  tive  occasi&o  de  exprimir  no  meu 
relatorio  official,  pela  cordial  cooperayfto  que  por  todos  me  foi  prestada  para  levar 
a  bom  exito  este  congresso,  deede  o  Preaidente  doe  Estados  Unidos,  V.  Exa.,  como 
Secretario  d'Estado,  os  Senhores  Delegados  da  America  Latina  e  dos  Estados  Unidoe 
at^  oa  dlversos  fimccionarios  do  Congresso.  0  grande  intereese  manifestado  pela 
CommlasSo  Permanente  Executiva  presidida  pelo  Sr.  William  Phillips,  ao  tempo 
terceiro  Sub-secretario  d'Estado,  pelo  Instituto  de  Carnegie  para  a  Paz  Intemacional 
na  peasoa  do  Sr.  Dr.  Jamee  Brown  Scott,  assim  como  a  collabora^^  prestada  pela  Sr.  Dr. 
Glen  Levin  Swiggett,  como  Secretario  Geral  Adjuncto,  constitvdram  obras  basilarea 
para  o  succeaao  deata  reimi^. 

A  Unifio  Pan-Americana,  institui9lU>  intemacional  austentada  por  todas  as  Repu- 
blicas Americanas  e  cujo  Conselho  de  Admini8tra9^  6  constituido  pelos  represen- 
tantes  diplomaticos  em  Washington  e  pelo  Secretario  d'Estado  dos  Estados  Unidos, 
contribuiu  com  a  sua  poderoaa  infiuenda  para  o  bom  exito  do  Congresso  e  me  aucto- 
rizou  a  servir  de  Secretario  Geral  do  Congreaao. 

Com  a  maior  considera^&o,  aubacrevo-me 

De  V.  Exa., 
Vor.  Mto.  Atto., 

John  Babbbtt, 

Secretario  Geral. 

Exmo.  Snr.  Sbcbbtario  db  Estado, 

Woihington,  D,  C. 
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Washington,  D.  C,  SI  de  mayo  de  1917 . 
Se^or: 

En  cumplimiento  de  una  recomendaci6n  emanada  de  la  Comi8i6n  Ejecntiva  del 
Segundo  Congreso  CienUfico  Panamericano  que  se  reuni6  en  Washington  deede  el 
27  de  diciembre  de  1915  hasta  el  8  de  enero  de  1916  y  gracias  a  la  cooperaci6n  al  efecto 
preetada  por  el  Congreso  de  los  Estadoe  Unidoe  mediante  bu  ley  eobre  rectificaci6n  del 
presupuesto  dictada  el  S  de  eetiembre  de  1916,  hdnse  recopUado  y  preparado  para 
se  publicaci6n,  bajo  la  hdbil  direcci6n  del  Sr.  Dr.  Glen  Levin  Swiggett,  Subsecretario 
General,  las  memorias  presentadas  a  dicho  Congreso  y  los  debates  a  que  dieron  lugar. 
El  presente  volumen  contiene  el  inlorme  relativo  a  la  Secci6n  II,  de  la  cual  Iu4 
pr^dente  el  Sr.  R.  S.  Woodward,  miembro  de  la  Comisi^n  Ejecutiva. 

En  el  informe  general  que  ya  tuve  el  honor  de  presentarle,  me  fu6  dable  considerar 
detenidamente  la  importancia  del  Segundo  Congreso  Cientffico  Panamericano,  la 
numerosa  concurrencia  que  al  minmo  asisti^  y  el  elevado  m^rito  de  las  memorias 
presentadas  y  de  los  debates  que  en  aquel  se  suseitaron.  Por  consiguiente,  he  de 
limitarme  en  la  presente,  destinada  a  servirle  de  mera  introduce i6n  a  cada  uno  de  los 
voldmenes,  a  algunas  consideraciones  de  cardcter  general. 

En  el  Congreso  estuvieron  representadas  por  medio  de  delegaciones  oficiales  las 
veinte  y  una  reptiblicas  del  Hemisferio  Occidental.  Tambi^n  asistieron  al  mismo, 
tomando  participaci6n  en  bus  debates  y  presentando  trabajos  personales,  del^^os 
particulares  de  los  principales  cuerpos  cientfficos  y  de  los  institutos  docentes  de  esas 
mismas  repdblicas.  En  tal  virtud,  las  memorias  y  los  debates  mencionados  deben  ser 
considerados  como  la  expre8i6n  de  un  amplio  esfuerzo  cientffico  panamericano, 
encerrando,  por  lo  tan  to,  un  valor  inestimable. 

El  Congreso  estuvo  dividido  en  nueve  secciones  principales  que  en  seguida  paso  a 
enumerar  junto  con  el  nombre  de  sus  presidentes.    Fueron  las  siguientes: 

I.  ANTROPOLOGfA.    W.  H.  Holmes. 

II.  AsTRONOMfA,  METEOROLOGiA  Y  SisHOGRAFfA.    Robert  S.  Woodward. 

III.  Con8ervaci6n  de  las  Fuentes  Naturales  de  Riqubza,  Agrigultttra, 
Irrigaci6n  y  Selvicultura.    George  M.  Rommel. 

IV.  Instrucci6n.    P.  P.  Claxton. 

V.  IngenierIa.    W.  H.  Bixby, 

VI.  Derecho  Intern acional,  Derecho  PtJblico  y  Jurisprudencia.  James 
Brown  Scott. 

VII.  MiNERfA,  Metalurgia,  GEOLOGfA  Econ6hica  y  QuiHiCA  Aplicada.  Hen- 
nen  Jennin^. 

VIII.  Salubridad  PtJBLicA  Y  CiENCiA  M^DicA.    William  C.  Gorgas. 

IX.  Trasporte,  Comercio,  Finanzas  e  Impubstos.    L.  S.  Rowe. 

Estas  secciones  estuvieron  dividas,  a  su  vez,  en  cuarenta  y  cinco  subsecciones. 

De  las  reptiblicas  latino-americanas  asistieron  m^  de  doscientos  del^ados;  en 
tanto  que  las  sesiones  del  Congreso  concunieron  m^  de  mil  personas  de  los  Estados 
Unidos.  Los  trabajos  y  debates  del  cuerpo  despertaron  universal  inter^,  pues  indu- 
dablemente  fu^  aquel  la  asamblea  cientffica  mis  grande  que  registra  la  historia  del 
Hemisferio  Occidental  y  probablemente  la  del  mundo.  1^1  fu6,  en  consecuencia,  digno 
continuador  del  Primer  Congreso  Cientffico  Panamericano  *que  en  1910  se  reuni6  en 
la  capital  de  Chile  y  de  los  que  previamente  y  con  una  asistencia  exclusivamente 
latino-americana  se  habfan  congregado  en  Rfo  de  Janeiro,  Montevideo  y  Buenos 
Aires.  Su  ^xito  fu^  consecuencia  16gica  de  las  asambleas  que  anteriormente  se  habfan 
reunido  en  la  America  latina  y  del  cordial  concurso  que  recibi6  de  los  gobiemos  y 
de  los  hombres  de  ciencia  de  esa  misma  parte  de  America. 

A  cuantos  no  quisieren  limitarse  a  consultar  los  voldmenes  que  contienen  las 
memorias  y  los  debates  y  desearen  conocer  algo  m^  de  las  labores  del  Congreso  y  de 
los  resultados  por  ^1  alcanzados,  se  les  recomienda  la  lectura  del  Acta  Final  y  de  la 
Expo6ici6n  General  concerniente  a  la  misma  que  escribi6  el  Dr.  James  Brown  Scott, 
Informante  General  del  Congreso,  asf  como  el  Informe  del  Secretario  General,  prepa- 
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rado  POT  el  suscrito  y  por  el  Dr.  Glen  Levin  Swiggett,  Subsecretario  General  del 
miflzno.  En  estoe  docnmentos  podrdn  hallar  no  86I0  el  Acta  Final  y  luminosas  oonsi- 
deraciones  acerca  de  la  misma,  aino  tambi^n  la  n6niina  de  los  del^ados  y  de  los 
gobiemoe,  sociedades  e  institutoB  docmites  que  tuvieron  representacidn  en  la  Asamblea, 
jnntamente  con  una  relaci6n  puntnalizada  de  las  labOTes  de  la  misma.  Los  que  deseen 
obtener  estos  voldmenes  pueden  solicitarloe  del  Director  General  de  la  Uni6n  Pan- 
amoricana  en  W^uhington,  D.  0. 

Gomo  Secretario  General  del  Congreso  deseo  bacer  constar  una  vez  m^,  antes  de 
concluir,  el  agradecimiento  que  en  mi  informe  general  expree6  pOT  el  cordial  concurso 
que  de  todos  redbf  para  asegurar  el  ^xito  del  Congreso,  desde  el  Presidente  de  los 
Estados  Unidos  y  usted  mismo  como  Secretario  de  Estado  y  desde  los  delegados  de 
la  Arnica  Latina  y  de  los  Estados  Unidos  basta  los  diversos  funcionarios  del  Congreso. 
El  gran  inter^  desplegado  por  la  Comisidn  Permanente  Ejecutiva,  que  pre8idi6  el 
St,  William  Phillips,  a  la  sazdn  Tercer  Subsecretario  de  Estado;  jwr  la  Fundaci6n 
Cam^e  para  la  Paz  Intemacional,  jtor  el  6rgano  de  su  Secretario,  Dr.  James  Brown 
Scott;  asi  como  la  colaboraci6n  del  Dr.  Glen  Levin  Swiggett,  Subsecretario  General, 
contribuyeron  poderosamente  a  bacer  memorable  la  asamblea.  La  Uni6n  Pan- 
americana,  in0tituci6n  intemacional  sostenida  por  todas  las  reptiblicas  de  America  y 
cuyo  Consejo  Directive  estd  formado  por  los  representantes  diplom^ticos  latino- 
ameiicanos  residentes  en  W&sbington  y  por  el  Secretario  de  Estado  de  los  Estados 
Unidos,  contribuy6  con  su  poderosa  influencia  al  ^xito  del  Congreso  y  me  autoriz6 
para  que  deeempenara  las  funciones  de  Secretario  General  de  aqu^l. 

Con  sentimientos  de  la  m^  alta  consideraci6n  me  subscribo 
De  usted  muy  atento  servidor, 

John  Barrett, 
Secretario  General. 

Al  Honorable  Secretario  de  Estado, 

WdshingUm,  D.  C. 


Washinoton,  D.  C,  Le  SI  mat  1917. 

Monsieur:  Conform^ment  ^  la  recommandation  du  Comit6  Ex^utif  du  Second 
Congr^  Scientifique  Panam^ricain  qui  a  eu  lieu  k  Washington  du  27  d^embre  1915 
au  8  Janvier  1916,  et  par  la  cooperation  du  Congr^  des  £tats-Unis  (loi  du  budget 
extraordinaire,  8  septembre  1916),  les  m^moires  et  discussions  de  cette  grande  reunion 
scientifique  intemationale  out  6X6  recueillis  et  ^it^s  pour  toe  public  sous  Thabile 
direction  du  docteur  Glen  Levin  Swiggett  sous-secretaire  general.  Ce  volume  con- 
tient  le  rapport  de  la  section  II,  dont  M.  R.  S.  Woodward  du  Comity  Ex^cutil  ^tait 
president. 

Dans  mon  rapport  officiel  qui  a  6t6  d6}h.  soumis,  je  me  suis  ^tondu  sur  Timportance 
du  Second  Congr^  Scientifique  Panam6ricain,  sur  le  grand  nombre  de  personnes  qui 
y  etaient  presentee  et  sur  Texcellence  de  ses  m^moires  et  de  ses  discussions.  C'est 
pourquoi,  dans  cette  lettre  qui,  apr^  avoir  subi  quelques  changements  sans  impor- 
tance sert  d^ntroduction  ^  chaque  volume,  je  n'en  parlerai  que  d*une  mani^re 
g^nerale. 

Toutee  lee  r^publiques  de  rHemisph^  Occidental  au  nombre  de  vingt-et-ime 
etaient  representees  au  Congr^.  De  plus,  des  deiegues  k  titre  ofl5cieux  envoyes 
par  les  associations  scientifiques  et  les  institutions  educatives  les  plus  en  vue  de  ces 
republiques  ont  soumis  des  memoires  et  out  pris  part  aux  deliberations.  On  pent 
done  conaiderer  les  memoires  et  les  discussions  comme  I'expression  d'un  grand  effort 
scientifique  panamericain,  poesedant  en  consequence  une  valeur  inestimable. 

Le  Congrte  etait  divise  en  neuf  sections  principales  que  nous  enumerons  ci-dessous, 
en  donnant  le  nom  de  leurs  presidents. 

I.  Antropolooib.    W.  H.  Holmes. 

II.  Astronomie,  MiT^OROLOOiE  ET  SiSMOLOGiE.    Robert  S.  Woodward. 
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III.  Conservation  des  Rbssourcbs  Natubxllbs,  Aoricui/turb,  Irrigation 
BT  FoRftxs.    George  M.  Rommel. 

IV.  Instruction  Pubuqub.    P.  P.  Claxton. 

V.  G6NIE  Civil.    W.  H.  Bixby. 

VI.  Droit  International,  Droit  Public  bt  Jurisprudence.  James  Bruwn 
Sci>tt. 

VII.  Mines,  M^talluroie,  G^olooib  Pbattqub,  bt  Chimib  AppuQuiB. 
Hennei!  Jennings. 

VII J.  SantA  Publique  ft  Science  Mi&dicale.    William  C.  Gorgas. 

IX.  Transport,  Commerce,  Finance  et  ImpGt.    L.  S.  Rowe. 

A  leur  t</ur  ce<»  sections  ^taient  bubdivi€>6?8  en  quarante-cinq  sous-sections. 

On  y  comptuit  phip  de  deu>  rente  d^l^^  des  r^publinues  latino^m^ricalnei»,  et 
plus  de  mille  d6I^^6«  des  J^tatH-Unis  ont  assiot^  au>  reunions.  I/Cs  discussions  et 
les  pr(»c^-verbaux  du  Congr^  ont  attir6  Tatrention  du  monde  entier,  et  il  a  ^t^  sans 
le  moindre  doute  la  plus  s^rande  a«»embl^  sciei^tifique  'ntomationalp  de  Thistoire 
de  rH^mi8ph6re  Occidental,  etpeut-^tre  m^me  du  monde  entier,  qui  se  soit  r^unie  jus- 
qu'ici.  Venant  aprt^  le  Premier  ^ong^^s  Scientifique  Panam^ricain  qui  e*est  r6uni  k 
Santiago,  capitale  du  Chili,  en  1908,  et  apr^  ceux  qui  ont  ou  lieu  pr^6demment,  respec- 
tivement  k  Rio  de  Janeiro,  k  Montevideo  et  k  Buenoe-Ayres,  ces  demiers  n'a3rant  que 
dea  reprtentants  de  I '  Am^rique  Latine,  il  8*e««t  montr^  leur  digne  succeseeur.  Sa  rdus- 
site  a  fA6  un  logique  r^sultat  de  ces  pr6o6dcnts  conoours  dans  I'Am^rique  Latine  et  de- 
ls sincere  et  cordiale  coop^tion  des  gouvemements  et  des  hommes  de  science  de 
TAm^rique  Latine. 

Pour  ceux  qui  n'ont  port^  leur  attention  que  sur  les  volumes  renfermant  les  m^moirea 
et  le?  discussions,  et  qui  d^reraient  connaitre  d'une  mani^ro  plus  approfondie  les 
actet)  et  proofs- verbaux  du  Congr^s,  ainsi  que  les  r^ultste  qui  p*en  sont  snivis,  je  leur 
courieillerai  de  lire  "L*acte  Final,  Commentaire  explicit tif,"  rMi<j6  sous  la  direction 
du  docfftur  James  Brown  Scott,  rapporteur  q;^n6ral  du  Congr^,  ct  le  rapport  du  Secre- 
taire G^n4r^l  r6dig6  par  ce  dernier  et  le  docteur  Glen  Levin  Swiggett.  En  les  lisant 
on  n*y  trt>uvera  pas  seulement  I'Acte  Final  ct  le  conmientaire  explicatif,  mais  encore 
lee  listes  des  d6ie<?u^,  des  gouvemements  qui  ont  particip4  an  Congr^,  des  soci^t^s, 
dea  inatitutiond  ^ducstives  et  autres,  en  mtoe  tempo  qu*un  compte  rendu  9oi?n6 
ainai  que  I'histoire  du  Congr^s.  On  pent  se  les  procurer  en  faisant  une  demande  par 
^crit  au  Dirooteur  G^n^ral  de  I'XTnion  Panam^ri' aine  k  Wa.*»hin^ton,  D.  C. 

En  terminant,  je  vais  en  quality  de  Secretaire  General  du  Congr^  exprimer  de 
nouveau  en  peu  de  mots  mes  remerctments,  ce  que  j'ai  d^j^  islt  dans  mon  rapport 
olTiciel  pour  la  part  que  chacun  a  eue  dans  la  r^ussite  du  Congr^s  depuis  le  Prdsident 
des  fitats-Unis,  vous  comme  Secretaire  d'etat,  les  dei^gu^s  de  TAm^rique  Latine  et 
ceux  des  £tats-Unis  jusqu'aux  employes  de  bureau.  Le  haut  inter^t  manileste  par 
le  Comite  Executif  permanent  preside  par  M.  William  Phillips,  qui  etait  alors  troisi^me 
Sous-Secretaire  d'Etat,  par  la  Fondation  Carnegie  pour  la  Paix  Internationale,  par 
Tentremise  de  son  secretaire  le  docteur  James  Brown  Scott,  et  Paide  pr§te  dans  I'exe- 
cution  par  le  docteur  Glen  Levin  Swiggett,  comme  sous-secretaire  general,  ont  puissam- 
ment  contribue  k  faire  de  ce  Congr^  un  evenement  memorable.  L'Union  Panameri- 
caine,  administration  ofEcielle  intemationale  de  toutes  les  republiques  americainesr 
et  dont  le  Comite  d' Administration  est  compose  des  diplomates  latino-americains  k 
Washington  et  du  Secretaire  d'J&tat  des  J^tats-Unis,  a  use  de  sa  favorable  influence  pour 
assurer  le  succds  du  Congrfes  et  m'a  autorise,  en  qualite  de  Directeur  General  de 
rUnion,  k  prendre  en  mains  les  responsabilites  de  Secretaire  General  du  Congr^s. 
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FOREWORD. 


The  sciences  of  astronomy,  geodesy,  meteorology,  and  seismology 
are  peculiarly  international.  They  are  of  profound  theoretical  and 
practical  interest  to  all  peoples  and  to  all  countries.  It  is  not  sur- 
prising, therefore,  that  the  section  of  the  Congress  devoted  to  these 
sciences  should  have  begun  its  work  promptly  and  continued  its 
sessions  with  little  interruption  to  the  end  of  the  period  of  time 
allotted. 

By  reason  of  the  wide  extent  of  the  fields  included  in  these  sciences 
the  section  found  it  advantageous  to  divide  itself  into  two  sub- 
sections, one  devoted  to  astronomy  and  geodesy  and  the  other  to 
meteorology  and  seismology.  The  initial  meeting  and  several  sub- 
sequent meetings  were  held  jointly,  however,  by  the  two  sections  for 
discussion  of  matters  of  conmion  interest. 

Unfortunately  for  the  Congress,  and  especially  for  the  representa- 
tives of  science  in  the  United  States,  the  period  during  which  the 
conferences  were  held  was  coincident  with  convocation  week,  during 
which  the  American  Association  for  the  Advancement  of  Science  and 
its  aflBliated  societies  had  arranged  to  meet  in  Colimibus,  Ohio.  The 
American  Association  for  the  Advancement  of  Science  closed  its 
sessions,  however,  earlier  than  usual  in  order  that  certain  of  its 
del^ates  could  come  to  Washington  and  participate  in  the  Congress 
before  the  end  of  the  week  devoted  to  it.  Thus  it  was  practicable  for 
Prof.  W.  W.  Campbell,  president  of  the  association,  to  deliver  a 
semipopular  address  on  the  evolution  of  the  stars  in  honor  of  the 


The  important  and  highly  gratifying  results  of  the  work  of  Section 
II  are  embodied  in  the  resolutions  idready  published  in  the  Acta  Final 
of  tbe  Congress.  These  resolutions  met  with  the  unanimous  approval 
of  the  section,  and  it  is  hoped  that  they  may  serve  as  first  steps  in  a 
progress  which  may  proceed  without  interruption  for  centuries  to 
come. 

The  chairman  is  glad  to  make  use  of  this  opportimity  to  express 
bis  obligations  to  all  members  of  the  section,  and  especially  to  Prof. 
C.  F.  Marvin,  of  the  United  States  Weather  Bureau,  who  served  as 
chairman  of  the  Subsection  of  Meteorology  and  Seismology,  for 
cordial  cooperation  and  assistance  rendered  in  the  varied  and  arduous 
work  of  this  section.  The  spirit  of  cooperation  which  prevailed  in  all 
of  this  work  was  in  every  way  worthy  of  the  altruistic  objects  of  the 
science  to  which  the  section  was  devoted. 

RoBEBT  S.  Woodward, 

Chairman, 
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AIMS  AND  PURPOSES. 

The  congress,  in  accordance  with  its  high  aims  and  purposes, 
namely,  to  increase  the  knowledge  of  things  American,  to  dissemi- 
nate and  to  make  the  culture  of  each  American  country  the  heritage 
of  all  American  Republics,  to  further  the  advancement  of  science 
by  disinterested  cooperation,  to  promote  industry,  inter- American 
trade  and  commerce,  and  to  device  the  ways  and  means  of  mutual 
helpfulness  in  these  and  in  other  respects  considered  the  following 
general  program  of  subjects,  divided  into  appropriate  sections  and 
subsections. 

SECTION  IL— ASTRONOMT,  MBTEOROLOGT,  AND  SEISMOLOGY. 
ASTRONOMY. 

Status  of  astronomical  work  at  the  principal  observatories  of 
South  America;  astronomical  work  at  Lick  Observatory  and  at 
Mount  Wilson  Solar  Observatory;  project  for  determining  the  flat- 
tening of  the  earth's  surface  by  simultaneous  observations  of  the 
moon  from  stations  in  North  and  South  America. 

GEODESY. 

Project  for  the  extension  of  an  international  net  of  primary  trian- 
gulation  covering  all  the  countries  from  Patagonia  to  Alaska,  includ- 
ing azimuth,  latitude,  longitude,  and  gravimetric  determination  over 
the  entire  continent;  detailed  figures  showing  the  costs  in  recent 
geodetic  experience  of  the  field  work  essential  to  the  preceding  proj- 
ect; present  status  of  magnetic  surveys  in  South  America  and  the 
need  especially  of  additional  observatories  there  for  determining  the 
secular  variations  of  the  magnetic  elements. 

•      METEOROLOGY. 

Meteorological  data  and  ways  and  means  of  recording  and  using 
them;  climatology  and  the  application  of  available  knowledge  to 
agriculture,  navigation,  and  conservation  of  crop  and  forest  re- 
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sources;  weather  forecasts  and  desirability  of  additional  interna- 
tional observations  on  which  world  weather  maps  may  be  based; 
secular  meteorology,  involving  climatic  changes,  migrations  of  popu- 
lations, alternations  of  arid  and  humid  conditions  over  the  same  area, 
etc. ;  atmospheric  electricity,  solar  radiation,  cyclonic  and  magnetic 
storms. 

SEISMOLOOT. 

Physical  bases  of  modem  seismology  and  methods  of  observing 
and  recording  data;  present  status  of  the  science  and  needs  for  fur- 
ther advances;  organization  and  development  of  seismological  serv- 
ices in  various  countries. 


RESOLUTIONS  AND  RECOMMENDATIONS. 

The  Second  Pan  American  Scientific  Congress  considered  and  dis- 
cussed the  subjects  set  forth  in  its  program  in  the  light  of  an  intel- 
lectual Pan  Americanism  in  a  series  of  meetings  from  December  27, 
1915,  to  January  8,  1916,  and  adopted  resolutions  and  recommenda- 
tions pertinent  to  the  work  of  the  nine  main  sections  of  the  congress. 

The  following  recommendations  refer  to  Section  II : 

Abticle  3. 

The  Second  Pan  American  Scientific  Congress  recommends  that 
the  American  Republics  undertake  as  soon  as  practicable. 

(a)  Accurate  geodetic  measurements  which  may  serve  to  deter- 
mine limits,  national  and  international,  and  to  contribute  to  the 
discovery  of  the  true  shape  of  our  planet. 

(b)  Magnetic  measurements  of  their  respective  areas  and  the 
establishment  of  several  permanent  magnetic  observatories  in  which 
it  may  be  possible  to  carry  on  during  long  periods  of  time  observa- 
tions concerning  the  secular  variation  of  the  magnetic  elements  of 
the  earth. 

(c)  To  extend  their  gravimetric  measures,  obtained  by  means  of 
the  pendulum,  to  those  regions  where  such  measurements  have  not 
been  undertaken,  in  order  to  obtain  more  information  to  determine 
the  true  shape  of  the  surface  and  the  distribution  of  the  terrestrial 
mass. 

Article  4. 

The  Second  Pan  American  Scientific  Congress  recommends  that 
the  nations  of  the  American  Continent  establish,  by  means  of  their 
ofiices  of  geodesy  or  by  committees  appointed  for  that  purpose,  an 
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international  trian^lation;  the  GTovernments  of  the  American  na- 
tions reach  an  agreement  for  the  purpose  of  creating  office  or  con- 
gress of  cartography  and  geography. 

ARnGLB6. 

The  Second  Pan  American  Scientific  Congress  confirms  the  reso- 
lution recommended  to  the  American  Republics  by  the  First  Pan 
American  Scientific  Congress  regarding  the  installation  of  meteoro- 
logical organizations  to  serve  as  a  basis  for  the  establishment  of  a 
Fan  American  meteorological  service,  and  expresses  the  desire  that 
the  Republics  not  yet  possessing  organized  meteorological  services 
establish  such  as  soon  as  may  be  practicable. 
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FIRST  SESSION  OF  SUBSECTION  A,  ASTRONOMY  AND 
GEODESY,  OF  SECTION  BL 

ASTRONOMY,  METEOROLOGY,  AND  SEISMOLOGY. 


Carneois  Institution, 
Tuesday  morning,  December  S8, 1915. 

Chairman,  Robebt  S.  Woodward. 

The  meeting  was  called  to  order  at  10.15  o'clock  by  the  chairman. 

The  Chairman.  Delegates  and  gentlemen  of  the  section  of  astron- 
omy, meteorology,  and  seismology,  yesterday  we  heard  much  con- 
cerning the  diplomatic  aspects  and  needs  of  the  congress.  To-day, 
in  the  several  sections,  we  take  up  the  work  which  belongs  more  fit- 
tingly to  the  scientific  part  of  the  congress. 

Before  proceeding  to  the  work  which  falls  to  this  section  I  would 
like  to  extend  to  the  delegates  and  members  of  the  congress  a  hearty 
welcome  on  behalf  of  the  Carnegie  Institution,  of  Washington,  of 
which  this  building  is  the  central  or  administrative  office.  We  have 
in  this  building  facilities  which  I  trust  will  meet  all  of  our  needs, 
and  I  would  like  to  have  you  feel  quite  at  home  here. 

Perhaps  I  should  explain  to  you  briefly  some  of  the  features  that 
it  may  be  worth  your  while  to  know  more  about  in  respect  to  the 
institution.  As  I  said,  this  is  our  administrative  office.  In  this 
building  we  have  quartered  one  or  two  divisions  devoted  to  admin- 
istration and  to  the  publication  of  the  proceedings  or  of  the  work  of 
the  institution. 

Just  now  we  are  installing  in  the  rooms  of  the  uppermost  floor 
the  exhibits  which  have  recently  been  on  view  at  the  Panama-Pacific 
Exposition.  To-morrow  we  shall  have  all  of  those  exhibits  in  order, 
so  that  when  you  have  leisure  to  wander  about  the  building,  as  I 
trust  you  may  have,  you  may  be  interested  to  see  what  those  exhibits 
are.  I  would  further  call  your  attention  particularly  to  our  publica- 
tions. The  institution  has  thus  far  published  something  like  300 
volumes  of  investigation  on  a  great  variety  of  subjects — something 
like  80  different  subjects.  You  will  also  be  able  to  see,  in  a  way, 
what  the  institution  has  done  in  these  various  departments  of  re- 
search, only  a  few  of  which  are  quartered  here  in  the  city  of  Wash- 
ington. 
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Let  me  now  call  your  attention,  before  proceeding  to  the  work  of 
our  program,  to  the  fact  that  our  section  has  a  special  local  com- 
mittee of  arrangements  the  members  of  which  have  helped  me  pro- 
vide our  colleagues  who  come  from  a  distance  with  adequate  oppor- 
tunities for  visiting  the  governmental  or  other  establishments  in  the 
city  of  Washington.  Perhaps  I  should  mention  some  of  the  estab- 
lishments which  we  would  imagine  you  will  be  especially  interested 
to  visit  First,  there  is  the  Coast  and  Geodetic  Survey,  an  estab- 
lishment which  is  now  over  100  years  old,  and  which  has  many 
features  of  interest,  especially  to  astronomers  and  geodesists.  Then, 
we  have  the  well-known  Weather  Bureau,  of  which  our  colleague. 
Prof.  Marvin,  is  chief.  In  the  western  part  of  the  city  is  the  Naval 
Observatory,  nearly  a  century  old.  The  Bureau  of  Standards  is 
located  about  2  miles  out  of  the  city,  and  is  well  worth  a  visit  on  your 
part.  Near  the  Bureau  of  Standards,  but  on  the  opposite  side  of 
Connecticut  Avenue  extended,  is  the  so-called  Geophysical  Labora- 
tory of  the  Carnegie  Institution  of  Washington.  In  this  laboratory 
an  effort  is  being  made  to  determine  how  rocks  and  minerals  are  laid 
down  in  the  earth's  crust,  and  as  astronomers,  geodesists,  and  miner- 
alogists you  will  be  interested  to  know  that  the  characteristic  feature 
of  this  laboratory  is  that  it  is  trjring  to  make  the  science  of  miner- 
alogy pass  from  the  qualitative  to  the  quantitative  stage,  perhaps 
the  most  striking  characteristic  in  the  development  of  all  sciences. 
Spinning  with  observation  and  experiment,  one  passes  onward  to 
the  stage  of  comparison,  of  numerical  calculation,  or  to  what  may  be 
called  the  statistical  stage,  and  thence  onward  to  the  higher  stage 
which  enables  us  to  anticipate  or  to  predict.  Farther  out  of  the  city 
in  the  same  direction  will  be  found  the  laboratory  of  our  Department 
of  Terrestrial  Magnetism.  The  department  having  charge  of  this 
laboratory  is  undertaking  a  world  survey  to  determine  the  charac- 
teristics of  the  magnetism  of  the  earth.  It  possesses  also  the  note- 
worthy nonmagnetic  ship  known  as  the  Carnegie. 

The  program  divides  the  work  of  this  section  into  two  subsec- 
tions— one  devoted  to  astronomy  and  geodesy  and  the  other  devoted 
to  meteorology  and  seismology. 

I  would  like  to  call  your  attention  especially  to  the  international 
aspect  of  the  work  coming  before  this  section.  Much  was  said  yester- 
day of  the  French  motto,  "  Libert^,  6galit6,  fraternity."  We  should 
insist  especially  upon  the  last — fraternity,  international  fraternity — 
and  I  think  as  progress  goes  on  in  the  future  it  must  come  mostly 
by  that  sort  of  international  fraternity  which  is  founded  on  the 
progress  of  science.  Science — perhaps  I  should  be  more  specific  and 
say  physical  science — is  almost  the  only  kind  of  learning  in  which 
we  have  worked  hitherto  wherein  we  may  eliminate  the  personal  , 
equation.     Of  course,  you  all  know  that  it  was  the  astronomers  who 
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first  called  attention  to  that  phenomenon  of  the  human  mind  whicli 
receives  the  name  of  ^  personal  equation.'^  It  has  been  the  astrono- 
mers, too,  who  have  shown  as  how  to  correct  the  observations  of  our 
predecessors  for  geocentric  parallax.  It  now  remains  for  the  astrono- 
mers and  the  devotees  of  physical  science  to  show  us  how  to  correct 
correspondingly  for  what  may  be  called  anthropocentric  parallax. 
When  we  get  so  that  we  can  correct  tor  anthropocentric  parallax, 
then  we  shall  be  able  to  make  progress  in  other  fields  of  learning, 
comparable  with  the  progress  which  has  been  made  in  physical 
science.  So  that  a  special  duty  devolves  upon  us  from  the  start  to 
make  the  fraternity  and  the  work  of  this  section  truly  international, 
for,  as  will  be  developed  in  the  course  of  the  work  of  this  section, 
there  are  several  questions  of  international  importance  which,  al- 
though we  may  not  be  able  to  live  long  enough  to  see  them  fully 
worked  out  or  to  see  the  results  of  the  investigations  required  by 
them  fuUy  realized,  we  should  have  no  hesitancy  in  passing  on  these 
international  questions  to  our  successors.  And  I  am  delighted  to 
find  that  in  the  papers  that  have  been  sent  to  us,  of  which  we  have  a 
considerable  number  on  the  table,  this  Gpirit  of  internationalism  is 
well  shown  and  highly  developed.  The  consummation  of  those  large 
questions  which  require  international  cooperation  is  one  of  the  best 
ways  in  which  we  can  cultivate  this  fraternity  to  which  I  have  re- 
ferred. Many  of  these  subjects  are  like  the  solar  phenomena  in 
astronomy.  They  will  require  a  very  long  time  for  consuinmati<m. 
One  of  the  projects  to  which  I  shall  wish  to  call  attention  presently 
wiU  require,  I  think,  50  or  100  years  for  its  consummation;  but  in 
our  sciences  we  have  mastered  the  meaning  of  the  term  element 
much  better  than  our  colleagues  in  some  of  the  other  objects  of 
human  intellectual  interest,  and  I  think  we  should  not  be  deterred  by 
the  fact  that  what  we  may  reconmiend  in  our  deliberations  can  be 
accomplished  only  after  you  and  I,  as  John  Tyndall  said  in  his  fa- 
mous address,  have  vanished  into  the  infinite  azure  of  the  past.  I 
would  therefore  suggest  that  one  of  the  first  things  we  diould  do 
would  be  to  appoint  a  committee  which  may  take  into  consideration 
appropriate  resolutions  recommending  projects  of  the  kind  I  have 
just  outlined  for  final  adoption  by  the  congress.  I  may  explain  to 
you  that  this  is  one  of  the  objects  to  which  the  executive  committee 
of  the  omgress  has  attached  tiie  greatest  importance. 

Mr.  Marvin.  Mr.  Chairman,  if  it  is  in  order  to  make  a  motion  to 
that  effect,  I  would  like  to  move  that  the  chair  app<unt  a  oonunittee, 
of  which  the  chairman  himself  should  be  a  member — a  committee  of 
five— to  draft  appropriate  resolutions  expressing  the  needs  of  the 
sciences  of  astronomy,  geodesy,  meteorology,  and  seismology  as  we 
i»e  them.  As  I  understand  it,  these  resolutions  will  be  submitted 
to  the  executive  conmiittee  of  the  congress  and  finally  voted  upon  by 
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them,  so  that  they  will  have  all  of  the  authority  of  the  Pan  American 
Scientific  Congress. 

The  Chairman.  Yes. 

Mr.  Mabvin.  I  make  that  motion. 

The  Chaerkan.  You  have  heard  the  motion.    Is  it  seconded? 

The  motion  was  seconded. 

The  Chairman.  Are  there  any  remarks  upon  it?  This  is  a  mat- 
ter of  such  a  degree  of  importance  that  I  hope  you  will  feel  free  to 
discuss  it.  I  think  it  has  very  important  bearing  on  the  future, 
not  only  of  our  relations  with  our  Latin  American  colleagues,  but 
on  the  future  of  science. 

Mr.  Bauer.  Mr.  Chairman,  astronomy  interpreted  in  the  broad 
sense  includes  also  terrestrial  magnetism,  does  it  not? 

The  Chairman.  Yes;  interpreted  in  the  sense  in  which  La  Place 
interpreted  it.    He  says  that  all  astronomy  rests  on  the  stability  of 
the  earth's  axis  and  the  constancy  of  the  direction  of  the  plumb, 
line  in  respect  to  that  axis;  so  that  astronomy  in  that  sense  is  most 
fundamental  of  the  sciences. 

Mr.  Bauer.  There  is  a  need  of  something  to  stimulate  magnetic 
and  electric  work  in  South  American  countries,  and  I  am  very  glad 
indeed  to  have  that  particular  interpretation  put  on  astronomy. 

The  Chairman.  Yes,  we  must  put  the  broadest  interpretation 
upon  the  terminology  of  all  of  our  sciences  in  this  country. 

Are  there  any  further  remarks  on  the  subjects?  If  not,  those  in 
favor  will  please  say  aye,  those  opposed  no. 

The  motion  was  unanimously  agreed  to. 

The  Chairman.  The  chair  will  take  a  little  time  to  consult  with 
our  colleagues  before  the  appointment  of  their  committee.  I  think 
we  may  be  able  to  make  up  the  committee  before  the  end  of  the  day. 

Now,  we  have  a  considerable  number  of  papers  here  which  have 
come  at  various  times  and  through  various  channels,  and  my  impres- 
sion is  that  those  papers  may  be  fitly  turned  over  to  a  committee  to 
examine,  in  order  to  determine  how  they  may  be  presented;  and  I 
would  suggest  that  the  chair  be  permitted  to  appoint  a  committee 
of  two  experts,  one  from  each  of  the  two  subsections.  Is  there  ob- 
jection to  such  a  method  of  procedure? 

Mr.  Bauer.  I  move  that  the  chairman  be  empowered  to  appoint 
that  committee  for  the  purpose  of  looking  over  the  papers. 

The  motion  was  seconded. 

The  Cblairman.  It  is  moved  and  seconded  that  a  committee  be 
appointed  to  examine  the  papers  which  we  have  on  the  table,  and  in 
my  room  upstairs.    Are  there  any  remarks? 

The  motion  was  unanimously  agreed  to. 
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The  Chairman.  The  chair  will  appoint  for  such  purpose  Prof. 
Bailey  on  the  part  of  astronomy  and  geodesy,  and  Prof.  Talman,  on 
the  part  of  meteorology  and  seismology. 

With  these  preliminary  remarks,  we  shall  now  pass  to  the  reading 
of  the  papers  to  be  presented  at  this  morning's  session.  I  shaU  call 
first  for  the  paper  of  Prof.  Bailey,  of  Harvard  University  Observ- 
atory, on  "Astronomical  work  in  South  America." 

Mr.  Bailey.  The  object  of  this  paper  is  simply  to  give  an  outline 
of  the  astronomical  work  that  is  now  going  on  in  South  America, 
without  going  into  any  details — that  is,  to  give  it  so  far  as  I  under- 
stand it. 


ASTRONOMICAL  WORK  IN  SOUTH  AMERICA. 

By  SOLON  I.  BAILEY, 
PhUlipt  Professor  of  Astronomy^  Harvard  University, 

Certain  branches  of  science  can  be  pursued  almost  equally  well  anywhere 
and  at  any  time.  Astronomy,  however,  must  make  choice  of  Iwth  time  and 
r»lace,  in  order  to  secure  the  best  results.  For  definite  conclusions  in  many 
lines  of  stellar  research,  data  In  regard  to  the  stars  in  the  whole  sky  are 
needed,  and  it  is  evident  that  far  southern  stars  must  be  observed  in  southern 
latitudes.  For  the  complete  solution  of  astronomical  problems,  therefore,  astron- 
omers must  make  use  of  different  latitudes  and  should  make  use  of  different 
longitudes. 

The  countries  lying  south  of  the  Equator  came  late  into  the  family  of  nations, 
and  it  is  natural  that  the  number  of  southern  observatories  should  be  few  and 
our  knowledge  of  southern  stars  comiiaratively  small.  In  time  we  may  hope 
to  see  this  inequality  corrected.  This  has  already  been  partially  accomplished 
by  the  scientitlc  activity  of  certain  countries,  as  well  as  by  the  establishment 
of  southern  auxiliary  stations  by  northern  observatories.  As  time  goes  on, 
and  the  struggle  incident  to  the  material  conquest  of  new  lands  grows  less 
strenuous,  and  political  upheavals  become  less  frequent  and  tragic,  other  south- 
ern nations,  already  interested  in  science,  will  be  able  to  devote  more  attention 
to  it. 

For  certain  lines  of  work,  well  illustrated  by  the  zones  of  the  Astronomische 
Gesellschaft,  and  the  International  Map  of  the  Sky,  international  cooperation 
would  appear  to  be  the  ideal  solution.  There  wiU  always  remain  abundant 
opportunity  for  individual  initiative.  Also,  for  special  problems,  there  are 
advantages  in  having  a  northern  and  a  southern  station  under  the  same  control. 
A  unity  is  thus  brought  Into  the  work  which  would  be  difficult  to  obtain  under 
ether  circumstances.  Examples  of  such  investigations  are  the  Harvard  photome- 
try of  all  the  brighter  stars  and  the  classification  of  the  spectra,  carried  out 
under  the  direction  of  Prof.  E.  C.  Pickering,  at  the  Harvard  Observatory,  and 
the  study  of  the  radial  motion  of  all  the  brighter  stars,  by  Prof.  W.  W.  Campbell, 
director  of  the  Lick  Observatory. 

Much  work  has  been  done  on  the  southern  sky.  in  the  Eastern  Hemisphere,  in 
Australia,  New  Zealand,  and  elsewhere,  especially  in  South  Africa  at  the  Cape 
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of  Good  Hope.  In  this  paper,  however,  a  hrief  ootltne  will  be  given  only  of 
work  which  has  been  accomplished  in  Sooth  America. 

The  first  important  astronomical  and  geodetic  problem  undertaken  in  South 
America  was  the  determination  of  the  arc  of  Quito.  Until  the  aid  of  the 
seventeenth  century  geodetic  observations  had  been  carried  on  only  for  the 
determination  of  the  sixe  of  the  earth,  r^arded  as  a  sphere.  £xperimental 
data  and  theoreticnl  considerations  soon  threw  doubt  upon  this  assumption. 
Heasorements  made  near  Paris  by  the  Gassinis  appeared  to  show  that  the 
earth  is  a  prolate  spheroid.  This  form  is  improbable  for  theoretical  considera- 
tions, and  to  settle  the  point  the  French  Government  undertook  the  meHSiire- 
ment  of  two  arcs— one  near  the  Equator  and  the  other  at  a  high  latitude.  For 
10  years,  beginning  in  1735,  Messrs.  Godin,  Bouguer,  and  de  la  Condamine, 
assisted  by  two  Spanish  c^c^is,  carried  on  the  extremely  arduous  duties  in- 
volved in  the  Peruvian  investigation.  At  that  time  Peru  was  a  vice  royalty 
of  Spain,  and  included  modem  Ekruador,  in  which  the  arc  chiefly  lies.  From 
this  determination,  and  that  on  the  Gulf  of  Bothnia,  at  more  than  W  of 
latitude,  definite  proof  vras  first  furnished  of  the  oblatoiess  of  the  earth's 
form.  The  arc  of  Quito  was  redetermined  during  the  years  1901  to  1906u  The 
new  arc  has  an  amplitude  of  nearly  6*  in  latitude,  and  extends  from  Tulcan, 
near  the  E>iuator  In  Ecuador,  to  Payta,  in  northern  Peru. 

Determinations  of  longitude  and  latitude  have  been  carried  on  in  all  South 
Am^can  countries.  Especial  attention  mny  be  called  to  the  telegraphic 
determinations  of  the  longitude  of  Payta,  Lima,  Arica,  Valparaiso,  and  the 
National  Observatory  at  Cordoba,  by  Lieut  Gomma^ider  C.  H.  Davis  and  others 
in  1883,  and  of  the  Harvard  Observatory  station  at  Arequipa,  in  1897,  by  Prof. 
Winslow  Upton. 

For  nearly  half  a  century  Argentina  has  held  an  honorable  position  in 
astronomy.  Its  Government,  following  the  precedents  establi^ed  by  President 
Sarmiento,  has  given  liberal  and  continuous  support  to  astronomical  research. 
In  1870,  under  the  direction  of  Dr.  B.  A.  Gould,  the  establishment  of  a  national 
observatory  at  Cordoba  was  begun.  While  waiting  for  the  installation  of  the 
meridian  circle,  for  which  the  chief  work  of  the  observatory  was  planned,  the 
Uranometria  Argentina,  patterned  on  the  Uranometria  Nova  of  Argelander, 
was  carried  through.  The  chief  work  of  the  observatory  in  the  years  which 
followed,  under  the  directorships  of  Gould,  Thome,  and  Perrine,  has  been  the 
observations  of  stars  with  the  meridian  circle,  and  their  reduction,  to  form  the 
Argentine  General  Catalogue,  the  Zone  Catalogues,  the  Cordoba  Durebmus- 
terung,  and  the  extension  of  the  Zones  of  the  Astronomlsche  Gesellschaft  from 
— 23'  to  —37*  declination.  These  results  now  fill  more  than  20  quarto  vol- 
nmes,  and  their  completion  will  permit  the  observatory  to  devote  more  time  to 
other  astronomical  problems. 

Not  content  with  the  work  of  this  observatory  alone,  Argentina  has  developed 
into  an  efficient  institution  for  research  the  observatory  of  La  Plata.  In  1881, 
during  the  presidency  of  Gen.  Roca,  the  city  of  Buenos  Aires  was  made  the 
national  capital.  The  government  of  the  Province  of  Buenos  Aires,  seeking  a 
site  for  a  new  capital  for  the  Province,  founded  the  city  of  La  Plata.  Enormous 
sums  were  spent  in  the  execution  of  this  scheme.  An  observatory  was  one  of 
its  institutions  and  in  time  became  well  equipped  with  instruments  of  pre- 
cision. Owing  to  adverse  circumstances,  however,  little  work  was  accom- 
plished for  many  years.  In  1905  the  observatory  was  transferred  to  the 
National  GoTemment  as  part  of  a  new  and  greater  national  university.  A 
splendid  equipment  and  greater  resources  were  provided  under  the  directorship 
of  Dr.  Porro.  Dr.  W.  J.  Hussey  was  made  director  in  1911,  nnd  systematic 
research  work  is  now  being  carried  on. 
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For  their  active  support  of  astronomical  science  the  people  and  Government 
of  Argentina  deserve  high  praise. 

The  elevated  and  nearly  rainless  vrest  coast  of  South  America  appeared  to 
offer  conditions  especially  favorable  to  astronomical  observation.  Prof.  Eklward 
C.  Pickering,  director  of  the  Harvard  Observatory,  sent  out  an  expedition  in 
1889,  in  charge  of  the  writer,  to  carry  on  observations  which  should  lead  to 
the  selection  of  the  best  site.  A  brief  study  was  made  of  the  atmospheric  con* 
ditions  at  various  points  in  Peru  and  Chile.  After  the  use  of  a  preliminary 
station  for  a  year  at  Chosica,  near  Lima,  and  for  a  few  months  at  Pampa 
Central,  on  the  Desert  of  Atacama,  Chile,  Arequipa  was  permanently  occupied 
as  the  southern  station  of  the  observatory.  For  more  than  20  years  this 
station  has  taken  part  in  the  work  of  the  observatory,  especially  in  the  exten- 
sion of  various  schemes  of  research  to  the  southern  sky.  Extensive  visual  as 
well  as  photographic  observations  have  been  made.  The  former  include  the 
extension  of  the  Harvard  photometry  to  the  South  Pole  giving  the  brightness 
cf  all  southern  stars  to  the  seventh  magnitude.  Observations  have  also  been 
made  of  comets,  asteroids,  double  stars,  and  variable  stars.  During  a  residence 
of  two  years  at  Arequipa,  Prof.  H.  W.  Pickering  made  a  long  series  of  obser- 
vations of  the  moon  and  planets,  especially  Mars.  Plates  made  at  this  station 
with  the  Bruce  telescope  enabled  him  to  discover  Phoebe,  the  ninth  satellite  of 
Saturn.  Arequipa  photographs  have  also  enabled  the  observers  there,  and  espe- 
cially at  Cambridge,  to  discover  novae,  binaries,  and  great  numbers  of  variable 
stars,  especially  in  globular  clusters  and  the  Magellanic  Clouds.  They  have 
also  made  possible  the  extension  to  the  southern  sky  of  the  classification  of 
spectra  of  all  bright  stars  by  the  late  Mrs.  Fleming,  and  the  enlargement  of 
that  work  by  Miss  Cannon  in  the  New  Draper  Catalogue,  which  will  contain 
the  classification  of  the  spectra  of  200,000  stars.  Mention  should  perhaps 
be  made  of  meteorological  observations  which  have  been  carried  on  not  only 
at  Arequipa  but  in  a  chain  of  stations  extending  from  MoUendo,  on  the  Pacific, 
to  Santa  Ana,  in  the  Valley  of  the  Urubamba,  east  of  the  Andes.  This  system 
also  contained  several  mountain  stations,  one  at  the  summit  of  El  Misti  at  an 
elevation  of  19,200  feet,  the  highest  scientific  station  in  the  world. 

The  policy  of  the  observatory  has  been  to  entertain  and  assist  visiting  as- 
tronomers from  all  countries.  During  the  permanence  of  the  station  at  Are- 
quipa the  Peruvian  Government  has  extended  its  hearty  approval,  has  made 
custom  and  railway  concessions,  and  has  given  every  indication  of  its  desire 
to  facilitate  the  work/  of  the  station. 

Peru  at  one  time  planned  a  national  observatory  and  purchased  expensive 
instruments  for  its  equipment  Financial  reverses  prevented  its  rapid  installa- 
tion, and  in  the  war  with  a  neighboring  nation  the  instruments  became  the 
spoils  of  the  victors  and  were  carried  to  Santiago.  It  may  not  be  impertinent 
to  inquire  whether  these  instruments  are  now  employed  In  astronomical  work, 
and,  if  not,  whether  they  may  not  be  put  to  some  good  use. 

The  value  to  astronomy  of  a  site  in  the  Southern  Hemisphere  could  not  be 
better  illustrated  than  in  the  work  of  the  Lick  Observatory,  under  the  direction 
of  Prof.  W.  W.  Campbell.  A  leading  line  of  research  at  that  observatory  re- 
lates to  the  motion  of  the  stars  in  the  line  of  sight.  The  primary  purpose  of 
this  Investigation  Is  to  secure  data  for  the  more  accurate  determination  of  the 
velocity  and  direction  of  the  sun*s  motion  through  space.  No  other  astronomi- 
cal problem  appeals  with  more  force  to  mankind  than  this;  but  of  almost 
equal  importance  is  the  light  which  such  an  investigation  throws  on  many 
other  problems  relating  to  the  structure  of  the  stellar  universe.  Observations 
at  the  Lick  Observatory  could  not  be  carried  farther  south  than  declination 
— 30'.    The  problem  of  the  sun's  direction  of  motion  would  be  seriously  affected 
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by  the  omission  of  southern  stars,  and  another  station  became  a  necessity.  The 
new  station  was  established  in  1903  at  Santiago,  Chile,  on  the  Cerro  de  San 
Crist6bal,  where  work  has  been  carried  on  continuously  since  that  time  by 
various  members  of  the  Lick  Observatory  staff. 

Another  example  of  the  need  of  a  southern  station  for  the  completion  of  an 
astronomical  research  is  that  of  the  temporary  observatory  at  San  Luis,  Argen- 
tina. The  late  Prof.  I-iewis  Boss,  director  of  the  Dudley  Observatory,  and 
of  the  department  of  meridian  astrometry  of  the  Carnegie  Institution  of 
Washington,  had  laid  out  for  his  life  work  the  formation  of  a  great  catalogue 
of  some  25,000  stars,  the  places  of  which  should  be  as  precise  as  possible 
and  re<luced  to  a  uniform  system,  based  not  only  on  all  previous  observations 
of  good  quality,  but  improved  by  recent  observations.  He  desired  to  obtain 
observations  of  both  northern  and  southern  stars,  made  under  one  control  by 
the  same  instrument  and  under  similar  conditions.  It  liecame  possible  to  supple- 
ment his  work  at  Albany  by  its  extension  to  the  southern  sky  through  the 
liberality  of  the  Carnegie  Institution.  The  relative  desirability  of  stations  in 
various  countries  on  three  continents  was  considered,  but  the  decision  was  in 
favor  of  Argentina,  and  San  Luis  was  selected  on  the  advice  of  Mr.  W.  G.  Davis, 
chief  of  the  Argentina  weather  bureau.  The  wisdom  of  th^  selection  is  shown 
by  the  large  number  of  nights  each  year  in  which  observations  could  be  made 
and  the  rapidity  with  which  the  work  was  completed.  Observations  could  be 
made  on  80  per  cent  of  the  nights  devoted  to  work. 

Mention  should  also  be  made  of  the  National  Observatory  nt  Santiago,  Chile, 
at  which  important  work  has  at  times  been  done,  as  well  as  that  at  Rio  de 
Janeiro,  Brazil,  which  is  well  equipped  and  has  made  contributions  to  science. 
Colombia  and  Ekmador  also  have  national  observatories. 

If  South  American  countries  have  not  in  many  cases  been  in  a  position  to 
prosecute  scientific  research  themselves,  at  least  they  have  always  welcomed 
scientific  expeditions  and  aided  them  wherever  possible.  In  the  future  we 
may  confidently  expect  that  the  great  and  growing  nations  of  tha^  continent 
will  be  ready  to  do  their  share  in  the  world's  advance. 

The  Chaikman.  I  am  sure  I  express  the  sentiments  of  the  section 
when  I  say  that  Prof.  Bailey  has  performed  a  valuable  service  in 
giving  us  a  history  as  well  as  the  status  of  the  present  work  in 
South  America. 

One  of  the  most  interesting  aspects  of  the  work  at  the  observatory 
at  San  Luis  relates  to  the  economy  of  it.  Naturally,  much  pains 
were  taken  to  determine  how  best  to  accomplish  that  great  task. 
You  will  observe  that  the  object  of  the  establishment  of  the  tem- 
porary observatory  there  was  to  follow  up  and  begin  observations 
in  the  Southern  Hemisphere.  As  a  matter  of  fact,  we  took  great 
pains — Prof.  Boss  chiefly,  with  such  assistance  as  the  institution 
could  give  him — to  determine  what  would  be  the  best  method  of 
accomplishing  this  enterprise.  The  advice  of  most  experts  was 
that  we  should  get  the  observatories  in  the  Southern  Hemisphere  to 
do  that  work  for  us.  Perhaps  I  may  be  pardoned  the  egotism  of 
sajring  that  that  was  directly  contrary  to  my  advice,  My  opinion 
was  that  we  could  get  the  work  done  under  our  own  auspices  before 
we  could  accomplish  the  preliminary  correspondence  if  we  followed 
the  ad>dce  given  us.    I  think  the  results  have  justified  the  decision 
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which  was  made  to  take  the  instruments  and  the  staffs  of  the  observ- 
atory in  this  country  to  Argentina  for  the  accomplishment  of  this 
work. 

There  is  another  interesting  outcome  of  that  work  which  perhaps 
should  be  mentioned  in  this  connection.  The  preliminary  general 
catalogue,  which  contains  positions  for  only  about  a  quarter  of  the 
stars  which  the  final  catalogue  will  contain,  was  published  in  1909. 
Perhaps  I  should  explain  to  you  also— it  is  not  altogether  an  open 
secret — that  a  man  who  is  an  administrator  in  research  work  has 
trustees  to  deal  with,  and  trustees  have  opinions  that  are  sometimes 
more  influential  than  they  are  accurate,  although  I  do  not  mean  to 
indicate  by  that  that  my  colleagues,  trustees  of  this  institution^ 
are  not  very  reasonable  men.  On  the  other  hand,  I  insist  that  they 
are  the  finest  body  of  trustees  in  this  country,  if  not  in  the  world; 
but  it  was  their  opinion  that  there  would  be  need  for  only  a  small 
number  of  copies,  300  or  400  copies,  of  this  preliminary  catalogue. 
We  printed  500  copies,  but  within  a  year  the  work  was  out  of  print, 
and  we  have  recently  issued  a  photographic  reproduction  of  the 
catalogue  which  we  can  now  offer  at  half  of  the  price  attached  to  the 
original  catalogue.  This  new  catalogue,  which  is  just  now  available, 
may  be  furnished  for  $3.50  a  copy,  on  just  as  good  paper  as  the  other 
one  was  published,  which  was  sold  for  $7  a  copy. 

In  this  connection  there  is  another  matter  which  should  be  of 
special  interest  to  this  section — namely,  that  the  two  scientific  works 
published  by  the  Carnegie  Institution  of  Washington,  for  which 
there  has  been  the  most  demand,  are  this  catalogue  to  which  I  have 
just  referred  and  the  work  on  dynamic  meteorology.  They  were  both 
speedily  out  of  print  The  dynamic  meteorology  has  been  repub- 
lished in  a  German  edition  recently. 

Are  there  any  further  remarks  on  Prof.  Bailey's  paper? 

Mr.  HussEY.  Mr.  Chairman,  it  may  be  of  interest  to  refer  to  the 
new  obsenatory  in  Argentina ;  Prof.  Bailey  has  referred  to  it  briefly. 
They  have  there  a  new  observatory  with  several  additional  buildings 
for  equatorials  and  for  meridian  instruments,  and  they  will,  I  think, 
in  a  short  time  be  in  very  good  condition  for  astronomical  work 
there.    I  simply  give  this  as  a  note  on  southern  observations. 

The  Chairman.  It  is  very  interesting  to  have  the  history  of  so 
much  work  in  South  America. 

Mr.  HussEY.  They  have  three  buildings  under  construction  for 
equatorial  instruments  and  a  number  of  smaller  buildings  for 
transits.  Their  instruments  are  purchased  and  the  buildings  are 
being  erected  at  the  present  time. 

The  Chairman.  Are  there  any  further  remarks?  If  not,  we  shall 
be  glad  to  hear  from  Prof.  Hussey  with  regard  to  the  work  at  La 
Plata. 
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WORK  OP  OBSERVATORY  AT  LA  PLATA,  ARGENTINA, 

By  WILLIAM  J.  HUSSBY, 

Director  Astronomical  Observatory^  University  of  Michigan,  and  Director  of 
the  Observnttory  of  La  Plata, 

Mr.  Chairman,  what  I  shall  have  to  say  will  be  in  the  nature  of  a  report  of 
progress.  The  observatory  at  La  Plata  was  established  about  1882,  and  through 
successive  appropriations  from  the  provincial  government  it  was  equipped  in 
the  years  following.  In  the  beginning,  one  of  the  chief  objects  for  which  the 
observatory  was  established  was  in  order  that  geographical  points  might  be  de- 
termined within  the  Province  of  Buenos  Aires  for  the  formation  of  an  accurate 
map  of  that  region.  For  that  purpose  two  transit  instruments,  chronometers, 
and  other  necessary  instruments  were  obtained.  They  were  ordered  about  1883. 
Afterwards  the  scope  of  the  observatory  was  widened,  and  in  the  end  a  large 
collection  of  instruments  and  buildings  was  obtained.  In  all,  there  were  about 
15  buildings  erected,  and  the  observatory  was  equipped  with  an  8.4-inch  equa- 
torial and  a  larger  one  of  17  inches  aperture ;  a  small  meridian  circle  of  about 
4  inches  aperture  and  a  large  one  of  8.4  inches  aperture;  also  a  large  alt- 
azimuth Instrument,  a  photographic  telescope  of  13i  inches  aperture,  and  a 
reflector  of  31i  inches  aperture.  The  larger  instruments  were  completed  about 
1890.  About  that  time  financial  difficulties  came  to  the  country,  before  the 
buildings  were  ready,  and  it  was  not  until  some  time  later  that  the  instnunents 
were  installed.  Financial  conditions  remained  very  bad  for  a  number  of  years, 
and  it  was  not  until  1905  that  there  was  opportunity  for  a  reorganization  of 
the  observatory  and  its  transfer  from  the  Province  to  the  Nation.  At  that  time 
various  institutions  in  La  Plata,  which  had  been  established  and  maintained 
by  the  Province,  were  transferred  to  the  nation  and  became  a  part  of  the  new 
National  University  of  La  Plata.  These  included  the  university,  the  observa- 
tory, the  museum,  the  college  of  agriculture,  etc. 

In  1906  Dr.  Porro,  from  Italy,  was  made  director  of  the  observatory,  and  addi- 
tional funds  were  provided  for  equipment  Among  the  instruments  purchased 
during  his  administration  were  a  comet  seeker,  a  Repsold  meridian  circle,  and 
t\^'o  Repsold  transit  instruments,  and  at  the  same  time  the  International  Lati- 
tude Observatory,  which  had  been  established  at  Oncativo  by  the  International 
Geodetical  Association,  was  transferred  to  the  observatory,  with  the  understand- 
ing that  the  university  should  provide  for  the  continuance  of  the  work  at 
Oncativo  for  two  additional  years.  The  work  was  continued  for  more  than 
two  years  and  was  then  discontinued,  the  corresponding  work  having  been  dis- 
continued at  the  other  southern  station  in  Australia. 

I  took  charge  of  the  observatory  at  La  Platif  about  four  years  ago.  The 
astronomical  staff  was  then  small.  We  had  a  large  collection  of  instruments,, 
more  than  we  could  expect  to  keep  in  use  by  any  staff  that  we  could  reasonably 
hope  to  have.  So  I  arranged  for  two  or  three  definite  lines  of  work.  I  was 
Interested  in  the  observation  of  the  southern  double  stars,  and  I  began  at 
once  to  use  the  large  equatorial  for  that  work. 

There  was  no  micrometer  available  for  use  on  the  large  equatorial  at  that 
time,  so,  during  the  first  few  months  that  I  was  there  my  time  was  devoted 
to  searching  for  new  pairs.  As  soon  as  a  micrometer  became  available,  meas- 
urements were  commenced. 

Up  to  the  present  about  350  southern  double  stars  have  been  discovere<l  with 
that  telescope.     We  have  also  given  attention  to  the  measurement  of  these 
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iKtars  and  also  to  other  southern  double  stars,  and  more  than  8,000  double-star 
observations  have  been  obtained.  More  than  2,000  of  these  were  made  by 
Astronomer  Dawson;  the  remainder  by  myself. 

A  large  amount  of  work  has  been  done  with  the  meridian  circle.  The  large 
Oautier  meridian  circle,  having  an  aperture  of  8.4  Inches,  has  been  used.  We 
had  no  building  for  the  Repsold  meridian  circle,  but  we  took  the  microme- 
ter from  it  and  adapted  it  to  the  Gautier  meridian  circle.  This  was  done 
toward  the  end  of  1912  and  observations  were  begun  with  it  in  January,  1018. 
To  the  present  time  Mr.  Delavan  and  Mr.  Agullar  have  been  using  the  Instru- 
ment, assisted  by  Messrs.  Chaves,  Crump,  Boero,  and  Manganiello.  They  have 
DOW  made  about  25,000  observations.  These  observations  are  divided  between 
two  zones— one  from  52*  to  57*  and  the  other  from  57*  to  62*  south  declination. 
They  are  following  essentially  the  plan  of  the  Astronomische  Gesellschaft, 
making  usually  three  ol)servations  of  each  star  of  the  ninth  magnitude  or 
brighter.  There  are  about  15,000  stars  in  these  zones,  and  more  than  half  of 
the  zone  observations  have  been  made. 

In  selecting  these  particular  zones  we  have  been  working  in  cooperation  with 
the  observatory  at  Cordoba.  There  they  have  been  working  on  an  extension  of 
the  Astronomische  Gesellschaft  work,  southward  from  —22*.  They  have  made 
the  observations  from  22*  to  87*  south  declination  and  have  reserved  the  next 
15*  from  37*  to  52*.  In  beginning  the  work  at  La  Plata  we  commenced  at 
52*  south  declination  and  have  been  working  on  a  zone  10*  in  width.  If  we 
can  continue  the  work  at  the  present  rate,  which  seems  probable,  the  obser- 
vations will  be  nearly  completed  by  the  end  of  1916. 

The  reductions  are  following  the  observations  closely.  They  are  only  a  few 
months  in  arrears.  In  the  case  of  Mr.  Aguilar's  work  the  reductions  are 
complete  to  July  or  August  of  1915,  and  Mr.  Delavan's  reductions  are  almost 
as  far  advanced. 

We  have  an  instrument  of  the  astrographic  pattern.  La  Plata  was  at  one 
time  assigned  a  zone  in  that  scheme  of  work,  but  owing  to  financial  and 
other  difficulties  the  work  was  not  commenced,  and  eventually  the  zone  was 
reassigned  to  other  observatories. 

Another  thing  that  has  been  done  is  a  search  of  the  southern  sky  for  comets. 
Mr.  Delavan  has  devoted  a  portion  of  his  time  to  this  work,  and  has  discov- 
ered three  comets  to  the  present  time.  The  first  was  a  return  of  Westphal's 
comet  of  1852,  whose  orbit  was  imperfectly  known.  The  second  was  a  new 
comet,  which  passed  into  the  northern  sky  during  the  year  1914  and  for  a  time 
was  conspicuously  visible  to  the  naked  eye.  It  Is  now  far  south  again.  It 
has  been  under  observation  for  a  longer  period  than  any  previous  comet, 
and  Is  now  decreasing  in  brightness  rather  slowly,  so  that  it  may  be  possible 
to  follow  it  for  several  months  longer.  This  comet  has  a  hyperbolic  orbit, 
and  observations  extending  over  a  long  interval  will  aid  materially  in  fixing 
the  amount  of  eccentricity. 

We  have  been  observing  the  southern  comets  with  the  large  equatorial  since 
1912.    About  800  observations  of  comets  and  minor  planets  have  been  secured. 

This  is,  in  brief,  what  we  have  been  trying  to  do.  We  have  selected  a  few 
definite  lines  of  work  with  the  idea  of  carrying  them  forward  as  rapidly  as 
possible.  We  have  also  plans  for  some  other  lines  of  work.  For  example,  the 
observatory  has  an  80-centimeter  reflecting  telescope  which  we  would  like  to 
modify  so  as  to  fit  it  for  the  spectroscopic  observation  of  southern  variable 
stars.  We  have  been  especially  interested  in  studying  the  spectra  of  long- 
period  variables  at  Ann  Arbor,  and  we  would  like  to  carry  that  work  into  the 
Southern  Hemisphere. 
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The  Cblairman.  These  two  presentations  have  helped  very  much 
to  give  us  an  idea  of  the  development  of  astronomy  in  the  Southern 
Hemisphere. 

Mr.  Bailey.  I  should  like  to  ask  Prof.  Hussey  what  are  the  atmos- 
pheric conditions  as  to  cloudiness  and  clearness,  and  also  what 
does  he  include  in  the  requirements  for  the  acceptance  of  a  star  as 
double? 

Mr.  HussEY.  Our  nights  at  La  Plata  vary  considerably  in  the 
amount  of  cloudiness,  but  I  think  we  can  count  on  more  than  half 
of  the  nights  being  clear,  and  perhaps  200  nights  a  year  in  which 
at  least  a  part  of  the  night  will  be  workable.  We  often  have  fogs 
coming  in  from  the  river  and  clouds  floating  over  during  the  later 
hours  of  the  night,  when  it  may  be  clear  earlier.  The  quality  of 
the  atmosphere  for  the  purposes  of  vision  is  not  of  the  best,  but  it 
is,  I  suppose,  of  about  the  same  quality  that  we  have  over  the  eastern 
part  of  the  United  States.  There  are  not  very  many  nights  when 
we  can  use  the  full  power  of  the  large  refracting  telescope  for  double- 
star  work.  We  have  had,  therefore,  in  using  that  instnunent  for 
double-star  work,  to  limit  it  to  a  considerable  extent  to  the  wider 
pairs,  and  we  have  started  on  a  program  of  the  measurement  of  all 
stars  which  have  been  catalogued  as  double  by  any  double-star  ob- 
server. 

Now,  as  to  what  we  shall  call  a  double  star,  that  has  been  discussed 
more  or  less.  I  do  not  care  to  go  into  it  very  far.  A  double  star  is 
really  a  binary,  and  before  we  can  tell  whether  a  star  is  a  binary  or 
not  we  must  have  measurements  of  it  which  wUl  show  motion.  All 
of  the  criteria  which  I  have  seen  for  binaries  or  for  double  stars 
Would  reject  some  of  the  known  binaries. 

Mr.  Bailey.  You  spoke  of  a  list  of  a  certain  niunber.  I  wondered 
what  tests  you  applied  to  them. 

Mr.  Hussey.  All  of  those  stars  are  brighter  than  the  ninth  mag- 
nitude, and  I  have  taken  those  as  double  where  the  distance  is  under 
five  seconds  of  arc.  All  of  those  will  probably  not  be  binaries. 
We  can  not  get  the  close  pairs  in  the  same  proportion  that  we  did 
at  the  other  observatory.  The  conditions  are  not  good  enough  for 
that  Some  of  the  pairs  which  have  been  foimd  at  La  Plata  have 
distances  of  under  a  quarter  of  a  second  of  arc,  which  is  nearly  the 
resolving  power  of  that  instrument,  but  we  do  not  have  many  nights 
of  that  quality,  and  consequently  we  can  not  hope  to  get  all  df  those 
fine  pairs. 

I  will  say  that  before  there  was  any  intimation  of  my  going  to 

La  Plata  we  were  preparing  at  the  University  of  Michigan  for 

southern  work.     A  24-inch  instrument  is  being  constructed,  and 

the  mechanical  features  will  be  proceeded  with  as  soon  as  we  can 
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get  the  objective.  The  opticians  will  not  give  us  the  focal  length, 
so  we  have  had  to  hold  up  the  construction  of  the  mechanical  fea- 
tures until  the  object  glass  is  obtained.  We  have  been  in  that  condi- 
tion there  for  two  years  now.  This  instrument  was  designed  to  be 
taken  to  the  southern  hemisphere  for  double-star  wcn-k,  and  we  were 
going  to  take  it  to  whatever  place  we  found  best  It  may  go  to 
Australia  or  it  may  go  to  Argentina.  Since  my  relations  are  with 
Argentina,  it  will  probably  go  there. 

Mr.  6aii«et.  Have  you  investigated  the  cmiditions  in  Australia? 

Mr.  HussET.  I  have  visited  Australia  and  have  been  in  the  Prov- 
inces of  New  South  Wales  and  Victoria.  I  think  the  conditions  on 
the  Blue  Mountains  or  just  west  of  them — ^not  too  far  west — ^would 
be  fairly  good.  I  do  not  know  what  they  would  be  in  West  Aus- 
tralia. I  should  like  to  visit  West  Australia  and  see  what  the  con- 
ditions would  be  in  the  neighborhood  of  Berth.  There  is  reason 
for  thinking  it  mi^t  be  very  good  there. 

Mr.  Clattok.  I  should  like  to  suggest  La  Guiaca  as  a  magnificent 
site. 

The  Chairman.  Are  there  any  further  remarks?  If  not,  let  me 
inquire  whether  some  friend  of  the  head  of  the  astrographic  de- 
partment at  Santiago,  Chile,  is  present  here?  We  have  a  paper 
on  the  subject  of  astrographic  work  at  Santiago,  Chile.  If  there 
is  no  one  here  prepared  to  present  the  paper  we  will  refer  it  to  the 
committee  consisting  of  Prof.  Bailey  and  Prof.  Talman  for  exami- 
nation and  presentation.  I  will  ask  Dr.  Bauer  if  he  is  ready  to 
present  his  paper  on  "The  status  of  magnetic  surveys  in  South 
America?"  It  has  occurred  to  me  that  he  would  possibly  prefer 
to  defer  it  until  he  can  have  lantern  illustrations. 

Bir.  Baxter.  I  have  charts  which  will  answer  the  same  purpose. 

The  Chatrman.  If  it  is  agreeable  to  you,  we  shall  be  glad  to  hear 
your  paper. 


STATUS  OF  MAGNETIC  SURVEYS  IN  SOUTH  AMERICA  BT  THE 
CARNEGIE  INSTITUTION  OF  WASHINGTON. 

By  L.  A.  BAUER, 

Director  Department  of  Terrestrial  Moffnetism,  Carnegie  JnatUutUm  of 

Washinffton. 

In  response  to  the  Invitation  received  through  the  secretary  general  of  the 
Second  Pan  American  Ongress,  I  have  the  honor  to  present  before  this  section 
a  summary  of  the  work  of  the  magnetic  surveys  conducted  in  South  America 
during  190^1915  by  the  department  of  terrestrial  magnetism  of  the  Carnegie 
Institution  of  Washington.  Ten  separate  expeditions  have  been  sent  out,  the 
stations  at  which  the  magnetic  observations  were  made  numbering  493.  About 
10  per  cent  of  this  number  are  **  repeat  stations,"  i.  e.,  stations  at  which  observa- 
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tioDS  have  been  made  In  various  years,  either  by  others  or  by  ourselves.  Thus 
magnetic  data  for  determining  both  the  distribution  of  the  magnetic  elements 
and  their  changes  from  time  to  time  are  obtained. 


ICtp  diowfiig  status  of  magnetic  stnreys  in  South  America  by  the  Carnegie  Institution  of  Washington. 

Every  country  in  South  America  is  r^Kres^ited  in  the  list  of  our  stations, 
though  the  numl>ar  of  stations  in  the  different  countries  varies  considerably,  as 
will  be  seen  from  the  accompanying  map.   The  full  dots  show  the  land  magnetic 
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•tattoM  of  the  Onneg^  InstltatloD  of  Wasbingtoo.  The  tracte  of  tbe  two 
magDetic  sonrejr  remeiM,  the  GuiUee  and  the  Carnegie^  1908-1915,  are  also  shown. 
Since  complete  inf<ninatioD  regarding  tbe  magnetic  work  to  date  of  the  varioua 
Sooth  American  eoontries  Is  not  in  our  poasearion,  it  is  necessary  to  forego 
tlie  attempt  at  present  of  stiowing  on  this  map  the  stations  established  by  others. 
Suffice  ft  to  say,  howerer,  tliat,  thanks  to  the  very  cordial  CD(^;iaration  being 
receive*!  from  every  organization  in  South  America  engaged  in  securing  mag- 
netic data,  it  lias  been  possible  to  carry  oot  eSectiye^  our  published  plan.  This 
plan  is  not  to  duplicate  but  to  supplement  tlie  work  being  done  well  by  other 
organizations,  so  as  to  complete  in  the  most  expeditious  manner  possible  the 
task  of  a  general  magnetic  surv^  of  tlie  earth. 

You  will  see,  then,  from  the  map  that  the  magnetic  stations  of  the  Carnegie 
Institution  of  Washington  are  most  numerous  in  countries  of  South  Ameria  not 
possessing  magnetic  services.  In  Argentina  and  Brazil,  which  are  actively 
carrying  on  magnetic  surveys,  our  own  work  could  be  restricted  in  extent. 

A  special  point,  however,  has  been  made  of  obtaining  at  various  times  com- 
parisons of  our  magnetic  standards  with  those  of  other  countries.  In  this  way 
It  has  become  possible  to  reduce  all  the  recent  magnetic  data  in  South  America 
to  the  same  set  of  standards,  with  a  degree  of  accuracy  sufficient  for  both 
theoretical  and  practical  purposes. 

Some  of  our  expeditions,  as  will  be  seen  from  the  map,  have  been  geographic 
achievements  as  well  as  contributions  to  the  advancement  of  our  knowledge 
of  the  earth's  magnetism.  In  addition  to  the  three  magnetic  elements — the 
magnetic  declination,  the  magnetic  inclination,  and  the  intensity  of  the  earth's 
magnetic  field — our  parties  obtain  the  geographic  position  of  their  stations 
with  an  accuracy  sufficient  for  the  purpose,  as  well  as  general  geographic 
information. 

A  brief  synopsis  of  our  chief  expeditions,  1908-1915,  is  appended.  The  re- 
sults and  descriptions  of  stations  up  to  1913,  inclusive,  have  been  published  in 
two  volumes,*  issued  by  the  Carnegie  Institution  of  Washington.  The  subse- 
quent data  are  now  being  reduced,  and  It  is  hoped  the  volume  to  contain  them 
can  appear  before  long. 

The  next  step  will  be  to  refer  all  the  observations  to  the  same  date  by  means 
of  the  data  obtained  at  the  repeat  stations  and  at  the  magnetic  observatories, 
of  which,  alas,  there  are  too  few  In  South  America.  Argentina  and  Brazil  are 
the  only  countries  at  present  in  which  such  observatories  are  being  maintained.' 

The  construction  of  new  magnetic  charts  for  the  entire  globe,  as  based  upon 
the  data  accumulated  since  1905,  Is  in  progress. 

Throughout  the  entire  work  in  South  America  every  assistance  possible  has 
been  rendered  in  the  furtherance  of  the 'work  by  the  various  South  American 
Governments  and  by  private  individuals  who  became  Interested  In  the  work 
of  the  department  of  terrestrial  magnetism.  For  this  Invaluable  cooperation 
grateful  acknowledgment  Is  here  made. 
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observatory  in  one  of  the  western  countries  of  South  America,  probably  In  Peru. 
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SECULAS  CHANGES  OF  THE  MAGNETIC  ELEMENTS  IN  SOUTH  AMEHICA. 

West  magnetic  declination  is  at  present  (1916)  increasing,  or  east  declina- 
tion decreasing,  all  over  South  America,  except  along  the  coast  of  Ecuador, 
where  the  annual  change  la  practically  zero.  The  maxlmnm  annual  change, 
ahout  16',  or  nearly  0^'',  is  found  in  the  extreme  northwest  part  of  Brazil,  at 
the  mouth  of  the  Amazon,  and  down  along  the  coast  to  Pemambuco,  where  the 
magnetic  declination  yarles  about  from  9*"  west  to  18*"  west  (Along  the  south- 
east coast  of  Africa,  near  Natal,  the  magnetic  declination,  which  is  west  there, 
is  decreasing  at  present  about  14'  per  year,  hence  the  north  «id  of  the  compass 
needle  is  there  moTing  east,  whereas  in  northeastern  Brazil  it  is  moving  west) 

The  annual  change  of  the  magnetic  dip,  or  inclination,  in  the  northern  coun- 
tries of  South  America  is  extremely  large.  For  example,  at  Bogota,  Colombia, 
the  dip  yaried  from  +27.8^  in  1909  (Jan.)  to  +29.4^  in  1914  (June) ;  hence  the 
average  annual  increase  during  the  period  of  5.4  years  was  CS*",  or  18'.  Nearly 
all  over  South  America  the  north  end  of  the  dipping  needle  is  moving  down- 
ward  at  the  average  annual    rate  for  the  entire   continent  of  about  l(f. 

The  horizontal  component  of  the  intensity  of  the  earth's  magnetic  field  is 
decreasing  in  the  extreme  northern  and  southern  countries,  and  increasing  in 
general  in  the  middle  countries.  The  average  annual  change,  regardless  of 
sign,  is  about  t«W  of  a  C.  G.  S.  unit  of  magnetic  intensity,  or  about  tAv 
of  the  value  of  the  horizontal  intensity. 

Because  of  the  large  annual  changes  the  study  of  the  secular  variation  of 
the  magnetic  elements  in  South  America  is  proving  to  be  of  extreme  interest 

SYXOPSf»    OF    THE    CHIEF    MAGNETIC    EXPEDITIONS    OF    THE    DEPARTMENT    OF 
TEBKESTKIAL   MAGNETISM,    1908-1915. 

E,  Kidsotif  1908-9, — ^Mr.  Kidson  was  assigned  to  the  magnetic  survey  of 
Ecuador  and  Colombia,  and  the  work  was  begun  at  Guayaquil,  Eicuador,  on 
July  25,  1906.  From  here  a  round  trip  was  made  to  Loja,  in  the  southern  part 
of  the  State.  On  return  to  Guayaquil  a  coastal  steamer  was  taken  to  Esmeral- 
das,  observations  being  obtained  at  Manta  on  the  way.  From  Eismeraldas  a 
short  Journey  was  made  up  the  Esmeraldas  River  and  magnetic  observations 
were  secured  at  the  farthest  point  reached.  Mr.  Kidson  then  returned  to 
ESsmeraldas,  and  thence  to  Guayaquil,  observing  at  Bahia,  Manta,  Salinas,  and 
Riobamba.  The  trip  from  Guayaquil  to  Quito  was  made  by  rail.  At  (^uito 
preparations  were  made  for  the  long  Journey  to  Bogota,  Ck>lombia,  by  mule. 
From  Neiva  to  Girardot,  on  the  Blagdalena  River,  travel  was  by  means  of  a 
raft,  and  from  Girardot  to  Bogota  part  of  the  Journey  was  on  muleback  and 
part  by  train.  Returning  to  Girardot,  the  observer,  after  remaining  some  days 
at  Bogota,  continued  the  Journey  to  Barranquiila  by  means  of  rafts,  canoes, 
and  river  steamers.  Magnetic  observations  at  various  stations  along  the 
Bortbern  coast  of  Ck>lombia  were  then  made. 

H,  W,  Fi8k,  1908. — Gne  of  the  first  expeditions  in  South  America,  sent  out  by 
the  department  of  terrestrial  magnetism,  was  began  in  1906  by  Mr.  Fisk,  who 
was  assigned  the  task  of  making  magnetic  observations  in  the  Gulanas.  He 
arrived  at  Georgetown,  British  Guiana,  on  August  6,  having  observed  en  route 
at  two  stations  on  the  coast  of  Colombia.  The  plan  adopted  in  the  selection 
of  stations  in  the  Guianas  was  determined  by  the  geographical  distribution  of 
the  rivers,  which  are  the  main  routes  of  travel.  With-  (Georgetown  as  a  base, 
short  trips  were  made  along  the  coast  and  up  the  various  rivers.  About  2,7(X) 
miles  were  traveled,  mainly  by  steamers  and  launches,  along  the  coast  and 
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on  the  rivers.  A  little  more  than  100  miles  was  accomplished  by  open  boat, 
about  175  miles  by  railway,  and  possibly  50  miles  on  foot. 

C  C.  Stewart,  1910-11, — Mr.  Stewart's  worlc  covered  the  territory  along  the 
Amazon  River  from  its  mouth  to  its  headwaters  in  the  eastern  part  of  Peru, 
between  the  Equator  and  5**  south  latitude,  and  along  the  Madeira  River  to 
Guayara  Mirim,  in  Boli\ia.  Leaving  Manaas.  near  the  Junction  of  the  Rio 
Negro  with  the  Amazon,  on  August  20,  1910,  the  observer  made  a  trip  np  the 
Amazon  River  to  Iquitos,  Peru,  in  a  specially  constructed  launch  shipped  from 
New  Yorij.  During  a  delay  at  Iquitos,  caused  by  necessary  repairs,  a  trip 
was  made  by  means  of  local  boats  on  the  Ueayali  River  and  another  to  Yuri- 
maguas,  on  the  Huallaga  River.  A  few  days  before  a  new  start  was  to  be 
made  in  the  launch  it  unfortunately  was  destroyed  by  fire.  A  canoe  trip  was 
next  made  to  the  Alto  Maranon  during  the  month  of  February,  1911,  Mr. 
Stewart  completing  the  work  assigned  in  eastern  Peru,  after  which  he  returned 
to  Manaos.  Observations  were  next  made  nt  various  points  between  Manaos 
and  the  mouth  of  the  Amazon  River,  and  by  ^lay,  1911,  a  series  of  stations  had 
been  established  almost  completely  across  the  equatorial  part  of  South  Am^ica. 
During  May  to  July  a  trip  was  undertaken  up  the  Madeira  Rivar,  and  various 
stations  were  occupied  along  the  line  of  the  Madeira  and  Mamor§  Railroad, 
which  was  then  under  construction,  as  far  as  Guayara  Mirim.  Mr.  Stewart 
was  at  this  time  compelled  to  leave  the  country,  l>eing  taken  seriously  ill  with 
fever. 

J,  P.  AiUt,  1912.— ^Ir.  Ault,  accompanied  by  Messrs.  D.  MacKenzie  and  H.  R. 
Schmitt,  reached  Lima,  Peru,  on  April  15,  1912.  After  two  weeks  spent  in 
preparations,  Mr.  MacKenzie  left  Lima  for  Antofagasta  and  La  Paz,  making 
magnetic  observations  at  five  stations  en  route.  In  the  meanwhile  arrange- 
ments were  being  made  for  the  trip  by  Mr.  Schmitt  to  Masisea,  on  the 
Ueayali  River.  (For  an  account  of  Mr.  Schmitt's  work  see  below.)  Mr.  Ault 
proceeded  from  Lima  to  La  Paz.  During  June  and  July  he  occupied  seven 
stations  on  the  railway  lines  of  Bolivia  and  then  left  La  Paz  for  Mollendo, 
where  he  met  Mr.  A.  D.  Power,  who  was  assigned  to  his  party.  Messrs.  Ault 
and  Power  together  made  magnetic  observations  at  the  Arequlpa  Observatory 
of  the  Harvard  Astronomical  Observatory.  On  August  1  they  proceeded  to 
Mollendo  and  thence  to  Chala,  at  both  of  which  places  magnetic  stations  were 
established.  From  Chala  Mr.  Ault  proceeded  to  Lima,  leaving  Mr.  Power  to 
continue  the  work  which  had  been  assigned  to  him  in  Peru.  (An  account  of 
Mr.  Power's  work  is  given  later.)  After  completing  all  arrangements  for  the 
continuation  of  the  work  In  Peru,  Mr.  Ault  sailed  from  Lima  for  New  York 
on  August  20,  1912. 

H.  R.  Schmitt,  i.9i2-i5.— During  May  to  August,  1912,  Mr.  Schmitt  made  the 
trip  from  Tarma,  Peru,  northeastward  to  the  Ueayali  River,  by  muleback  and 
canoe,  thus  connecting  with  Mr.  Stewart's  work  at  Masisea,  and  completing  the 
series  of  stations  across  equatorial  South  America.  From  September,  1912,  to 
January,  1913,  a  line  of  stations  was  established,  beginning  at  Matucana,  about 
halfway  between  Lima  and  Tarma,  in  a  general  southeasterly  direction  to  La 
Paz,  Bolivia.  From  La  Paz,  magnetic  observations  were  made  at  various  sta- 
tions along  the  railroad  to  l^Iollendo,  Peru.  A  large  part  of  the  travel  had  to 
be  done  by  muleback,  until  the  party's  arrival  at  Cuzco,  where  the  railroad 
oould  be  followed.  During  January  to  March,  1913.  Mr.  Schmitt  carried  out 
magnetic  work  in  Chile,  as  Indicated  by  the  following  route:  Arlca,  on  the 
coast,  and  Tacna,  in  the  very  northern  part  of  Chile,  were  the  first  stations. 
From  Arica  to  Valparaiso,  the  Journey  was  made  by  boat,  magnetic  observations 
being  secured  en  route  at  Iqoique  and  Coquimix).    From  Valparaiso  a  series  of 
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magnetic  stations  along  the  railroad  sooth  to  Puerto  Montt  was  established. 
Mr.  Schmitt  was  then  instructed  to  Join  the  magnetic  survey  vessel,  the  Car- 
neffie,  at  Bahla,  Brazil,  and,  accordingly,  left  Puerto  Montt  for  Buenos  Aires 
by  rail,  via  Santiago,  and  thence  by  sea  to  Bahia. 

A,  D.  Power,  1912^19, — Mr.  Power's  actual  field  work  began  at  Mollendo, 
Peru,  and  from  there  he  occupied  the  coast  stations  northward  by  steamer. 
From  Paita,  in  northern  Peru,  it  was  necessary  to  proceed  directly  to  Esmer- 
aldas,  Ecuador,  In  order  to  reach  the  latter  place  in  time  for  the  magnetic  ob- 
so^ations  required  during  the  total  solar  eclipse  of  October  10,  1912,  the  path 
of  totality  of  which  passed  through  Esm^aldas.  From  Bsmeraldas  Mr.  Power 
proceeded  to  Caracas,  Venezuela,  via  Panama.  On  November  15,  1912,  his  mag- 
netic work  in  the  northwestern  part  of  the  State  was  undertaken,  during  which 
one  station  was  occupied  In  Ck>lombia,  Puerto  Villamlzar,  just  across  the  border. 
On  March  28,  1913,  Mr.  Power  left  Caracas  for  Trinidad,  occupying  three  coast 
stations  en  route.  At  Port  of  Spain  the  magnetic  station,  established  by  the 
department  of  terrestrial  magnetism  in  1905,  was  reoccupled,  and  then  all  at- 
tention was  given  to  completing  plans  and  preparations  for  the  trip  up  the 
Orinoco  River  and  down  the  Rio  Negro  to  Manaos,  Brazil.  Next  the  series  of 
magnetic  stations  from  Manaos  northward  through  Brazil  and  British  Guiana 
was  obtained,  the  work  ending  at  Georgetown,  British  Guiana,  on  December  4, 
1913. 

H.  F.  Johnston,  191S. — ^Mr.  Johnston,  after  comparing  the  magnetic  Instru- 
ments used  by  him  with  those  of  the  Brazilian  survey  at  Vassouras,  proceeded 
to  Buenos  Aires.  Comparisons  of  his  Instruments  were  next  secured  with  the 
standards  of  the  Pilar  Magnetic  Observatory.  Various  magnetic  stations  along 
the  railroads  In  Uruguay  were  then  established.  After  leaving  Uruguay  Mr. 
Johnston  made  magnetic  observations  at  stations  northward  on  the  Alto 
ParanA  and  Paraguay  Rivers,  completing  his  work  at  CorumbA,  Brazil. 

A.  D.  Power,  1914.— Mr.  Power  started  his  1914  magnetic  work  at  Caracas, 
Venezuela,  proceeding  thence  southward  to  the  junction  of  the  Orinoco  and 
Meta  Rivers  and  then  westward  on  the  Meta  River  through  Colombia  to  Bo- 
gota. From  Bogota  the  trip  southward  was  made  to  the  Putumayo  River  and 
then  down  this  stream  to  Its  junction  with  the  Amazon.  The  river  travel  on 
the  A  pure,  Orinoco,  and  Meta  Rivers  was  by  canoe,  and  on  the  Putumayo  by 
canoe  and  launch. 

H.  R,  SchmUt,  iP/^.— Mr.  Schmitt  began  hU  expedition  of  1914  at  Arlca, 
Chile,  making  magnetic  observations  en  route  at  Lima  and  MoUendo,  Peru. 
Prom  Arica  he  proceeded  by  rail  to  La  Paz,  Bolivia,  and  thence  east,  estab- 
lishing a  series  of  stations  to  the  Paraguay  River  at  Corumba,  Brazil.  The 
part  of  the  journey,  from  Cochabamba  to  Corumba,  was  made  by  mules.  Mr. 
Sdunltt  next  weskt  up  the  Paraguay  River  by  launch,  thaice  across  to  Bfatto 
Grosso  by  mules,  and  then  by  boat  down  the  Guapore  to  Guayara  Mlrlm.  The 
journey  was  continued  by  railroad  to  Porto  Velho,  thence  by  launch  to  Manaos, 
where  the  work  was  closed. 

D.  W,  Berky,  1915. — ^Mr.  Berky  started  from  Rio  de  Janeiro,  after  securing  an 
Intercomparlson  of  his  magnetic  instruments  with  the  standards  at  the  Vas- 
souras Magnetic  Observatory.  He  proceeded  by  rail  to  Catalfto.  From  here 
a  series  of  magnetic  stations  northward  to  Para  was  established,  the  observer 
going  overland  by  pack  animals  to  the  Araguaya  River,  and  then  down  this 
river  with  Sefior  Luis  Antonio  da  Cruz,  a  rubber  trader.  In  his  well-manned 
barge,  to  Alcobaca.    The  journey  to  Para  was  continued  by  river  steamer. 

MiMceUaneoM%  oftterrafiotw.— Besides  the  land  expeditions,  the  work  of  which 
has  just  been  described,  magnetic  observations  were  made  in  1908  at  CaUai>. 
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Fern,  by  the  Oalilee  obseryers,  and  at  Para,  Rio  de  Janeiro,  Buenos  Aires, 
Ooronel,  Bahia,  and  Pernambuco  by  the  Carnegie  observers,  1910-13.  The  mag- 
netic elements  were  also  observed  on  various  islands  and  at  sea  on  board  the 
magnetic  survey  vessels,  the  OaWee  and  the  Carnegie,  Comparisons  of  mag- 
netic instruments  were  also  obtained  at  Pilar  by  the  Carnegie  observers  lu 
1911.  Numerous  magnetic  observations  at  sea,  in  the  Atlantic  and  the  Pacific 
Oceans,  have  been  made  on  the  Oalilee  and  the  Carnegie^  1908-1915.  The  tracks 
of  these  vessels  are  shown  on  the  map. 

The  Chairman.  Dr.  Bauer's  paper  is  open  for  discussion.  Have 
you  any  inquiries  to  make? 

Father  Sarasola.  I  wish  to  ask  whether  there  has  been  any  change 
observed  of  late  in  the  magnetic  pole? 

Mr.  Bauer.  The  changes  that  are  going  on  in  the  northern  part 
of  South  America  would  be  equivalent  to  a  motion  of  the  north 
magnetic  pole  south.  In  brief,  the  equivalent  magnetic  pole  appears 
going  south.  The  change  in  the  compass  direction  being  to  the 
west,  it  would  indicate  that  the  motion  of  the  north  magnetic  pole 
would  be  somewhat  in  a  southwesterly  direction,  but  just  how  much 
that  motion  is,  and  just  what  the  extent  of  it  is,  and  the  final  direc- 
tion, can  only  be  determined  by  a  consideration  of  all  of  the  observa- 
tions in  South  America  as  well  as  in  other  parts  of  the  earth. 

Father  Sarasola.  Those  changes  are  only  deduced  from  the  other 
evidences,  but  not  by  direct  observation. 

Mr.  Bauer.  Unfortunately  not.  The  poles  are  in  an  inaccessible 
region.  The  only  work  done  in  that  direction  has  been  by  a  member 
of  an  Arctic  exploration  party,  who  died  before  the  expedition  re- 
turned, so  that  up  to  date  the  results  are  not  yet  known. 

Mr.  MicHELSON.  I  should  like  to  ask  Mr.  Bauer  if  there  are  any 
corresponding  indications  as  to  changes  away  from  the  continent? 

Mr.  Bauer.  In  this  part  of  the  North  Atlantic  Ocean  the  observa- 
tions of  the  Carnegie  indicate  a  change  in  the  compass  direction  of 
about  12  minutes.  At  the  mouth  of  the  Amazon  at  Para  it  is  about 
15  or  16  minutes.  At  Pernambuco  at  the  present  time  it  is  about  16, 
17,  or  18  minutes.  The  largest  change  is  in  the  region  between  the 
mouth  of  the  Amazon  and  the  extreme  end  of  Brazil.  As  you  go 
north  it  diminishes  to  about  10, 11,  or  12  minutes. 

Mr.  Husset.  Has  it  been  determined  on  the  west  coast  of  South 
America? 

Mr.  Bauer.  In  Colombia  the  compass  direction  change  is  about 
8,  4,  or  5  minutes.  In  Ecuador  it  passes  through  zera  Through 
Peru  at  the  present  time  it  is  from  3  to  4  minutes;  through  Chile  it 
is  about  4  or  5  minutes;  toward  the  Argentine  it  is  about  4  minutes. 
All  over  the  entire  South  American  Continent  the  changes  are  in  one 
direction,  although  the  amount  is  different.  Of  course,  it  will  vary 
considerably. 
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Father  Tondorf.  I  would  like  to  ask  if  it  is  reasonable  to  suppose 
that  earthquakes  produce  any  effect  on  these  magnetic  changes? 

Mr.  Bauer.  If  there  were  any  change,  it  would  be  of  a  very  minor 
character.  Fortunately  we  started  out  on  our  ocean  work  from  San 
Francisco  in  1905  and  made  an  extensive  series  of  observations  on 
islands  at  various  points  around  San  Francisco.  I  believe  the  earth- 
quake there  occurred  in  1906.  So  in  1907  I  sent  out  observers  to 
locate  these  same  stations  in  the  vicinity  of  San  Francisco.  The 
various  magnetic  elements  were  determined,  the  declination,  dip,  and 
intensity,  and  only  trifling  changes  occurred  between  1905  and  1907, 
and  they  could  be  explained  by  secula  rchanges,  and  would  not  have 
to  be  referred  at  all  to  the  earthquake.  I  am  inclined  to  think  that  the 
much-quoted  observation  of  Himiboldt  was  probably  the  result  of 
secular  changes.  It  is  not  impossible  that  there  might  have  been 
some  slight  change,  but  it  was  of  a  very  minor  order. 

Father  Tondorf.  In  some  work  which  I  have  been  carrying  on  in 
Africa  I  have  been  looking  up  the  earlier  history  of  the  geology  of 
Africa,  and  we  have  not  found  a  single  authenticated  record  of  an 
earthquake  of  any  importance  in  Africa.  Not  only  that,  but  we  can 
find  very  little  evidence  of  anything  like  volcanic  origin. 

Mr.  Bauer.  The  magnetic  changes  that  are  occurring  in  South 
America  are  also  occurring  in  the  African  Continent 

Father  Tondorp.  Exactly  so. 

Mr.  Bauer.  That  is  a  very  interesting  question. 

Father  Tondorf.  I  should  like  to  see  that  discussed,  because  I 
have  not  seen  any  record  of  their  having  earthquakes  and  no  mani- 
festations of  volcanic  action.    I  think  there  is  one  volcano  in  Africa. 

Mr.  Bauer.  Of  course,  there  has  been  volcanic  action  in  that  part 
of  the  world. 

Father  Tondorf.  Boundabout,  but  not  there. 

The  Chairman.  Are  there  any  further  remarks  on  this  presenta- 
tion? I  think  it  should  be  said  that  the  ultimate  object  of  the  in- 
vestigations to  which  Dr.  Bauer  has  devoted  his  life  are  not  so  much 
to  get  measurements  and  other  results  which  may  be  useful  to  navi- 
gation or  to  surveying,  as  to  find  out  why  the  earth  is  magnetic  at 
alL  Why  should  the  earth  be  magnetic?  May  there  not  come  a  time 
when  it  will  become  nonmagnetic?  I  hope  tiiat  the  vast  accumula- 
tion of  accurately  observed  data  may  enable  us,  or  more  likely  our 
successors,  to  answer  that  question. 

It  may  be  interesting  to  note  in  this  connection  that  the  solar 
observatory  in  southern  California  has  recently  discovered  that 
the  sun  is  a  nonmagnetic  body.  That  observatory  is  now  at  work 
trying  to  determine,  or  to  make,  a  magnetic  survey  of  the  face  of 
the  sun.    Concerning  that  matter  our  colleague,  Prof.  Seares,  will 
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have  something  to  say  when  he  gives  his  illustrated  paper  in  the 
course  of  a  day  or  two. 

Mr.  Solon  I.  Bailey  will  now  read  the  paper  of  Julio  S.  Boletti  on 
"  Topographic  triangulations  of  the  right  margin  of  the  Yaguaron 
and  Yaguaron  Chico  Rivers  and  the  Arroyo  de  la  Mina.^' 


TRIAN6ULAC16N  topogrAfica  de  la  margen  dbrecha  db 

LOS  RfOS  YAGUAR6N,  TAGUAR6N  CHICO  Y  ARROYO  DE  LA 
MINA. 

Por  JULIO  A.  ROLBTTI, 
Ofloiai  Capitdn  del  Servido  Geogrdfloo  del  Bttado  Mayor  General  del  Bj&roUo 

de  Uruguay. 

ANTBCEDENTB8. 

A  fines  del  afio  1913,  la  Comisi6n  Demarcadora  de  los  Lfmites  con  el  Brasil« 
debfa  efectuar  el  relevamiento  de  ia  margen  derecha  de  los  rfos  Yagiiar6n, 
Yaguar6n  Chico  y  Arroyo  de  la  Mina,  todo  en  una  eitensi6n  de  240  kil6metro8 
aproximadamente. — ^No  existfa  triangulacl6n  geod^sica  sobre  la  cual  hubieae 
sido  posible  apoyar  aquel  trabajo,  ni  tampoco,  por  razones  varias,  era  poeible 
construirla ;  esta  circunstancia  Implicaba  por  consiguiente,  una  seria  desventaja 
tunica  pues,  como  es  bien  sabido,  la  ejecuci6n  de  un  relevamiento  topogrftflco 
de  gran  extensi6n  no  puede  llevarse  a  cabo  con  la  debida  exactitud,  si  41  no  se 
apoya  sobre  puntos  coya  posidto  relativa  haya  sido  preTiamente  determinada 
con  suflciente  precision. 

El  Sefior  Comisario  de  Lfmites  saly6  entonces  esa  diflcultad  recorriendo  a 
una  cadena  de  tri&ngulos,  constmidos  por  medio  de  m^todos  y  aparatos  topo- 
grdflcos,  que  partiendo  del  lado  T.  O. — ^P61vora,  perteneciente  a  la  triangulacldn 
geod^ica  intemacional  de  la  Laguna  Merfn,  debfa  Uegar  extendi^ndose  a  lo 
largo  de  las  corrientes  de  agua  ya  nombradas,  hasta  las  sierras  de  Acegud, 
donde  se  encuentra  el  punto  terminal  de  la  frontera  con  el  Brasil,  rectificada 
por  el  tratado  de  1909. 

El  14  de  noviembre  de  1913  el  Jefe  de  la  Comisi6n  de  Lfmites  me  encomendd 
la  ejecuci6n  de  aquel  trabajo. — ^Bl  Sefior  Tenlente  Don  Eduardo  F.  Zubfa 
con  el  personal  y  material  neoesario  fueron  puestos  a  mis  6rdene8. 

Debo,  de  paso,  hacer  constar  que  ese  sefior  Oficial,  durante  un  tiempo  en  el 
cual,  por  razones  del  seryicio,  estuve  ausente  de  la  zona  de  trabajo,  continu6 
41  solo,  hasta  mi  vuelta,  en  la  ejecuci6n  de  los  trabajos  a  mi  cargo. 

Para  la  construcci6n  de  la  triangulaci6n  topogrdfica,  el  tSnico  aparato  de 
que  se  podfa  disponer  era  un  teodollto  "  Stanley,"  de  graduaci6n  centesimal  y 
apreciaci6n  directa  de  1'  solamente. 

Una  vez  terminado  el  bosquejo  del  trabajo  por  realizarse,  conclufdos  los 
c&lculos  preliminares  y  organizado  el  personal  y  material  que  habfa  de  ser 
utilizado,  se  inici6  la  triangulaci6n  dos  dfas  despu4s  de  la  fecha  indicada. 

IX>NGITUD   DE  LOS  LADOS. 

Hasta  enero  de  1914,  el  relevamiento  de  la  margen  uruguaya  del  Rio  Tagua- 
r6n  se  hizo  por  el  m^todo  de  intersecciones  apoyadas  directamente  sobre  los 
lados  de  la  triangu1aci6n  topogrilflca.  Esta  circunstancia  iropuso  la  necesidad 
de  construir  triftngulos  cuya  magnitud  no  podfa  exceder,  ^n  general,  de  2,500 
metros  t^rmino  medio. 
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A  mediados  de  enero  del  mismo  afio,  vistas  las  dlflcultades  opuestas  por  la 
natoraleza  del  terreno  y  a  fin  de  Imprimlr  mayor  rapldez  a  los  trabajoe,  el 
Sdku:  Gomisario  de  Lfmites  dispuso  la  organizaci6D  de  otra  brigada  topogr^ca 
oicargada  exclaslvamente  de  relevar,  por  el  m^todo  de  poligonales,  la  margen 
nmgaaya  del  rfo.  Entonces,  por  lo  que  se  reflere  a  la  longitud  de  los  lados,  de 
los  triAngolos  86I0  se  tmro  en  capita : 

Iro.  La  clase  de  aparato  utilizado. 

2da  La  conveniencla  de  fijar  los  vertices,  de  los  tri&ngulos,  de  modo  tal,  que 
las  pollgonales  topogrdficas  tnviesen  comprobaci6D  cada  6,000  metres,  t^rmino 
medio. 


Estas  doB  circunstancias  p^mitieron  elevar  la  magnitnd  de  los  lados  de  los 
trl&ngnlos  hasta  5,000  metres  aprozimadamente. 

MEDIDA  DE  ilVOULOS. 

Desde  Inego  consider^  que  el  ^xito  de  los  trabajos  resldfa  prlncipalmente  en 
la  medida  de  los  &ngulos.  Fueron  por  consiguiente  adoptadas,  a  este  respecto, 
las  mayores  precauciones. 

Tailendo  en  cuenta  que  la  preclsi6n,  en  lo  que  se  reflere  a  la  ublcaci6n  de  los 
vertices,  debfa  ser  superior  a  la  de   yrtrnji  adoptada  para  las  poligonales  topo- 
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grdficas,  y  en  ateDci6n  a  la  apreciacl6n  del  aparato,  fll^  para  aqu^lla,  como 
iiifnimum,  la  de  tit     • 

Yeamos  cadi  68  el  error  de  cierre  que  corresponde  a  esa  predsidn. 

SupoDgamos  que  en  la  medida  del  dngulo  B.  A.  C.  (figura  1)  se  ha  cometido 
un  error  (e). 

Oonsideremos  los  tridngulos  ABD,  DBB"yABM*y  supues1«)8 
semejantes  los  dos  liltlmos  tendremos : 


si  hacemos: 

y  despejando  se  obtiene: 


db'^am  w 

DB''=aG 


AC^DB 


BM 


nr 

Figura  J. 

Pero  del  tridngulo  A  B  D  se  deduce: 

BD^AB  sen  e^Ceene 

sustituyendo  en  la  anterior  tendremos: 

BM 
AC—C8en«^[g 

En  la  forma  equildtera: 


BM 
AM' 
de  modo  que  de  la  (a)  obtendremos: 
AC 


a.73 


-^— error  relativo=1.73  sen  e 


» Tratado  de  Topografla  Moderna  por  el  Ingenlero  Hilarl6D  Ruiz  Aroado.     Tomo  II. 
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7  haciendo: 

^"iO^'  10:000^  1.73-8en  e    (d) 

De  la  que  se  deduce: 

«=0«0037^^04 

Sustltnyendo  en  {a) ,  ^wtvvvVOt ^^v^^^t  el  valor  obtenldo  para  (e)  es:  18"  52. 

Quiere  feto  decir  que  para  obtener  la  precisl6n  de  urivv.  el  error  de  elerre 
en  I08  trifingulos,  no  debe  exceder  de  1',  11",  12  y  55",  56  para  loe  de  rnhw^- 

La  fdrmula  que  para  obtener  el  error  temible  en  la  medida  angular,  pro- 
porciona  la  teorfa  de  los  mfnlmos  cuadrados  es,  como  se  sabe : 

Vn 

en  la   que  p=apreciaci<5n  del  aparato,  N=nihnero  de  medidas,  y  e=error 
temible 

Como  ya  qued6  expresado,  el  teodolito  que  se  utillz6  aprecia  dlrectamente 
1';  recoiTiendo  al  t^rmino  medio  de  los  doe  nonius*  la  apreciaci<5n,  para  una 
sola  medida,  puede  juzgarse  en  50".  Midiendo  en  consecuencia,  cada  6nguIo 
cuatro  veces  y  efectuando  ocho  lecturas,  el  error  temible  para  cada  &ngulo 
serd: 

cantidad  6sta,  como  se  y^  inferior  a  la  necesaria  para  obtener  la  preci8i6n 

Me  propuae,  por  consigulente,  medlr  cada  dngulo  cuatro  veces,  las  dos 
primeras  por  el  m^todo  de  repetlci6n  y  las  dos  liltlmas  por  el  de  reiteraci6n. 
invlrtiendo  prevlamente  el  anteojo.  Para  mayor  seguridad,  al  efectuar  la 
segunda  medida,  partfa  de  orfgenes  distintos. 

Fueron  adoptadas  asimlsmo  todas  las  precauciones  i)osibles  en  lo  que  se 
refiere  a  puesta  en  estaci6n  del  aparato,  punterfa,  sefiales,  etc. 

El  resultado  obtenido  fu^  superior  al  previsto;  de  los  62  tri&ngulos  cons- 
truldos,  en  52  el  error  de  cierre  fu^  inferior  a  55"  56,  es  decir,  inferior  al 
mdximo  admislble  para  obtener  la  precision  de  Trr^rnr* 

E^  los  diez  tridngulos  restantes  el  error  de  cierre  fu4  siempre  inferior  a  1' 
U",  12,  lo  que  quiere  decir  que  los  vertices  fueron  siempre  fijados  con  una 
predsidn  superior  a  la  de  -nriinr*  Convlene  decir  con  respecto  a  estos  tUtimos 
diez  trlAngulos,  que  ocho  de  ellos  estdn  ubicados  en  la  i!iltima  parte  de  la 
cadena :  f^cil  es  comprender  que  a  pesar  de  todas  las  precauciones  adoptadas, 
al  llegar  al  final  de  los  trabajos,  el  teodolito  utilizado,  debido  a  la  clase  de 
metal  de  que  casi  todo  ^1  est&  construido  y  a  la  necesidad  de  transportarlo 
diariamente,  durante  m&s  de  seis  meses,  por  terrenes  sumamente  accidentados, 
debCa  sufrir  alteraciones  capaces  de  influir  poderosamente  en  la  precisl6n  de 
las  medidas  angulares. 

Veamos  abora  el  error  temible,  en  el  extreme  de  la  cadena  dado  por  la 
f6rmula : 


^WnO'+^-O    ^"^  ^'^ 


En  esta,  a=largo  del  lado  de  un  trldngulo ; 
n=ndmero  de  trlAngulos=62 ; 
P=precisi6ri  del  lado  de  partida; 
a^^precisidn  del  teodolito  utilizado. 
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Gomo  valor  de  (a),  adoptaremos  la  longitud  medlda  de  los  lados  de  los 
tri&ngulos,  pertenecientes  a  la  cadena  de  que  aquf  se  txata,  la  que  es  de  8,d72 
metros. 

La  precisi6n  del  lado  de  partida,  por  ser  este  un  lado  de  la  triangulacidn 
geod^ica  Internacional  de  (1)  Triaugulaci6n  del  Territorio  de  la  Reptiblica 
T.  I.  Obra  publlcada  por  el  Ministerio  de  Obras  Piibllcas  y  bajo  la  dlrecei6n 
del  Comandante  Pablo  Gros,  la  Loguna  Merln  es  de  T^T^Snnr»  como  mfnlmum. 

El  valor  a  lo  dednciremos  del  clerre  medio  de  los  tri&ngulos,  obtenido  con 
el  teodolito  Stanley;  el  cual  fu6  31",  98  lo  que  Implica  un  error  medio  x  a 
temerse  en  cada  &ngulo,  dado  por  la  f6rmula : 

forzando  la  primera  cifra  decimal,  de  donde : 

X=18",  49 
Tomando  a : 

X=18" 
y  siendo: 

tendremos : 

18t_ 

"*  ""2.000.000 
Sustituyendo  en  la  formula  (a),  las  letras  por  sus  valores  se  obtlene: 

Como  la  extensi6n  de  la  cadena  de  tridngulos  es  de  140  kll6metros,  la  precision 
serA  entonces : 

4.18  1 

140.000"*33.492 

Medida  de  la  base  de  comprobacidn  de  acegud, — En  las  sierra  de  acega&  es 
decir  pr6ximo  al  extremo  de  la  cadena,  fu^  medida  una  base  de  comprobacidn 
y  al  efecto  se  utilize  una  clnta  de  acero  y  un  doble  decimetro,  previamente  con- 
trastados  en  la  Oficina  de  Pesas  y  Medidas  de  Montevideo. 

La  base  fu^  medida  dos  veces  y  en  condiciones  siempre  desfavorables  dada 
la  naturaleza  del  terreno  el  que  ademds  de  estar  cubierto  por  on  ea^^BO  chircal, 
es  de  sierra. 

El  resultado  fu^  el  siguiente  : 

Medida  de  1 59^|-{W|»881  mtr.  369 
Medida  de  |W|-|  69 1=880  mtr.  879 

Discordancia= 0  mtr.  480  m.  m. 

A  lo  que  corresponde  la  siguiente  precision : 

0.49         1 
88l72''2643 
La    longitud   de   la   base   de   Acegud,   obtenida   por   la    medida 

directa  es  de: 881  mtr.  124 

La  dada  por  el  c&lculo  de  la  cadena  es  de 881  mtr.  820 

Discordancia : 0  mtr.  096  m.  m. 

Por  consiguiente  el  error  m&ximo  a  temerse  en  el  desarrollo  de  la  cadena  serA : 

0.696 
e=-7|^  =0.492 
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OoDsideremos  la  discordancia  hallada  y  apUquemos  el  m^todo  seguido  por  el 
Ingeniero  Raiz  Amado  en  sa  obra  ya  citada,  Tomo  II. 

La  suma  de  los  ladoe  de  la  triangalacl6n,  que  formando  una  cadena  poligonal, 
nnen  el  v^rtice  T.  O.  eztremo  de  la  base  geod^ca  de  Rfo  Branco,  de  la  que, 
como  ya  qued<5  expresado,  se  partl<5,  con  el  eztremo  de  la  base  de  AceguA, 
66  poco  m^B  de  140,000  metros;  por  medio  del  sigulente  c&lculo  sendllo  obten- 
dremos  la  precisi6n  a  que  conducen  aquellos  resultados : 

140,000: 0.696:   :  100,000:  x,  la  coal  da  0  mtr.  40  por  100,000. 

En  cnanto  al  resto  de  las  operadones  y  cdlculos,  en  especial,  aquellos  ligados 
a  las  observaciones  astron6micas,  no  se  exponen  aqui,  por  no  haber  sido  adn 
terminados.  * 

C0NCLU8I0NE8  : 

A  primera  vista  parecerfa  que  este  trabalo,  por  no  revestir  un  car&cter  pura« 
mente  geod^ico,  no  tiene  cabida  en  la  Secci6n  II  del  Segundo  Oongreso 
Oientffico  Panamericano.  Pero  como  muy  blen  lo  dice  el  Ingeniero  Eduardo 
Icoangeli  en  su  obra  "  Triangolazionl  Topografiche  e  Triangolazioni  Oatastali," 
las  triangulaciones  puramente  topogrdficas,  no  constituyen  otra  cosa  que  una 
continuaci6n  de  las  geod^cas  y  ocupan,  dentro  de  las  categorfas  en  que  ^stas 
se  dividen,  los  tiltimos  drdenes. 

Dada  la  extensi6n  de  la  zona  abarcada  por  la  triangulaci6n  topogr^ca 
de  que  aqui  se  habla,  eran  de  e^;>erarse  resultados  muy  inferiores  a  los 
obtenidos,  m&xime  si  se  tiene  en  cuenta  la  poca  apreciaci6n  del  aparato 
utilizado.  Sin  embargo,  teniendo  en  cuenta  la  precisi6n  alcanzada,  no  serfa 
aventurado  establecer  que  en  aquellos  casos  en  que  no  sea  posible  recurrir 
a  otros  medios,  puede  tenerse  sufldente  comprobaddn  para  los  trabalos  de 
releyami^itos  topogr&flcos,  si  se  les  apoya  en  trianguladones  topogr&flcas, 
aunque  ^ataa  ocupen  una  eztensa  zona  y  sus  &ngulos  hayan  sido  medidos 
con  ai>aratos  de  no  muy  grande  precisi6n,  pero  siempre  que  en  la  medida 
angular,  prindpalmente,  se  apele  a  las  mayores  precaudones. 

The  Chairman.  If  there  are  no  other  questions  to  be  raised,  this 
subsection  will  stand  adjourned  until  9.30  to-morrow  morning,  and 
the  subsection  on  meteorology  and  seismology  will  meet  in  this 
nxHn  at  2.30  p.  m.,  under  the  presidency  of  Prof.  Marvin. 
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FIRST  MEETING  OF  SUBSECTION  B,  METEOROLOGY  AND 
SEISMOLOGY,  OF  SECTION  IL 

Cabneoie  Instttdtion, 
Tueaday  afternoon^  December  28^  1916. 

Chairman  Chabi^es  F.  Mabvik. 

The  seesion  was  called  to  order  at  2^30  o'clock  by  the  chairman. 

The  Chaibman.  Before  beginning  our  program  I  should  like 
to  make  a  few  remarks.  In  the  first  place  I  feel  that  it  is  hardly  pos- 
sible for  me  adequately  to  do  honor  to  the  opportunities  and  re- 
sponsibilities that  are  placed  upon  me  as  chairman  of  this  subsection, 
but  I  bid  you  a  hearty  welcome  on  behalf  of  the  Weather  Bureau 
and  those  of  Washington  interested  in  meteorology  and  seismology. 

I  confidently  believe  that  the  discussions  and  deliberations  upon 
which  we  are  about  to  enter  will  be  productive  of  great  good  in  the 
development,  advancement,  and  extension  of  the  branches  of  science 
comprised  in  this  subsection.  Neither  meteorology  nor  seismology 
can  be  adequately  and  properly  studied  within  the  confines  of  any 
single  country  or  nation,  even  though  its  territory  be  of  very  great 
extent.  International  cooperation  and  coordination  of  effort  are 
necessary  to  accomplish  the  greatest  results.  A  start  in  this  direc- 
tion was  made  many  years  ago  by  the  United  States  Weather  Bureau, 
when,  in  1873,  Gen.  Myer,  the  chief  signal  officer,  secured  the  ap- 
proval of  the  International  Meteorological  Congress,  then  meeting 
at  Vienna,  of  his  scheme  of  international  simultaneous  observations. 
More  than  a  year  was  consumed  in  fully  organizing  the  work,  and 
as  a  result  the  Signal  Service  on  January  1,  1875,  began  to  publish 
its  bulletin  of  simultaneous  meteorological  observations.  All  reports 
for  this  publication  were  forwarded  by  the  slow  process  of  mail, 
and  the  bulletins  were  necessarily  long  delayed  in  their  preparation 
and  issue. 

On  January  1, 1914,  the  United  States  Weather  Bureau  began  the 
issue  of  a  daily  weather  map  of  the  Northern  Hemisphere,  based 
upon  observations  collected  by  telegraph  and  cable.  In  addition  to 
reports  from  all  the  North  American  stations,  reports  were  also 
available  from  a  comparatively  large  number  of  stations  scattered 
over  the  northern  half  of  the  Eastern  Hemisphere. 

I  have  placed  on  this  board  for  those  who  care  to  examine  them 
more  carefully  and  are  not  familiar  with  them,  a  sample  of  one  of 
34 
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maps.  One  of  its  faces  presents  a  chart  of  the  meteorological 
ccmditions  of  the  United  States.  On  the  reverse  we  have  a  weather 
map  for  the  Northern  Hemisphere.  These,  as  I  said,  began  to  be 
issaed  on  January  1, 1914.  Unfortunately  this  publication  was  ter- 
minated promptly  at  the  opening  of  European  hostilities. 

I  think  it  is  very  interesting  from  a  scientific  viewpoint  to  consider 
the  manner  in  which  this  chart  is  made  up.  The  temperature  dis- 
tribution is  represented  on  the  absolute  scale  of  temperature,  and 
the  pressure  distribution  is  shown  on  the  dynamic  scale,  in  C.  G.  S. 
units  or  millibars.  The  Weather  Bureau  is  prepared,  and  fully  in- 
tends, to  resume  the  publication  of  this  great  aid  to  scientific  meteor- 
^1<>S7  j^i^  <^  soon  as  the  conditicms  of  peace  among  the  warring 
nations  of  Europe  will  permit  the  exchange  of  meteorological  reports. 
In  the  meantime  a  great  need  exists  and  a  great  opportimity  offers 
for  the  extension  of  meteorological  services  southward  in  the  West- 
em  Hemisphere  and  the  organizaticm  of  such  services,  so  as  to 
include  all  Central  and  South  America.  May  we  not  hopefully  lock 
forward  to  the  time  when  the  whole  Western  Hemisphere  shall  be 
covered  with  a  comprehensive  network  of  meteorological  stations 
and  that  practicable  means  may  be  found  whereby  ships  at  sea  and 
plying  coastal  waters  may  regularly  report  by  wireless  and  otherwise 
the  elements  of  the  meteorological  conditions  they  experience. 

The  rapid  and  marvelous  development  of  wireless  agencies  of 
intercommunication  brings  the  day  nearer  and  nearer  at  hand  when 
the  hopes  of  the  meteorologist  may  be  realized  and  when  he  may  have 
before  him  day  by  day  weather  maps  showing  the  atmospheric  con- 
ditions over  the  whole  globe.  Then,  indeed,  can  the  great  and  smaU 
features  of  the  whole  problem  of  atmospheric  circulation  be  ade- 
quately studied  and  analyzed.  All  this,  perhaps,  is  highly  visionary, 
but  is  nevertheless  certain  to  come.  In  the  meantime,  as  yet  unoccu- 
pied land  areas  must  be  dotted  with  stations  equipped  to  observe  and 
report  meteorological  conditions  according  to  a  standard  system. 

In  discussing  these  matters  only  a  few  days  since  with  the  hon- 
orable the  Secretary  of  Agriculture,  he  pointed  out  the  opportunity 
afforded  by  this  congress  of  proposing  coordination  of  effort  among 
the  nations  south  of  the  Equator  to  accomplish  by  international 
cooperation  what  the  United  States  Weather  Bureau  has  been  able 
to  do  for  the  Northern  Hemisphere,  namely,  undertake  the  issue  of 
daily  weather  maps  of  the  Southern  Hemisphere.  This,  again,  may 
seem  visionary  and  a  long  look  into  the  future,  but  I  venture  to 
propose  it  nevertheless.  World  meteorology  is  by  no  means  a  new 
idea.  It  is  a  lofty  goal  to  keep  before  us,  and  while  its  attainment 
is  beset  with  serious  difficulties  these  can  be  overcome  in  time.  The 
result  is  not  one  that  can  be  reached  in  one  great  effort,  but  rather  by 
a  steady  and  legitimate  growth.    The  beginning  must  be  made  by 
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the  complete  organization  of  a  meteorological  service  in  each  comitry 
or  republic  throughout  all  the  Americas.  It  should  be  a  matter  of 
pride  for  each  nation  to  have  its  own  well-organized  service.  When 
meteorological  statipns  are  numerous  and  widely  distributed,  the  col- 
lection of  daily  telegraphic  reports  from  a  continent  or  a  hemisphere 
is  little  more  than  a  question  of  cooperation  and  costs. 

Assuming  that  the  Weather  Bureau  wiU  resume  the  publication 
of  the  weather  map  of  the  Northern  Hemisphere,  can  not  this  con- 
gress strongly  recommend  that  meteorology  be  centralized  in  South 
America  by  some  appropriate  international  cooperation  and  agree- 
ment that  will  find  expression  in  a  daily  weather  map  of  South 
America,  for  example?  Is  not  this  a  first  essential  step  toward  the 
realization  of  the  world  meteorology  that  seems  so  desirable? 

I  can  not  occupy  your  time  now  to  enlarge  upon  this  theme  or 
to  enter  into  a  discussion  of  its  obvious  features.  What  is  desired  is, 
first,  the  establishment  of  well-organized  meteorological  services  in 
every  country  in  the  Western  Hemisphere.  Many  such  services 
now  exist;  others  should  be  created.  Second,  some  scheme  of  inter- 
national cooperation  should  be  worked  out  whereby  portions  of  the 
work  at  least  could  be  centralized  and  coordinated  so  as  to  provide 
for  the  issue  of  daily  weather  maps  for  South  America,  for  example, 
and  accomplish  other  desirable  results  that  can  be  brought  about 
only  by  friendly  cooperation. 

I  think  the  theme  that  has  been  so  prominent  in  the  discussion 
before  the  congress  thus  far,  of  highly  cordial  and  friendly  coopera- 
tion, is  one  that  affords  the  only  opportunity  of  securing  the  result 
that  we  want  in  the  advancement  of  the  sciences  of  meteorology  and 
seismology.  All  that  has  been  said  in  regard  to  meteorology  may  be 
equally  said  in  regard  to  seismology.  Only  by  international  co- 
operation can  the  desired  results  be  brought  about.  I  offer  these 
thoughts  to  you  at  this  time,  in  the  hope  that  they  may  find  sanie 
adequate  consideration  in  the  later  deliberations  of  the  session. 

The  first  paper  on  the  program,  ^^  Investigations  on  the  prediction 
of  barometric  variations"  is  by  Rev.  Simon  Sarasola,  S.  J.,  director 
of  the  Montserrat  Observatory,  Cienfuegos,  Cuba. 


investigaciones  sobre  la  predica6n  db  las  yarlaaonbs 

barom£tricas. 

Por  SIMdN  sarasola,  S.  J., 
Mrecknr  del  ObiervaUnio  de  MowUerrai,  Onha. 

BI  fundamento  de  todo  prondstico  radonal  del  tiempo  ha  de  ser  la  prevUidn 
de  las  altas  y  balas  presiones.  Mientraa  no  se  conozca  en  ana  regidn  deter- 
minada  so  distribaddn,  cnAl  es  la  forma  de  las  laolNiras,  qu^  variactones  han 
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onoffestado  los  bardmetros  en  derto  espado  de  tiempo,  ser&n  muy  poco  exactoa 
ks  proodfitlcos,  0  por  lo  menos  no  tendr&n  base  adllda.  Que  M»  sea  el  senttr 
d^  los  meteordlogos  nos  lo  dice  el  Dr.  Pernter. 

''SI  Dosotros  conod^ramos  las  leyes  segdn  las  coales  camblan  las  preslones 
de  una  forma  en  otra,  o  cmzan  por  Eunipa,  o  tambi^  las  leyes  que  siguen 
cnandc  se  mantienen  estadonarias,  o  se  transfominn  y  se  presentan  bajo  otro 
aqpecto,  entonces  resolverfaroos  el  problema  del  tiempo  y  los  pron^itlcos  se 
barian  con  altera  certeia.  Procederfamos  con  ezactitud  matemAtlca  y  podrfa- 
iDos  llegar  a  la  perfecd6D  con  que  los  astr6nomoe  predlcen  los  moyimlentos 
de  los  planetas  n  otros  fenAtneoos  celestes.  .  .  .  Hasta  el  presents,  gradas 
a  la  experlenda  adqnirida,  podemos  dedudr  dertas  leyes  empfricas  de  aplica- 
ddn  llmltada,  segdn  las  cuales  los  diversos  tlpos  de  la  dlstrlbnddn  de  las 
preslones  permaneeen  estsdonarios,  camblan,  se  transforman  o  desaparecen. 
Ann  este  conodmlento  empfrlco  se  refiere  a  los  camblos  de  un  d(a  para  otro.** 

"  Siendo  aemejantes  ley^  tan  defectuosas,  la  dlflcultad  de  prever  los  camblos 
de  presldn  es  grande,  y  el  prondstlco  del  tlempo,  aun  para  el  sigulente  dfa,  es 
rriatiyamente  inseguro.  Asl  que,  fund&odose  nuestros  teoremas  ent^ramente 
€B  la  experlenda,  las  personas  m&s  aptas  para  predeclr  serftn  las  que,  por  Uevar 
mucbos  afk)8  de  prftctlca,  ban  reunldo  la  mayor  parte  de  prlndplos  acerca  de  las 
Ykriadones  de  las  preslones  y  ban  aprendido  pr&ctlcamente  las  muebas  modlfl- 
cMiones  a  que  se  ballan  sujetas.  En  los  prondstlcos  de  un  dfa  para  otro,  los 
de  mAs  experlenda  Uegan  a  acertar  m^  del  80%  de  las  predlcdones;  pero 
tratAndoee  de  un  plazo  mayor  que  un  dfa  acerca  de  la  dlstrlbuddn  de  las 
preslones,  las  probabllldades  son  tan  bajas  que  mAs  se  ban  de  esperar  fracases 
que  resultados  satlsfactorlos.** 

Desde  que  se  pronundaron  esas  palabras  ante  la  Asodad6n  para  el  Pro- 
greso  de  las  Glendas  en  Ylena,  el  alio  de  1908,  apenas  ba  babldo  camblo 
notable  en  los  m^todos  de  predlcddn,  sobre  todo,  en  los  Gentros  Ofidales.  La 
<4>ra  de  M.  GuUbert  puede  dedrse  que  es  la  dnlca  que,  funddndose  en  los  mapas 
slndptlcos  del  tiempo,  ba  sefialado  nuevos  derroteros.  No  bablamos  de  otras 
publicadones,  como  THB  SUNSPOT  de  la  UnlTersldad  de  Santa  Clara  en 
Oallfomia,  que  se  funds  en  los  fendmenos  solares. 

Es  verdad  que  se  ban  becbo  tentativas  sobre  la  predlcddn  de  las  varladones 
btrom^trlcas.  En  los  Anales  del  Observatorlo  de  Montserrat  de  Clenfuegos, 
ndm.  1  y  2  indlcamos  algunos  de  esos  estudlos,  como  los  del  Dr.  Exner. 
Dimes  tambi^n  a  conocer  los  perfodos  que  Mr.  Clayton  sefiald  en  el  Amerioam 
JomiuU  of  Soienoe  y  las  condusiones  deduddas  por  el  R.  P.  A.  Rodriguez  de 
Prada,  antiguo  Director  del  Observatorlo  del  Vatlcano,  acerca  de  la  period!- 
ddad  de  las  varladones  barom^tricas. 

Vamos  a  resumlr  nuetras  Investlgadones  sobre  esta  Interesante  cuestldn. 
Hos  fundamos  en  becbos  no  en  teorlas.  El  problema  es  dlffdl,  pero  muy  im- 
portante  para  el  meteor6]ogo  ansloso  de  conocer  de  antemano  qu^  varladones 
podrAn  tener  las  preslones  en  la  atm^Mera.  Nuestro  trabajo  no  es  perfecto,  es 
wdm  blen  un  ensayo,  pero  un  ensayo  que  en  bastantes  ocasiones  nos  ba  dado 
Buy  buenos  resultados. 

La  perlodlddad  de  las  varladones  barom^tricas  se  puede  estudiar  baJo  dos 
sspectos:  (1)  examinando  las  alturas  mAxlmas  y  minlmas  de  las  preslones  en 
detcfminada  localldad,  la  Habana  por  ejemplo,  e  Investlgando  si  realmente 
sdste  una  ley  periodica  para  ese  punto,  por  la  cual  se  pueda  fijar  y  prever  el 
dfa  en  que  ba  de  subir  o  bajar  el  bardmetro.  (2)  TamblAn  se  pueden  estudiar 
lis  varladones  de  la  fwesidn  en  los  mapas  sln^H[>tlcos  del  tiempo,  es  decir,  abar- 
cando  regiones  extensas.  En  las  varladones  bardmetricas  muy  bien  puede 
baber  perfodos,  cuya  exlstenda  no  aparesca  sine  teniendo  en  cuenta  la  forma 
di  las  isobaras,  la  extensldn  del  dddn  o  antldddn,  su  Intensldad  etc 
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Bl  primer  m^todo,  si  bien  tktil  en  nradioa  cases,  puede  ser  oomplicado  ea  las 
regiones  en  que  esas  variadones  son  frecaentes  y  rflpidas.  Asf,  por  elemplo, 
al  B.  7  NB.  del  continente  norteamericano,  a  donde  convergen  los  temporales 
procedentes  del  W.  y  SW.  el  bardmetro  snbe  y  baja  en  el  invierno  con  gran 
n^idez  y  las  ondas  aparecen  mny  complicadas.  No  sncede  asf  de  ordlnario  en 
los  pafses  tropicales,  como  Cuba,  donde  las  oscilaciones  de  la  presidn  son  mfis 
regulares.  Las  ideas  que  vamos  a  exponer  tienen  ppr  fin  sefialar  una  nneva 
mta  para  prev^  con  mucha  antlcipacidn  las  variadones  de  la  presidn  atmos- 
fMca.  No  se  trata  de  predecir  las  Unvias  o  los  cambios  de  temperatora. 
Oomo  decfamos  al  principio,  el  gran  problema  de  la  Meteorologfa  es  conocer 
de  antemano  la  distribuddn  de  las  presiones  y  a  este  fin  diriglmos  nuestras 
investigadones. 

Despots  de  haber  estudiado  lo  que  dicen  Bxner,  Olayton  y  el  P.  Rodrigoss 
acerca  de  las  variadones  barom^tricas  y  haber  analisado  numerosfsimas  ob- 
servadones  de  diversas  regiones,  tanto  de  la  zona  tropical  como  de  altas  latl- 
tadf«,  hemos  dedncido  qne  se  pueden  aprovechar  con  ntilidad  alganas  proposl- 
dones  para  la  preyisldn  de  los  cambios  qne  experiments  la  presi6n  atmosfMca. 
Nob  limitaremos  sobre  todo  en  este  trabajo  a  los  huracanes  de  las  Antillas  e 
Indicaremos  algo  acerca  del  m^todo  isob&rico. 

1.  LoM  pre^UmeM  en  la  atmdMfera  $6  imvierten  periddioamente,  Bl  voUk 
aproximado  del  periodo  eM  de  90  dUi$. 

2.  LoM  depreHoneM,  $ean  profunda*  o  no,  %e  preientan  periddicamente.  La 
tendenda  a  bajar  %e  manifteBta  cada  20  dias.  Clauion  $e9Ma  un  periodo  de 
$eii  a  siete  dias,  Bxner  de  11  y  t2,  y  el  P.  Rodriffueg  de  20.  Bate  iUtimo  no9 
pareoe  md$  prdctico  y  que  da  mejoree  resvltados. 

La  primera  proposiddn  qni^re  dedr  que  si,  por  ejemplo,  el  15  de  Septiembre, 
el  bar6metro  estA  sobre  la  altura  normal  correspondiente  a  ese  mes  en  nna 
localidad,  a  los  80  dlas  aproximadamente,  es  dedr,  el  15  de  Octnbre  estar&  mis 
bajo  que  la  normal  correspondiente.  Hay  alganas  excepdones,  pero  la  £re- 
coencia  con  qne  se  cnmple  esa  proposiddn  es  notable. 

En  la  segnnda  proposiddn  queremos  dar  a  conocer  la  tendenda  del  bar6metro 
a  balar  o  estadonarse,  qne  con  bastante  frecn^ida  se  obsarva  20  dfas  antes  del 
mfnimnm  barom^trico. 

En  pmeba  de  lo  qne  afirmamos,  y  referi^ndonos  a  las  observadones  de  los 
palses  tropicales,  yamos  a  poner  nn  cnadro  de  los  hnracanes  m6s  importantes 
qne  ban  ocurrido  desde  1896  a  1015  en  las  Antillas,  indicando  las  altoras  del 
bardmetro  en  el  Obsenratorio  de  Belte  de  la  Habana.  No  tomamos  los  datos 
de  nnestro  Obsenratorio  de  Gienfuegos,  por  no  llevar  mAs  de  cnatro  afios. 


FMhsdAlhortoAii. 


Mfnlmam  del  btfitfoifltio 
yinfeebA. 


Bardmttfo  on  mti  antas 


drti 
tfoSOdfii 
•ntflidd 


8«pC... 
Mflept. 


19-34 
M>388nit. 


9-14  < 


10-lS8n>t. 
lt-SS8n>t. 


10-U8«pt. 

1-2  Oct.... 
10-11  Oct.. 


ISM. 


1W7. 


58n>t. 757.4 

23  Sept 7M.0 

28  Sept 75t8 

©Oct 7«.4 


USept. 7M.4 

218^. 757.4 

17  Oct. 75S.8 


UStpt 785.6 

26Sn>t. 755.0 

lOot., 754.8 

10  Oct. 764.5 

>  E-Mtadooario.   D«d«oenao. 


«A» 768.0 

23A|eo 764.4 

28.Vpo 782.6 

88^. 76L1 
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I  de  importancift. 
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En  1913  7 1914  no  linbo  hnracanes  ni  perturbMiones  de  importand*. 
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Estos  tktimoB  datos  de  1915  estAn  tomados  de  nuestro  Observatorio  de  Cien- 
taegiML  Apenaa  necesita  ezplicaci5n  el  cuadro  anterior.  La  fecha  sefialada  para 
el  huracdn  qoiere  decir,  que  durante  esas  dfaa  se  ezperiment6  su  mayor  • 
menor  Influencia  en  Cuba  o  sua  Inmediaciones,  segdn  iba  siguiendo  au  de- 
■arrollo  y  curao  el  Obaervatorio  de  Bel^n.  Hacemoa  notar,  que  puede  haber 
alguna  diacrepancia  en  la  apreclaci6n  de  loa  huracanea  o  meraa  perturbacionea 
atnioaf^ricaa  de  poca  Intensidad;  pero  de  todoa  modoa  noa  parece  Incompleta 
la  llata  pubUcada  por  Mr.  O.  L.  Faaalg  en  la  obra  dtulada  **  Hurrlcanea  of  tbe 
Weat  Indiea.'*  Por  eao  hemoa  preferido  aegulr  las  publlcaclonea  de  Bel^n,  que 
oontinenen  datoa  m&s  exaetoa.  Hemoa  puesto  la  altura  m&xlma  del  bar6metro 
on  mea  antea  del  mfnimum,  ai  bien  el  mea  puede  varlar  entre  loa  29  o  81  dfas. 
El  valor  del  perfodo  de  inveraidn,  como  decfamos  en  la  primera  proposici6n,  ae 
acerca  mucho  a  los  30  dfas.  En  la  dltima  casilla  indlcamoa  la  tendencia  dd 
bar6metro  a  subir,  balar  o  permanecer  eatadonarlo  velnte  dfaa  antea  del  hura- 
c&n.  No  siempre  se  ban  de  tomar  veinte  dfas  matemdticamente.  Esa  tendencia 
manifi^ataae  a  yecea  a  loa  19  o  21  dfaa,  o  ae  acenttia  m6a  por  entoncea.  Eki 
algunaa  ocaaionee  aucede  que  ae  halla  el  bar6metro  como  eatadonarlo,  de  modo 
que  la  media  ea  caai  la  miama.  Entoncea  declmoe  que  laa  preaionea  est&n 
eatadonariaa. 

Una  diflcultad  ae  ofrece  aquf.  Ea  verdad  que  existe  una  marcada  correladdn 
entre  laa  altaa  y  bajaa  preaionea;  baata  ae  podrfl  prever  que  el  bar6metro 
baJarA  o  8ubir&  aproximadamente  en  tal  dfa,  pero  nada  ae  dice  acerca  del 
▼alor  de  la  baja  barom^trica.  Se  puede  calcular  oudndo  bajar&,  pero  no 
oudnto,  De  aquf  que  el  meteor6logo  no  aabrd  ai  le  eapera  un  yerdadero  hura- 
c&n  o  una  inaignificante  depre8i6n. 

La  aolucidn  de  esta  diflcultad  no  la  yemoa  todavfa:  el  dfa  en  que  ae  calcule 
con  exactitud  cudndo  y  cudnto  bajar&n  laa  presiones,  el  problema  de  laa  varl- 
adonea  barom^tricaa  eatarft  reauelto.  Eae  aerfa  el  Ideal,  pero  ea  poco  prever 
con  cierta  aeguridad  la  marcba  general  del  bar6metro  con  tanta  antidpaddat 
Bn  eatoa  dlez  alios  pr&cticamente  hemoa  aplicado  a  la  predicddn  de  loa  huracanea 
nuestro  m^todo,  y  podemos  aflrmar  que  noa  ban  aervido  no  poco  eaaa  ideas 
para  anundar  con  predaidn  el  dfa,  la  baJa  barom^trica  y  cu&ndo  empesarfa 
la  aubida  de  la  preaidn  y  se  alelarfa  el  peligro  de  noaotroa.  Pueden  verae  varies 
caaoa  en  el  ndm.  1  de  los  Analea  del  Observatorio  de  Montserrat  p.  82. 

Digamoe  algo  acerca  de  eate  m^todo  aplicado  a  loa  mapaa  aindpticoa  del 
tiempo.    Hemes  escogido  por  muchaa  razones  los  Weather  maps  de  Washington. 

Ante  todo  hacemoa  notar  que  noa  limitamos  a  los  meses  de  invierno,  ea 
dedr,  deade  Noviembre  a  Marzo  incluaive.  En  la  primava*a  y  el  verano,  como 
de  ordinario  la  turbulenta  circuladdn  de  ddonea  y  antidclonea  no  adquiere 
la  intenaidad  que  en  el  invierno,  se  tropieaa  con  algunaa  diflcultadea  mayorea 
en  la  aplicad6n  del  m^todo  de  prever  las  variadonea  baromtolcaa. 

Laa  altaa  y  balas  presiones  indicadas  por  loa  high  y  low  de  los  mapaa  sin6ptiooB 
de  los  Estados  Unidoa  no  aiempre  son  indldos  de  perturbaci6n  atmosf^rica 
notable,  muchaa  vecea  se  ban  de  conaiderar  con  reladdn  a  la  altura  de  los 
bar6metro8  de  las  estaciones  mds  cercanas,  ni  ofrecen  en  ocaaiones  inter^i 
eapecial  para  el  meteor61ogo  que  estudia  las  depresiones  de  alguna  intenaidad. 
Por  la  extensi6n  grande  del  continente  norteamericano,  eaas  Areas  de  altaa  y 
bajas  presiones  se  hallan  a  vecea  diseminadaa  en  trea  o  cuatro  zonaa,  maa 
eao  no  quita  el  que  haya  un  centre  predominante.  En  6rte  conviene  fijarae  de 
ordinario. 

Supongo  conocidoa  los  trabajoa  mAa  Importantes  publicadoa  por  el  Weather 
Bureau  acerca  de  laa  trayectoriaa  que  aiguen  laa  perturbadonea  dddnicaa  en 
loa  Eatadoa  Unidoa,  sus  diversoa  tipos,  etc.,  pues  su  estudio  ea  muy  tltil,  y  at 
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Men  las  Tarlas  dasiflcacloDes  de  los  temporales  nada  nos  dicen  en  cada  caao 
pnittculart  con  todo  ayndan  para  formarse  una  Idea  sobre  la  mayor  o  menor 
probabllldad  de  la  aparici6n  de  las  depresiones  en  una  determinada  regi6n. 

Hay  que  aplicar  las  luroposiciones  arriba  enunciadaa  tenlendo  en  cuenta  la 
fbrma  de  las  iaobaras  y  su  orlentacldn.  Cuando  las  depresiones  toman  la 
tonam  de  on  trtmgh  es  decir,  cuando  son  depresiones  iargas  y  estrechas,  pareoa 
mis  f&dl  prever  los  camblos  de  las  varlaciones  barom^tricas. 

No  damos  por  terminadas  nuestras  investigaciones,  pues  los  resultados  no 
SOD  oompletamente  satisfactorios  ni  matemdticamente  exactos.  Segtin  el 
m^odo  usual  del  los  Observatorios,  por  t^rmino  medio  se  considers  como  buen 
resoltado  el  obtener  un  80%  de  los  prondsticos  heclios,  y  eso  que  se  trata  de 
on  dia  para  otra  Pues  bien*  no  eaXA  muy  lejos  de  ese  tanto  por  ciento  el  que 
■e  obtleoe  aplicando  aquelias  proposiciones,  y  teniendo  en  cuenta  la  forma  de 
las  Isobaras,  su  orientaci6n  y  la  trayectoria  que  en  las  diversas  ^pocas  del  af&o 
siguen  los  huracanes  y  los  temporales  en  las  Antillas  y  el  contlnente  norte- 
americano. 

The  Chatrman.  Gentlemen,  you  have  all  heard  this  interesting 
oommtinication.  I  am  sure  that  those  of  us  who  are  not  able  to 
foUo^  the  paper  in  the  Spanish  have  had  it  eloquently  summarized 
to  OS  in  the  brief  r&umS  that  Father  Sarasola  has  given  in  English. 
Fluctuations  of  barometric  pressure  are  undoubtedly  of  very  vital 
consequence  to  the  forecaster.  Any  studies  that  disclose  the  causes 
of  fluctuations  and  help  to  fix  their  time  of  beginning  and  ending 
and  intensity  will  be  of  great  advantage  in  forecasting.  The  paper 
is  open  for  discussion.    Are  there  any  remarks? 

Mr.  Franksnfield.  I  should  like  to  ask  Father  Sarasola  whether 
his  observations  as  to  the  appearance  of  these  barometric  maxima 
and  minima  were  confined  to  Cuba  or  were  they  extended  generally 
over  the  United  States. 

Father  Sarasola.  I  have  made  many  predictions  for  the  United 
State&  I  have  put  down  the  date  when  a  high  or  low  would  come, 
sometimes  a  week  before  or  two  weeks  before. 

Mr.  Frankenfuxd.  And  the  particular  locality? 

Father  Sarasola.  Tes;  sometimes.  I  can  say  that  I  have  succeeded 
many  times.    Of  course  there  are  some  failures. 

The  Chairman.  The  next  paper  on  the  program  is  one  that  deals 
with  a  most  important  question  of  meteorology — the  origin  and 
course  of  West  Indian  hurricanes.  You  all  realize  that  these  great 
tropical  storms  are  very  diflScult  of  comprehension  in  their  mecha- 
nism and  behavior.  It  seems  to  me  that  they  give  one  of  the  best 
illustrations  and  one  of  the  simplest  exhibitions  of  the  forces  causing 
and  maintaining  cyclones  in  generaL  They  are  the  purest  types  of 
cyclonic  formation.  It  gives  me  pleasure  to  announce  the  next 
paper,  ^  The  origin  and  course  of  West  Indian  hurricanes,*^  by  Sefior 
Don  Jo86  Carlos  MilUa 
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GENESIS  T  liABCHA  DB  LOS  HURACANES  ANTILLANO& 

For  JOS£  CARLOS  MILLAS    Y    HBRNANDEZ» 
Subdirector  del  ObservaUnio  NaoUmdl  de  Cuba. 

En  la  inye8tigacl6D  de  las  faerzas  que  concnrren  a  la  formacl6n  y  desarrollo 
de  lo8  dlstlntos  organismos  que  demandan  la  atenci6n  del  observadort  ae 
encuentra  mochaa  veces  que  no  son  las  mismas  las  que  determlnan  la  vlda 
embrlonaria  de  ese  organismo  y  aquellas  que  m&a  tarde  actuardn  en  el  proceao 
de  su  evoluci6n.  Asl,  las  fuerzas  que  intervienen  en  el  movlmiento  espiral  de 
las  nebulosas,  bien  pudiera  afirmarse  no  son  las  que  han  asistldo  a  la  constitu- 
ci6n  del  &tomo  de  materia  prlmitiva;  asf,  un  cometa  no  debe  su  genesis  a  las 
mismas  fuerzas  que  m&s  adelante  lo  han  de  hacer  describlr  una  8ecci6n  G6nica 
oon  foco  en  nuestro  Sol ;  asf  tambi^n*  en  el  campo  de  lo  Infinitamente  pequefio, 
ie  halla  que  los  electrones  no  reconocen  como  fuerzas  primeras  a  aquellas  que 
luego  intervienen  en  sus  movlmientos  complicados;  pero  al  concentrar  nnestra 
atenci6n  en  el  grupo  de  fen6menos  que  se  designa  como  huracanes  antillanos, 
oicontramos  que  todo  parece  indicar  que  alguna  o  algunas  de  las  fuerzas  que 
intervienen  en  la  etapa  primera  de  su  existencia,  no  se  eztinguen  alll,  sino  que 
persistiendo  van  a  determinar  su  desarrollo  y  marcha. 

Es  conveniente  considerar,  en  primer  t^mlno,  los  lugares  donde  se  forman 
los  huracanes  de  las  AntiUas,  o  mejor  dicho,  los  lugares  donde  se  han  formado 
los  huracanes  que  se  han  estudiado.  Queremos  ver  si  esos  puntos  en  los  cuales 
nace  el  embri6n  de  la  tormenta,  que  dias  despute  ha  de  azotar  furiosamente 
a  algtin  desgraciado  navfo  que  cayere  entre  sus  espiras  y  que  m&s  tarde  ha  de 
barrer  materialmente  las  siembras  de  industriosos  agricultores,  sembrando  en 
cambio  la  destruccidn  y  la  muerte ;  de  esa  tormenta  traicionera  que  envfa  como 
heraldo  al  meJor  de  los  tiempos;  queremos  saber,  r^)etimo8,  si  esos  puntos  de 
origen  est6n  relacionados  con  los  elementos  meteoroldgicos  de  las  distintas 
localidades,  y  el  modo  de  variar  esta  relaci6n ;  si  influye  en  ellos  la  conflgura- 
ci6n  de  tierras  y  mares ;  si  las  corrientes  superiores  de  la  atmtef era  contribuyen 
poderosamente  a  situarlos,  6  si  al  contrario,  son  las  inferiores  las  tinicas  que 
intervienen  en  el  proceso;  en  una  palabra,  queremos  determinar,  si  es  posible, 
la  causa  o  causas  que  han  siiuado  a  esos  puntos  iniciales. 

Este  problems  de  la  situaci6n  de  los  lugares  donde  surge  el  hurac&n,  puede 
considerarse  de  dos  distintas  maneras.  Podemos,  en  primer  lugar,  tratar  de 
deducirlo  te^ricamente,  teniendo,  desde  lu^o  en  cuenta,  las  causas  que  con- 
tribuyen a  la  formaci6n  del  fen6meno  meteorol6gico ;  podemos  tambito  por  las 
estadfsticas  inferir  cuales  son  las  regiones  m6s  apropiadas  para  su  desenvolvl- 
mSento. 

Como  aun  no  hemes  tratado  de  los  factores  que  contribuyen  a  la  gi^nesis  de 
esas  tormentas  tropicales,  no  nos  corresponde  tratar  de  darle  80luci6n  al 
problems  desde  el  primero  de  los  puntos  de  vista  expuestos.  De  modo  que  la 
consideraci6n  serd  hecha  atendiendo  al  segundo  m^todo. 

Muchos  son  los  autores  que  han  escrito  sobre  esos  puntos  de  origen,  desde 
Redfield  y  PoSy  hasta  los  ilustrados  profesores  del  Weather  Bureau  de  lot 
Estados  Unidos,  Garriott,  Fassig  y  otros.  Pero  ha^^  que  convenir  en  que  la 
mayor  parte  llega  a  conclusiones  con  el  estudio  de  un  corto  ndmero  de  esta 
dase  de  ciclones,  y  por  lo  tanto,  sus  deducciones  tienden  a  estar  a  vecee  en 
desacuerdo  y  a  veces  tambi^n  en  completa  oposiddn. 

Uno  de  los  mds  geniales  investigadores  en  esta  rama  de  la  Meteorologfa,  el 
P.  Benito  Vifies,  del  estudio  de  cierto  ntlmero  de  dclones  tropicales,  deduce  lot 
lugares  de  formaci6n  y  los  expone  categ6ricamente  en  sus  conoddas  obras.  Asf 
nos  dice  que  los  ddones  al  comenzar  la  estaci6n  (de  fines  de  Mayo  a  prindpiot 
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de  Jmiio)  86  firman  por  lo  general  en  Barlov^ito;  hada  el  snr  de  las  Islaa 
de  Cabo  Verde,  los  de  Agoato;  los  de  Septiembre  algo  al  eate  de  laa  Antillaa 
Meoorea;  loa  de  la  primera  dfoida  de  Octobre,  en  la  porci6n  orl^ital  del  Mar 
Caribe ;  loa  de  la  aeganda  y  torcera  dtaida  del  mlamo  mea  en  la  porcl6n  ood-. 
dental  d^  Mar  Oaribe  y  parte  dd  Oolfo  de  Mexico;  los  de  Julio  signal  las 
mlamas  leyes  que  loa  de  Septiembre;  y  loa  de  Jnnio  (tercora  y  aegonda  dtoula) 
goardan  analogfa  oon  loa  de  la  primera*y  aegonda  dtoida  de  Octubre. 

No  aabemoB  el  ndmoro  de  horacanea  obaervado  por  el  P.  Vifiea  para  llegar 
a  la  conda8i6n  ezpneata.  Dedmoa  eato,  porque  son  variaa  laa  anomalfaa 
oboervadaa  con  relaci6n  al  pnnto  de  origen  y,  oomo  veremos  m6s  addante,  ano- 
maliaa  tambi^  en  las  trayectoriaa,  que  nos  hace  pensar  si  aerfa  anfldente  eae 
nAmero  de  bnracanes  para  llegar  al  reaultado  indicado.  Gidonea  de  Agoato 
ae  ban  engendrado  en  pleno  Mar  Garibe  y  algonoa  bioi  al  oeste ;  lo  mismo  puede 
dedrae  de  mndioa  ddonea  ocorridoa  en  el  mea  de  S^tiembre. 

Redentemente,  a  prindpioa  del  alio  191S,  el  dtado  profeaor  del  Serrido 
Meteoroldgioo  de  los  Estados  Unidos,  Oliver  L.  Fassig,  public^  nn  magnffloo 
eatndio  sobre  los  bnracanes  de  laa  AntiUas,  en  forma  de  Boletin  X,  del  Weather 
Bureau.  En  una  carta  geogrAfica  indica  loa  pnntoa  de  origen  de  dento  treinta 
hnracanes  por  41  estudiados,  desde  el  alio  1876  al  1910.  En  ese  piano  estAn 
deaignados  loa  pnntoa  de  formad6n  con  drcolos  de  distintoa  colores;  los  de 
Jnnio  y  Julio  por  drcolos  negros;  los  de  Agoato  por  rojos;  los  de  Septiembre 
por  azules;  y  los  de  Octubre  por  amariUoa.  Este  procedimiento  permite  dis- 
tinguir  r^idamente  la  ley  que  sigoen  los  pontes  inidales  en  laa  distintaa 
^pocaa.  Asf  nosotros  diriamos  qoe  los  temporales  de  Jonio  y  Jolio  parecmi 
formarae  en  la  pord6n  ocddental  del  Mar  Garibe;  los  de  Agosto  y  Septiembre 
en  laa  inmediadonea  del  meridiano  57*  W.  de  Greenwich;  y  los  de  Octobre 
tambi^n  en  la  pord6n  ocddental  del  Mar  Garibe.  Bsto  es  lo  qoe  se  desprende 
de  loa  gropoe  qoe  forman  los  drcolos  de  distintoa  colores  en  el  piano  de  BIr. 
Faasig. 

Ahora  hay  qoe  advartir  qoe  en  Jonio  y  Jolio  se  encoentran  drcoloa  negroa 
en  laa  Islas  de  Barlovento;  qoe  nos  encontramoa  con  drcolos  roJos,  represen- 
tando  temporalea  en  formad6n  en  Agoeto,  en  el  Mar  Garibe,  al  E.  de  las 
Bahamas  y  &i  pleno  Oolfo  de  Mexico ;  y  finalmente,  qoe  hallamos  los  amariUoa 
drcoloa,  correspondientes  a  los  pontos  de  origen  de  los  horacanes  de  Octobre, 
en  ^  Oolfo,  sobre  Goba  y  al  B.  y  N.R  de  laa  Islas  de  Barlovento.  Todas  estaa 
munnalias  en  ndmero  sofldente  para  qoe  Joatiflqoen  nn  estudio  m^  completo 
de  los  orfgenes  de  los  ddones  tropicales. 

Hay  un  dato  curioso  en  este  piano:  la  cad  totalidad  de  cfrculos  cae  dentro 
de  la  zona  comprendida  entre  la  isob&rica  media  de  759.50  mm.  y  la  isobftrica 
media  de  762.00  mm.  Si  no  tenemoa  &!  cuenta  la  6poca,  podrfamos  decir  que 
aidofief  nomuOes  $on  lo8  que  $e  formam  an  el  anUlo  parabdlico  mencianado; 
9  tmormaieMt  lo9  que  se  originan  fuera  de  €1;  hadendo  notar  que  loa  orfgenes 
parecen  aon  m^  numerosoe  en  una  banda  central  de  ese  anillo  parabdlico. 

El  profeaor  Faasig  calcula  los  puntos  de  origen,  promedios  de  dento  trdnta 
y  cuatro  hnracanes,  siendo  sus  resoltados  los  sigoientes : 
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Pero  hay  que  tener  en  coenta  que  aqni  ^itran  todoe,  ee  dedr,  los  normales  j 
los  anormales. 

Estas  cifras,  en  realidad,  son  poco  convincentes.  MAs,  mncho  mfta  lo  es  el 
piano  dtado  y  el  estndio  rftpldo  que  con  61  a  la  vista  pnede  hacerse. 

Debe  Indlcarse  qoe  no  se  nos  escape  el  hecho  slgulente:  que  ee  Mumamente 
dificU  fijar  con  exactltud  matemfttlca  el  ponto  de  orlgen;  lo  es  hoy  y  lo  ha 
sido  slempre.  De  modo  que  no  debemos  dejarnos  lluslonar  por  el  piano  que 
tkltimamente  hemos  estado  estudlando,  con  sns  colorlnes  drculares,  creyendo  a 
f6  ciega  que  esoa  son  los  verdaderos  puntos  de  formadOn.  Muchos  de  elloa, 
indudablemente,  sefialar&n  las  posldones  probables,  qulz&s  las  verdaderas; 
pero  otros  deben  estar  algo  equWocadoe. 

Por  grande  que  sea  el  error,  sin  embargo,  no  creemos  que  afecte  a  nuestra 
indicacl6n  sobre  el  anlllo  parab611co.  Y,  volvlendo  a  hacer  caso  omlso  de  las 
^pocas,  la  relaci6n  entre  los  orfgenes  y  la  mendonada  matrlz  anular,  por  lo 
tanto,  serla  perslstente. 

Varias  son  las  hlp6tesls  que  se  ban  emltldo  para  ezpllcar  la  formad6n  de 
clclones.  Encontramos  autores  que  apUcan  sus  teorlas  a  todos  los  cases  de 
dclones  (en  la  acepcl6n  propla  de  esta  palabra) ;  y  aun  la  mlsma  para  dar 
8olud6n  a  la  drculad6n  general  de  la  atmdsfera,  expUcando  de  este  modo  loe 
vlentos  peri6dlcos  y  las  altas  corrlentes  atmosf^lcas.  Como  veremos  mAa 
adelante,  todo  parece  Indlcar  que  no  slempre  las  mismas  condldones  meteorol^ 
glcas  se  encuentran  en  los  mementos  en  que  surge  el  embrl6n  de  una  tor* 
menta  de  latitudes  medlas  o  de  un  dd6n  tropicaL  Y  es  natural,  que  no  slendo 
iguales  las  drcunstanclas  bajo  las  cuales  se  desarrollan  estos  fen6menos 
atmosf^rlcos,  toda  teorfa  que  trate  de  dar  cuenta  de  ambos,  sin  la  intro- 
duccl6n  de  algunos  factores  que  se  diferenden  segun  los  casoe,  es  una  teorfa 
que  a  priori  podrlamos  callflcar  de  Inadeeuada. 

En  el  afio  1820,  H.  W.  Brandes  de  Alemanla  lanz6  la  hip6tesls  de  la  con- 
densaddn  del  vapor  de  agua  en  la  atm6sfera  como  causa  eficlente  para  el  de- 
sarrollo  de  un  dc16n.  Segun  41,  la  preclpitad6n  en  forma  de  Uuvia  le  qultaba 
a  la  atm6sfera  parte  de  su  volumen  y  peso,  produd^ndose  la  afluencia  del 
aire  de  todos  los  lados  y  dando  por  resultado  la  formad6n  de  un  remolino  que 
luego  se  convlerte  en  fnrloso  huracftn. 

Afios  despute.  Espy  desenvuelve  ind^)endlentemente  la  teoria  de  Brandes, 
pero  indicando  que  si  bien  es  derto  que  la  predpitad6n  del  vapor  de  agua 
exlstente  en  la  atmasfera  puede  robarle  determlnada  parte  de  su  peso,  tambi^n 
habfa  que  tener  en  cuenta  que  Implicaba  una  gran  cantidad  de  calor  latente; 
y  que,  naturalmente,  el  aire  adyacente  se  expanslonarfa  contribuyendo  a  la 
mejor  organizad6n  del  meteoro. 

Dove,  en  cambio,  trat6  de  explicar  el  fenOmeno  meteorolOgico  del  dcl6n,  por 
una  acd6n  mecAnica,  hadendo  hlncaplA  en  la  gran  influenda  de  corrlentes  de 
opuestas  direcciones. 

Estas  dos  teorfas  se  ban  dlscutido  mucho  y  aun  se  signal  discutiendo.  De 
ellas  ban  surgido  otras  varias,  que  difleren  en  el  modo  de  desenvolver  las  ideas 
primeramente  ezpuestas ;  y  cad'a  una  de  las  cuales  cree  haber  contestado  satis- 
factoriamente  a  todas  las  preguntas  sobre  la  genesis  y  el  mantenimlento  del 
dcl6n. 

Designaremos  a  la  primera  y  sus  derlvadas,  como  generalmente  se  hace,  con 
el  nombre  de  "teorfa  de  la  condensad6n " ;  y  a  la  segunda  la  llamaremoe 
"teorfa  dinfimica." 

Espy  sostenfa  que  en  todos  los  casos  de  pequefias  tormentas  sobre  tlerras. 
el  movimiento  era  radial,  es  dedr,  directamente  hada  el  centre.  Redfield,  sin 
embaigo,  argumentaba  a  tAvot  del  movimiento  giratorio  de  las  tormentas, 
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iMl^eodo  estodlado  prActicamente  el  mencionado  movimieDto  en  las  tormentas 
M  oc^ano.  Y  ^eta  era  la  misma  opinion  de  FerreL  Decfa  este  gran  mete- 
oHHogo  y  edncador  ameiicano,  qae  cuando  en  una  local  idad  el  aire  de  de- 
tennlnada  region  y  hasta  cierta  altnra  bastante  considerable,  se  calentaba  por 
atalqaJer  motivo,  de  modo  tal,  que  resultaba  de  mayor  temperatura  que  el 
aire  adyacente,  se  entablaba  una  corriente  ascendente  en  esta  masa  de  aire 
eaUente;  y  en  la  parte  superior  habfa  efusi6n  de  aire  en  todas  direcciones. 
BMa  es  la  causa  de  que  disminuya  la  presi6n  atmosf^rica  en  el  centre  de  la 
masa  caliente,  aumentando  por  el  contrario,  la  de  todo  el  borde  adyacente  que 
reeibe  el  derrame  mendonado..  Entonces  Ferrel  toma  en  consideraci6n  la  ro- 
tad^n  del  planeta,  para  ezplicar  el  movlmiento  giratorio.  Nos  dice  que  si  la 
Tlerra  no  girase  sobre  su  eje,  el  aire  que  se  mueve  hada  el  centro  caliente 
doode  hay  falta  de  presi6n,  lo  harfa  siempre  en  Ifnea  recta,  es  decir,  se  dirigirfa 
directamente  hada  el  centro ;  pero  la  rotad6n  del  astro  introdudrft  una  desvi- 
tuMn  hada  la  derecha  de  la  direcd6n  del  movlmiento  en  el  hemisferio  boreal, 
y  ae  tendHl  como  resoltado  nn  movimiento  giratorio  al  rededor  del  centro,  un 
remolino. 

Creemos  conveniente  dedr  dos  palabras  sobre  esa  fuerza  que  obra  hacia  la 
deredia  en  nuestro  h^nisferio,  y  hada  la  issquierda  en  el  austral^  ya  que  se  ha 
toeado  ^  punto  de  la  influenda  de  la  rotad6n  de  la  Tierra. 

El  primero  &k  demoetrar  analfticamente  el  teorema  fu^  G.  Ooriolis,  en  el 
alio  1835.  En  el  de  1837  Poisson,  c^lebre  matem&tico  franco,  en  una  comuni- 
eaddn  a  la  Academia  de  Oiendas,  anunciaba  el  descubrimiento  de  esta 
Influenda.  M&s  tarde  Tracy,  en  1843,  di6  una  ezplicad6n  del  movimiento 
giratorio  de  la  tormenta  basada  en  el  prindpio  dtada  Y  finalmente,  el 
estndloso  Ferrd*  llegd  a  la  misma  conclusi6n,  al  parecer  independientemente, 
hadendo  aplicad6n  inmediata  del  teorema  y  publlcando  su  resultado  en  1850. 
Los  demAa  nieteorologlstas,  Mohn,  Gnldberg,  y  otros,  lo  dnico  que  han  hecho 
ha  aldo  eoplar  materlalmente  a  los  autores  dtados. 

81  Ferrel  ha  encontrado  una  ley  y  la  ha  aplicado  en  general  a  los  dclones  de 
cnalqniera  de  los  dos  hemisferios,  no  descubre  el  que  no  hace  mAs  que  aplicar  el 
prindpio  general  del  teorema  a  determlnada  dase  de  tormentas,  como  han 
beebo  algunoa  meteorologistas. 

El  teorema  de  Ooriolls  en  la  forma  que  se  adapta  mejor  a  fines  prftcticos  es 
poea  la  ley  meteoroldglca  de  F^rel ;  ley  que  no  ti^ie  ezcepdones.  Bl  teorema 
•in  embargo  es  m^  amplio. 

Otra  teorfa,  que  algui^i  ha  llamado  hidrodindmioa,  en  contraposiddn  a  la 
Ue  Espy,  que  es  en  este  case  la  termodindmica,  considera  el  case  de  la  gene- 
raddn  de  un  dddn  como  un  simple  problema  en  hidrodinftmica.  En  ella  la 
•eddn  t^rmica  local  se  subordina  a  la  acddn  general  del  gran  remolino  que 
ghti  al  rededor  del  polo  terrestre;  y  considera  que  lo  que  actualmente  ocurre 
es  que  en  la  gran  corriente  del  ocddente  se  forman  pequefios  remolinos,  las 
tormentas,  que  son  Uevados  por  la  corriente  generaL  Esta  es  la  opini6n  del  Dr. 
HUdebrandsson. 

Un  estudio  detenido  de  la  hipdtesis  mendonada  nos  llevarfa  a  considerar  las 
diversas  teorfas  que  sobre  la  circulad6n  general  de  la  atmdsfera  se  han  emltido ; 
desde  las  ideas  de  Hadley*  Dove  y  el  mismo  Ferrel,  hasta  las  m^  modemas 
de  Max  MQller,  Oberbeck,  y  von  Siemens.  Es  indudable,  sin  embargo,  y 
creemos  que  puede  admitirse  provisionalmente  por  lo  menos,  que  no  son 
idamaite  causas  locales  las  que  intervienen  en  la  organizad6n  del  cicl6n ;  que 
hay  causas  generales  tambi4n«  algunas  de  las  cnales  quedan  sefialadas  por 
varlos  meteordlogos. 

Volvamos  otra  vex  a  considerar  la  idea  de  aquel  estudioso  maestro  de  eecuela 
en  Tennossoo,  Qulllermo  FerreL    Su  vdrtice  tiene  una  superflde  dlfndrica  que 
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lo  llmlta,  y  asnme  A  un  oentro  de  aire  cftliente;  afaera  eatA  d  anlllo 
peridddnloo;  y  entre  estaa  dos  partes  hay  la  superflcie  donde  la  vdoddad 
giratoria  deeapareoe. 

La  teorfa  alemana,  coyos  parddarioa  son  Beye,  Mohn,  Oberbedc  y  otroe,  en 
cambio,  no  admlte  la  superficie  llmltrofe ;  tiene  solamentte  una  region  en  la  coal 
la  yelocidad  vertical  crece  con  la  altura,  y  otra  region  exterior  a  la  mencionada 
fidn  componente  vertical;  la  veloddad  mftxima  encontrftndose  entre  las  dos 
regiones. 

Sin  embargo,  tanto  Ferrel  como  los  otros  meteordlogos  tenfan  en  coeota 
Bolamente  las  observadones  hechas  en  la  superflde  de  la  Tierra.  ^Acaso  los 
dementos  meteorol6gicos  no  variarfan  considerablemente  con  la  altitnd? 
iCu&les  serlan  las  correspondientes  condidones  al  pasar  nn  centro  de  minima 
por  determlnada  regidn  a  gran  altora? 

El  gran  meteorologists  anstriaco,  Dr.  Jnlio  Hann,  ha  contribnido  grandemente 
al  conocimiento  qne  de  las  varlaciones  en  los  elementos  metewoldgioos  a  grandes 
altitudes  teniamos.  Asf  41  oicuentra  que  los  ddones  poseen  una  mass  de  aire  ' 
frfo  y  los  anticidones,  en  cambio,  otra  de  aire  relativamente  caliente ;  las  cuales 
surgen  por  causas  puramente  dindmioa$^  naddas  de  la  circulaci6n  general  de 
la  atmdsfera  y  no  por  causas  t^rmicas, 

Es  interesante  el  hecho  de  que  estas  observadones  efectuadas  en  el  Observa- 
torio  de  Sonnblick,  se  robustecen  por  las  deducdones  tedricas  de  von  Hdmholtz. 

Y  los  estudios  de  otros  meteorologistas  modemos  tienden  a  corrobiurar  la  hlp6- 
tesis  dindnUoa,  considerando  que  la  acd6n  mecdnica  es  la  de  primera  impor- 
tancia  en  la  formad6n  de  disturbios  atmosfMcos. 

El  profesor  Bigelow,  del  Weather  Bureau  de  los  Estados  Unidos,  en  on 
admirable  estudio  publicado  en  la  revlsta  de  ese  centro  dentfflco,  estableee 
como  derta  la  ezistenda  en  todo  dd6n  de  la  influenda  poderosa  de  tres  oor- 
rlentes  prftcticamente  independientes :  la  oorriente  general  del  oeste,  la  corriente 
fria  del  noroeste  y  la  templada  del  sur.  Estas  investigadones  lo  Uevan  a 
formular  los  siguientes  resultados : 

(1)  El  cic]6n  no  se  forma  de  la  energfa  del  calor  latente  de  condensad6n. 

(2)  No  es  un  remolino  en  la  gran  corriente  del  oeste. 

(8)  Reconoce  por  causa  el  encuentro  de  corrientes  de  distintas  temperaturas. 

Y  luego  afiade  que  puede  demostrarse  de  modo  contundente  que  dos  cor- 
rientes opuestas  siempre  existen  en  los  lugares  en  los  cuales  se  forman  los 
tornados,  dclones  de  latitudes  medias  y  huracanes. 

Anteriormente  Mohn  indicaba  que  realmente  lo  dnico  que  se  sabfa  em  que 
todas  las  tormentas  tropicales  debfan  su  origen  a  un  minimo  barom^trico  ya 
formado.  Pero  no  nos  dice  como  se  ha  formado  ese  mfnimo  barom^trico;  y 
esto  no  es  m&s  que  alejar  el  problema.  Hann  trata  de  explicarlo,  didtodonos 
que  el  exceso  de  calor  o  el  aumento  de  vapor  de  agua  es  la  causa  primera  dd 
ascenso  del  aire  y  por  ende,  de  la  dlsminud6n  -de  la  presi6n.  Al  ascender  el 
aire,  se  condensa  el  vapor  de  agua  y  de  aquf  que  la  fuerza  ascensional  se 
aumente,  subsistiendo  por  algun  tiempo  la  depresidn. 

Hemos  visto  como  una  gran  parte  de  las  investigadones  modemas  sefialan 
como  verdadera  la  hip6te8is  dinftmica.  Hay  que  indicar,  sin  embargo,  que 
algunos  distinguidos  meterologistas  sostienen  aun  la  teorfa  de  la  condensaddn. 
Blanford  y  Eliot,  por  ejemplo,  aflrman  que  los  ciclones  de  la  Bahift  de  Bengala 
deben  su  origen  a  un  proceso  de  condensacidn  anAlogo  al  formulado  por  Espy. 

Y  ellos  ban  hecho  estudios  concienzudos  de  las  tormentas  en  las  Indias  Orientales. 
Aquf  en  las  Antillas,  el  Sr.  Luis  G.  Garbonell,  Director  del  Observatorio  Nadonal 
de  Cuba,  Uega,  como  resultado  de  muchos  afios  de  observacidn  directa  de  estos 
fendmenos  tropicales,  a  sefialar  como  m&s  probable  la  hipdtesis  modiflcada  de 
Espy. 
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DemAB  estk  dedr  que  ninguno  de  estoa  iiieteor61ogos  serfa  capea  de  snponer 
qm  todas  las  Tariadones  baromtotcas  ae  deben  tinica  y  ezduslTamente  a  la 
condenaacito  del  vapor  de  agua ;  pnes  Men  sabido  es  que  el  proceao  citado  no 
poede  prodndr  ddones  en  la  region  de  las  calmas  ecnatoriales.  Las  obserra- 
donea  reoolectadas  por  Reld  no  muestran  nlngtln  dd6n  formado  m6s  allft  de 
los  10*  de  ladtnd  norte  y  nlngtin  tifta  mfts  bajo  de  los  9*.  Por  otro  lado  se 
aabe  que  las  grandes  lluvlas  en  Oherrapnnjee  parecen  no  afectar  mndio  a  la 
pnsite  barom^trica ;  es  mAs,  en  case  de  hacerlo  es  para  indlcar  dempre  anmento 
1  no  dlsminndto.  El  mismo  F^rrel  nos  dice  que  la  condensad6n  dd  vapor 
de  agna  en  la  atmArfdra  no  es  la  dnlca  causa  dd  orlgen  de  los  ddones;  y 
Loomis,  otro  deddido  defensor  de  la  teorfa  qne  venimos  condderando,  aflrma 
que  la  ttavia  no  es  esendal  para  la  formad^n  de  Areas  de  baja  pred6n  baro- 
nitftrlca. 

En  vista  dd  gran  peso  de  las  oplnlones  aportadas  por  los  partidarios  de  la 
teorfa  de  la  condensaddn,  tenemos  qne  convenir  con  Hann,  que  d  bien  es 
*vardad  que  los  grandes  ddones  de  latitudes  medias  pueden  ser  mejor  expU- 
eados  por  la  teorfa  din&mica,  tambi^n  es  derto  qne  mncbos  fen6nienos  de  las 
tormentas  tropicales  a  su  vez,  se  acomodan  mejOT  a  la  bipdtesis  de  la  cond^i- 
sadte,  mAs  o  menos  modificada. 

Re^ecto  al  piano  de  formaddn,  o  sea  al  piano  de  la  verdadera  genesis,  lo 
eoeoDtramos  en  d  nivd  Inferior  segtln  se  desprende  de  la  teorfa  de  la  conden- 
saddn, pnesto  que  las  condidones  meteoroldglcas,  es  dedr,  altas  temperaturas 
y  gran  hnmedad,  asf  lo  ezigen.  Ferrel,  dn  embargo,  cree  qne  la  energfa  dd 
dddn  se  encnentra  a  derta  altura,  donde  ocurre  la  condensaddn  del  vapor 
acQoea  Andr6i  Po6y,  nnestro  '*  pioneer  "  en  estndios  meteorol6gicos,  nos  dice 
ezplfoltamente  qne  es  en  la  regi6n  superior  donde  se  engendran  los  movimientos 
gBDerates  de  la  atmdsfera,  asf  como  las  tempestades  y  los  huracanes.  Reden- 
temente,  el  profiesor  Bigelow,  discutiendo  las  observadones  nefosc6picas  to- 
madas  en  las  Antillas  durante  un  perfodo  de  once  afios,  Uega  a  la  condud6n 
de  qne  en  la  lona  comprendida  entre  d  alto-stratus  y  d  drrus,  de  cuatro  a 
sets  mUlas  de  altura,  se  encnentra  la  causa  prindpal  de  la  generaci6n  de 
huracanes.  Segdn  esto,  los  remolinos  van  descendiendo  a  medida  que  se  bacen 
mis  intensos;  d  primer  giro,  d  primer  movimiento  rotatorio  establed^ndose 
en  las  capas  superiores. 

Por  otra  parte,  algunos  meteorologistas  de  la  India,  afirman  que  los  ddones 
de  la  Bahfa  de  Boigala  se  originan  en  la  regidn  Inferior  de  la  atm6sfera,  ado- 
dando  oomo  i^udm  d  l^cho  de  no  poder  saltar  montaflas  algo  bajas,  como  d 
dstema  de  los  Gliats  o  las  Uamadas  lomas  de  Tipperary.  Y  si  los  ddones  de 
la  India  tienen  d  origen  que  acabamos  de  seflalar,  no  vemos  como  se  pueda  dejar 
de  pensar  en  andloga  genesis  para  tif ones  y  huracanes. 

Bsta  es  la  opinito  tambito  de  W.  Bi.  Davis.  En  una  s^e  de  conf^rencias 
Aadas  en  d  Lowdl  Institute  de  Boston,  en  d  afio  de  1888,  este  profesor  de  la 
Universidad  de  Harvard  explical>a,  a  su  modo  de  ver,  la  formad6n  de  los 
ddones  tropicales.  Supone  que  la  en^gfa  solar  se  va  acumulando  en  la  regi6n 
inferior  de  la  atmdsfera.  Al  prindpio  exists  una  gran  calma ;  y  esta  para  d, 
«s  d  verdadero  embri<Sn  dd  dcl6n.  Si  este  dddn  embrionario  se  encnentra  &i 
la  Justa  latitud,  entonces  puede  desarrollarse  y  Uegar  a  ser  mAs  tarda  un 
hmracAn  bien  formado.  No  niega  Davis  la  inflnenda  de  dos  conrientes  opues- 
las;  pero  insists  en  dedarar  que  la  calma  es  antecedente  al  movimiento  gira- 
torlo  en  los  ddones  tropicales. 

Los  partidarios  de  la  teorfa  de  la  condensaddn  tienen  que  reconocer,  aln 
embargo,  la  gran  inflnenda  de  "los  centres  de  acddn  de  la  atmdsfera";  la 
psslddo  de  dies  y  su  magnitud  dd)en  contHbulr  poderosamente  a  la  forma- 


Digitized  by  VjOOQIC 


48  PBOOEBDINQS  SECOND  PAN  AMBBIOAN  80IBKXIFI0  OOHQBBBft. 

ci6ii  de  estos  fendmenos  meteoroldgicos,  hnracanes,  ciclones  y  tifonea,  que  sod 
los  m&B  grandiosos  a  la  ves  que  los  niAs  temiblea.  Ahora  bien,  estOB  oentros 
varfan  todos  los  afios;  no  se  presentan  nl  en  el  mismo  lugar  ni  con  la  mlama 
intensldad;  se  alteran  y  modiflcan  las  condlciones  meteoroldgicas  en  sn  seoo. 
Por  lo  tanto,  la  distrlbnci^n  de  la  presidn,  el  grado  de  hnmedad,  la  temperatura, 
etc.,  de  las  regiones  donde  se  originan  tormentas  tropicales,  tienen  que  estar 
a  sa  vez  profondamente  af ectadas  por  estos  camblos ;  y  no  siempre  resoltarAn 
las  adecuadas  para  la  gestacI6n  y  el  desarroUo  de  estos  furlosos  remoUnoe. 
BJemplos  de  estaclones  de  poca  actlvldad  los  tenemos  en  los  afios  1877,  1800, 
1896,  1897  y  1905.  En  camblo  los  afios  de  1886,  1887,  1888,  1889,  1891,  IdOt 
1906  y  1909  son  notables  por  haber  ocurrldo  en  cada  nno  de  ellos  de  sets  a 
once  ciclones.  (Fassig.)  En  el  afio  1886  el  Weather  Bureau  de  los  Estadoa 
Unldos  anot6  once  hnracanes,  y  el  P.  Vlfies,  velnte.  Bsta  discr^Mtncla  surge 
de  la  dlflcultad  en  la  claslflcacl6n  de  las  depresiones.  De  todos  modes,  queda 
■efialada  la  estacl6n  clcl6nica  del  afio  1886  como  notable  por  la  gran  actlvldad 
mostrada;  hacl^ndonos  ver  que  las  condldones  meteoroldglcas  en  esa  4poca'  • 
eran  las  adecuadas,  las  mAs  aptas  para  la  genesis  de  eaos  organlsmos  atmo*- 
f^ricos. 

Ahora  cabe  preguntar:  ^CuAl  es  la  causa  de  los  cambios  en  esos  centros  de 
acci6n?  Muchos  pretenden  encontrarla  en  los  trastomos  que  sufre  la  super- 
ficle  solar  en  un  perfodo  determlnado.  Siendo  el  Sol  la  fuente  de  radladones 
del  planeta,  es  natural  que  todo  camblo  en  ese  lumlnar  ha  de  afectar  de  algtfn 
modo  a  la  atmdsfera  terrestre.  Pero  en  concrete,  nada  aabemos  sobre  ti  par- 
ticular. 

Se  atribuye  a  Franklin  el  haber  tenido  idea  perfecta  de  la  marcha  progrealva 
de  las  tormentas.  De  los  primeros  estudios  en  realizarse  en  esta  direccidn 
fueron  los  de  Dove,  Brandes  y  sobre  todo  los  de  Redfleld  de  New  York  en 
188L    M&s  tarde  Reid  estudia  los  ciclones  del  extremo  Oriente. 

Continuando  el  estudio  iniciado  por  Redfleld  se  llega  pronto  a  la  conclusldn 
de  que  la  curva  descrita  por  los  hnracanes  antiUanos  era  muy  semejante  a 
una  par&bola;  y  entonces  se  estudian  las  reladones  entre  todas  las  tra- 
yectorias  para  determinar  las  Uamadas  nomwlea;  ver  de  que  modo  se  agrupan, 
como  varfan  con  las  distintas  ^pocas,  etc. 

Asi,  en  tesis  general,  puede  decirse  que  parece  existir  una  trayectoria  media 
principal  que  partiendo  de  las  Islas  de  Barlovento  recorre  el  Mar  Garibe, 
cruza  el  Canal  de  Yucat&n  y  recurvando  en  la  parte  oriental  del  Golfo  de 
M^ico,  se  dirige  al  Atl&ntioo  atravesando  la  Florida;  y  otra  trayectoria  se- 
cundaria, que  se  dirige  desde  el  grupo  m&s,  septentrional  de  las  Menores 
Antillas  hacia  las  Bahamas,  recurvando  al  este  de  la  "Florida. 

Indica  Fassig  que  estas  dos  curvas  coinclden  aprozimadamente  con  des 
ramas  de  la  gran  corriente  ecuatorlal  del  Atlftntico  del  norte. 

El  Rev.  P.  Benito  Vifies,  que  dedicd  su  vida  al  estudio  interesante  de  lot 
hnracanes,  nos  dejd  dertas  reglas  prActicas  que  de  la  observad6n  Juidosa  de 
derto  ndmero  de  estos  meteoros  hidera.  Estas  reglas  nos  permiten  pro- 
nosticar  la  direcd6n  del  movimiento,  conocidas  una  posici6n  y  la  fecha. 

Admite  el  P.  Vifies  que  la  trayectoria  es  una  curva  muy  semejante  a  Hi 
par&bola.  Asf  al  hablamos  de  la  del  hurac&n  del  13  al  14  de  Septiembre  de 
1875  dice:  "La  direcci6n  de  la  primera  rama  de  la  pardbola  es  al  W.  22*  N. 
El  eje  de  la  trayectoria  corresponde  al  paraldo  de  28*  80'  latitud  N.  Las 
coordenadas  del  v^rtice  de  la  par&bola  son,  latitud  N.  28*  80%  longitud  W.  de 
San  Fernando  90*  80'.  La  parAbola  es  bastante  aguda  y  la  abertura  de  sus 
ramas  comprende  un  Angulo  de  unos  45*.'* 

Este  es  un  lenguaje  bastante  geom^trico,  naddo  sin  duda  algnna  de  la  forma 
regular  de  la  curva  trazada. 


Digitized  by  VjOOQIC 


A8TB0K0MY,  MBTBOBOLOGT,  AND  SEI8M0L00T. 


49 


MadMW  €J»Dplo8  de  trayectorias  regulares  pndieran  presentarse.  Sin  ir 
afioB  atrHs,  en  la  presente  estaddn  dddnica,  an  hurac&n,  el  de  Galveston,  de 
Agosto  16,  ha  trazado  una  cnrva  paraMlIca,  como  pnede  verse  en  la  carta  pnbll- 
cada  por  el  Weather  Borean  de  los  Estados  Unidos  en  Octnbre  4  de  1915. 

Decfamos  que  el  P.  Yifies  nos  habfa  legado  nnas  reglas  prdcticas  para  que, 
canoddas  ona  posid6n  de  la  tormenta  y  la  6poca  correspondlente,  pndi^ramoe 
■efialar  la  dlrecdOn  del  movimiento  normal.  SI  por  ejemplo,  en  Septiembre  se 
halla  un  dcl6n  de  los  quince  a  los  veinte  y  coatro  grados  de  latitnd,  podemos 
pto&osticar  que  so  movimiento  serft  hada  el  W.N.W.  Y  si  en  la  tercera 
dfoida  de  Octnbre  surge  otro  de  los  diez  y  seis  a  los  veinte  grades,  entonoes 
isfialaremoa  la  dlrecd6n  N.  como  la  m&s  probable. 

Para  conocer  aproximadam^ite  la  sitnad6n  del  v^rtice  de  la  par&bola,  en 
cnanto  a  latitnd  se  refine,  haremos  nso  de  la  sigoiente  tabla: 


Feohtt  da  las  reenrrM  d«  los  eleloiMS. 

Latl- 
todasso 

^.  go*. 

ncurvan. 

AflDStO 

20aSS* 

Yobo  7  SepOsnibra 

37a2r 

'»'<^  9*  4%ni4a,  (Mtalm  1*  iMoada 

2laa6* 

InnM4>4«oa4a;(Mahr«>4Mnada ...                  ..         .  .. 

20a2r 

l4N>9l*4Mcadii'Offtabn>iMoii4a                                                                                  .    ... 

10a  90* 

Estos  son  los  resnltados  que  se  desprenden  de  la  larga  ezperienda  del  genial 
Jonilta  y  se  refieren  a  trayectorias  narmaies. 

Antffliormente  se  ha  dtado  la  obra  que  sobre  hnracanes  de  las  Antillas  ha 
eacrito  el  profesor  Fassig.  En  ella  se  dan  a  conocer  las  caracterfsticas  de  mAs 
de  doito  treinta  hnracanes,  y  con  mayor  exactitnd  las  de  aqndlos  ocnrridos 
dsBde  el  1890,  ^poca  &i  la  cnal  el  Weather  Bureau  de  los  Estados  Unidos 
eUabledd  nn  sistema  de  estadones  que  envlaba  por  el  cable  sus  observadones 
a  la  e8tad6n  central.  Se  comprenderA  que  los  resnltados  tlenen  por  lo  tanto  un 
gran  peso. 

Begdn  este  estudio  las  trayectorias  de  los  hnracanes  de  Junio  y  Julio  van 
dirigidas  al  N.W.  o  al  N. ;  las  de  Agosto  consisten  en  una  larga  primera  rama 
que  al  prindpio  Ueva  direcd6n  W.,  luego  WJN.W,  y  m&s  tarde  N.W.,  con  su 
f^rtice  en  una  latitnd  mayor  que  las  que  alcanzan  todas  las  otras  trayectorias ; 
laa  de  Septiembre  son  muy  pareddas  a  las  de  Agosto  tomando  la  direcd6n 
WJI.W.  desde  el  prindpio;  flnalmente  las  de  Octnbre  se  distinguen  por  su 
eonvergenda  hada  el  extremo  ocddental  de  Cuba  y  el  Canal  de  Yucatan. 

La  veloddad  media  en  millas  por  bora  BSgdn  las  distintas  ^[K>cas  pnede 
I  en  el  sigutente  cuadro : 


MaTDsJiiUo ' 

Bteal i 


Recurva. 


Sagnoda 
rama. 


U 
1ft 
If 
If 


Loe  promedios  en  las  recurvas  nos  llaman  la  atend6n.  Siempre  hemos 
•ostenido  que  el  huracAn  al  recurvar,  o  sea  al  cambiar  de  corriente  directorcy 
naoesarlamente  disminufa  su  veloddad  de  transladdn. 

Todo  lo  que  se  ha  didio  anterionnente  se  refiere  a  trayectorias  normales. 
P«ro  flsamlneDse  los  pianos  que  ac^Mnpafian  a  la  obra  de  Fassig;  y  se  verft  que 
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■on  tantas  Urn  anomallas  observadas,  que  ezigen  on  estadio  miDudoBO  para 
determinar  las  causaa  que  obligaron  a  esos  hnracanes  andmalos  a  reooner 
antoalas  trayectorlas. 

Un  ejemplo  de  cicl6n  tropical  anonnal  es  el  del  29  de  Octubre  de  1867»  qua 
azot6  a  Puerto  Rico,  con  trayectorla  dlriglda  al  W.  S.  W. 

El  estudlo  Indlcado  debe  comenzar  por  fijar  las  causaa  que  determlnan  el 
movlmlento  normal  de  los  clclones  troplcales.  Y,  por  el  momento,  no  pensamoa 
en  las  Influenclas  perturbadoras  de  otra  centros  de  minima  o  mftxlma  presidn. 

iCuftl  es,  o  cudles  son  las  fuerzaa  que  obrando  sobre  el  meteoro  lo  obllgan  a 
moverse  en  una  curva  tan  pareclda  a  la  pardbola? 

Dice  Doberck  en  su  "  Ley  de  Tormentas  en  los  Mares  Orlentales  *'  que  las 
depreslones  son  atrafdas  hada  aquellas  reglones  por  donde  ha  cruzado  poco  antes 
otra  depresl6n ;  y  que  las  fuerzas  que  actuando  sobre  la  tormenta  la  Impelen  a 
descrlblr  la  trayectorla,  deben  hallarse  extaiormente  a  ella.  Y  ^  las  encuentra 
en  la  dl8trlbuci6n  de  la  presldn  atmosf^rlca. 

Ferrel  Indlca  varias  causas  pero  cree  que  la  principal  es  el  movlmlento  gen- 
eral de  la  atm6sfera  en  las  grandes  altitudes.  Y  el  P.  Vifies  aflrma  que  es 
muy  probable  que  los  hnracanes  vayan  dirigldos  en  sus  trayectorlas  por  las 
corrientes  superlores. 

Detengdmonos  un  momento  a  conslderar  la  circulaci6n  de  la  atmdsfera  en 
nuestro  hemisferio,  especialmente  en  la  region  de  las  Antillas. 

Desde  hace  muchos  afios  se  ha  creido  que  las  corrientes  ascendentes  en  ^ 
Ecuador  t^mico  se  dirigen  hacia  el  primer  cuadrante  en  forma  de  anti-alisios 
del  S.  W.,  pasando  por  endma  de  los  Tientos  superflciales,  o  sean  de  los  aUsloa 
del  N.  E.  Parte  de  la  gran  corrlente  que  vlene  del  S.  W.  parece  va  a  engrosar 
al  antlcicl6n  del  AtlAntlco  del  N.,  y  otra  parte,  descendiendo  al  norte  de  los 
alislos,  se  dirige  hacia  las  reglones  polares  como  vientos  del  tercer  cuadranta 
Bstos  anti-alisios  pued^i  observarse  durante  todo  el  alio  en  el  Pico  de  Tenerifis. 
En  el  mismo  Ecuador  el  movlmlento  del  aire  es  hacia  el  W.,  comu  lo  probd  la 
erupci6n  del  Krakatoa  en  Agosto  de  1884;  pues  las  particulas  en  forma  de 
grandes  masas  de  polvo,  como  si  dij^amos,  polvo-pallium,  dieron  la  vuelta  en 
el  mlsmo  Ecuadw  en  unos  dfas  y  no  llegaron  a  las  latitudes  medias  sino  al 
cabo  de  dos  o  tres  meses;  demostrando,  por  lo  tanto,  que  por  lo  menos  una 
gran  parte  de  los  alisios  de  los  dos  hemisferios  al  encontrarae  se  elevan  y 
forman  una  corrlente  oriental ;  que  va  ganando  en  latitud  y  al  llegar  a  derto 
paralelo,  que  Ferrel  y  Oberbeck  suponian  era  el  de  85**,  se  invierte  y  procede 
entonces  como  corrlente  del  tercer.  cuadrante. 

Esta  recurva  de  la  corrlente  del  B.  no  estd  todavfa  bien  detenninada,  aunque 
se  sabe  que  varia  con  las  estadones. 

En  realldad,  podfamos  decir  lo  mismo  de  la  compleja  drculacidn  aquf  en  los 
Tr^plcos.  Asf  se  ha  aflrmado  que  en  la  Habana  subsiste  todo  el  afio  la 
corrlente  m&s  elevada  procedente  de  la  parte  ocddental ;  lo  que  se  opone  a  una 
teorfa  anterior  segdn  la  cual  desde  fines  de  Junio  a  prindpios  de  Octubre  esta 
corrlente  superior  se  entabla  de  la  parte  del  E.,  constituyendo  argumento  para 
la  indlcad6n  de  que  los  ddones  van  dirigldos  en  sus  trayectorlas  por  las 
mendonadas  corrientes  superlores. 

Hace  algdn  tiempo  el  profesor  Bigelow  expuso  en  un  trabajo  publlcado  en  el 
Monthly  Weather  Review,  los  resultados  de  las  observaciones  nefoscdpicas  reali- 
zadas  en  las  Antillas  por  el  cuerpo  de  observadores  del  Weather  Bureau  de  los 
Estados  Unidos  y  sus  corresponsales.  Estos  conflrman  la  exlstencia  en  los 
Tr6plcos  de  la  corrlente  hacia  el  W.,  llmitada  sin  embargo  en  altitud;  es 
dedr,  que  al  llegar  a  derta  altura,  la  corrlente  se  invierte  y  se  dhrige  al  IL; 
variando  con  la  estaddn  su  veloddad  y  tambito  la  curva  que  separa  las  dos 
corrientes  opuestas.    Ija  veloddad  va  aumentando  desde  la  superflde  hasta  el 
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ntrti  dd  strato-cnmiilus ;  diflsninnye  y  llega  a  nn  mlnlmo  en  la  reglL6n  <M 
alto-stratus ;  y  desde  aquf  vuelve  a  amnentar  progreslTamente  hasta  convertirse 
en  nn  m&zlmo  en  el  nivel  del  drros.  Bstos  son  los  movimientos  estodiados 
eonjontamente,  que  snfren  Tarladones,  segtln  los  distintos  Ingares.  Asl,  en  las 
Islas  de  Barlovento  la  corriente  al  nivel  d^  strato-cumnlns  posee  una  com- 
ponente  poderoea  dirigida  hada  el  W.,  qne  casi  se  anula  al  Uegar  a  Goba. 

Resumiendo,  encoentra  BIgelow  dot  contracorrientes  en  los  cnatro  pianos 
saperiores  y  una  sola  corriente  de  la  parte  del  B.  en  los  dnco  idanos  inf eriores ; 
los  hnracanes  se  originan  &i  la  regi6n  superior  y  desc^idlendo,  son  lleivados 
bada  el  W.  por  las  OMrrientes  mAs  bajas. 

Otras  causas  adem&s  Intervienen  en  el  moyimiento  progresivo  de  los  hnra- 
canes. Una  de  ellas  se  deqprende  del  teorema  de  Ooriolis  ya  citado.  Bl  P. 
Vifies  cree  que  la  dlsposici6n  de  los  mares  y  continentes  tiene  derta  influenda 
sobre  la  recurva.  Y  pone  como  ejemplo  el  hecho  de  que  una  gran  parie  de  los 
hnracanes  de  Agoeto  recurran  en  el  Qolfo  de  Gharleston.  Algunos  vcn  derta 
ecmexite  entre  las  corrientes  ecuatoriales  en  el  Atl&ntico  dd  N.  y  las  trayecto- 
rias.  La  Influenda  de  la  dlstribud6n  de  los  dementos  meteoroldgicos  es  cad 
obria.  XTltinianiente,  d  Dr.  Hanzlik  ha  sefialado  derta  rdad6n  entre  la  di- 
recddn  y  vdoddad  dd  moyimiento  y  la  pred6n  en  d  centro  de  ddones  dipsd- 
dales.  Y  Abbe  hace  un  resumen  de  los  estudios  de  Locnnis  y  Bliot,  en  d  cual 
consigna  siete  causas  para  explicar  d  moyimiento  de  toda  tormenta.  Bstas 
son  las  dguientes : 

1* — Ijbl  preddn  desequilibrada  hada  d  norte  que  afecta  a  toda  depresldn 
segun  lo  deduddo  por  Ferrd. 

2^ — Ta  corriente  general  de  la  atmdsfera. 

9* — ^El  calor  del  Sol  que  estimula  corrientes  ascendentes  espedalmente  en 
uno  de  los  lados. 

4^ — ^La  orografla  que  pranueye  d  desarrollo  de  grandes  masas  de  nubes  y 
predpltadones  hada  la  regidn  de  barloyento  de  costas  y  montafias. 

6< — Octenos  y  lagos  que  c(mtribuyen  a  la  eyaporadto  y  humedad. 

6^— La  distribnddn  geogrAflca  de  las  Areas  de  alta  pred6n. 

7«-— La  predpitaddn  de  la  Uuyia  que  dcja  derto  calor  libre  en  la  nube. 

Numorosas  causas,  pues,  pareoen  determinar  la  trayectoria.  Pero  es  innega- 
ble  qne  entre  todas,  alguna  o  algunas  ddien  ser  las  directoras  demprev  es  dedr, 
las  causas  prkioipaleM.  De  otro  modo  no  se  explicarfan  esas  cunras  tan  regu- 
lares,  tan  geomAtricas,  que  pudieran  tomarse  por  yerdadoras  parabolas  o  hipAr- 
bdas. 

Si  estas  curyas  regulares  son  las  trayectorias  nortnaleM  y  son  en  realidad, 
tecdones  c6nicas,  entonces  con  conocer  dnco  podciones  del  v6rtice,  podriamos 
escribir  la  ecuad6n: 

«*i  ^t  If*!  «i  Jfi  1 

^4  ^4^4  y*4  «4  y4 1 

J  en  esta  determinante  estarfan  comprei^idas  las  dtadas  reglas  del  P.  Vifies. 
Bi  mAs,  d  d  ydrtice  obeded^ra  al  moyimiento  que  sefiala  la  cunra  representada 
por  la  ecuaddn  escrita,  en  todos  los  cases  nortn4Ue$,  entonces  no  t^idrlanios  que 
formular  reglas  pr&cticas,  pues  de  esa  ecuaddn  obtendriamos  todos  los  ele- 
mentos  de  la  curya ;  en  una  palabra,  conocerfamos  perfectamente  la  trayectoria. 
Pero  esto  es  ilusorio. 

68496— y<».  11—17 It 
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En  primer  logar  se  presenta  un  gran  obstAculo;  y  consiste  ^ste,  en  que  nos 
es  nniy  dlffdl  determinar  las  posiciones  exactas  del  v6rtice  coando  cnusa  por 
tierra;  y  nos  es  imposible,  en  el  estado  actual  de  la  Glenda,  fljar  esas  posi- 
ciones coando  va  el  centro  por  los  mares.  He  aquf  un  punto  interesante  que 
merece  estudiarse :  modo  de  determinar  las  posiciones  exctctas  del  v6rtice  cuando 
iste  no  cnusa  por  la  localldad  del  oboervador. 

El  profesor  Maxwell  Hall  de  Jamaica  establece  empfricamente  cierta  reladdn 
entre  el  descenso  de  la  presldn  por  debajo  de  la  media  y  la  distancia  al  y6rtlce. 
8u  ecuaci6n  fundamental  es  la  siguiente : 


en  la  cual, 

A^^descenso  de  presi6n  por  debajo  de  la  media. 
r=distancia  en  millas  entre  el  observador  y  el  borde  mAs  cercano  de  la  calma 
centraL 
aye  son  constantes. 

Bn  la  prdctica  lo  que  ^l  hace  es  hallar  el  primer  coeficiente  diferencial  de  la 
ecuaci6n  propuesta,  que  lo  conduce  a  la  f6rmula  siguiente : 

Es  decir,  la  distancia  al  centro  es  igual  al  descenso  por  debajo  de  la  media 
dividido  por  el  duplo  de  la  velocidad  de  descenso. 

Ha  apllcado  Mr.  Maxwell  Hall  sus  f6rmulas  y  siempre  ha  obtenido  resultados 
satisfactorioB. 

Otros  problemas  que  est6n  fntimamente  relacionados  con  el  anterior,  son  los 
de  determinar  el  mfnimo  en  el  centro,  cuando  no  cnusa  el  v6rtice  por  la  locall- 
dad; y  conoddas  solamente  dos  alturas  barom^tricas  en  una  localldad,  hallar 
la  bora  en  que  ocurre  la  minima,  y  su  magnitud  para  dicha  localidad,  que  co- 
rresponde  en  tesis  general  a  la  mayor  aproximaci6n  del  centro  tempestuoso  a 
ella. 

Estudios  de  esta  naturaleza  ha  efectuado  el  Catedr&tico  del  Institute  de 
Segunda  Ensefianza  de  Camagiley,  Dr.  Florentino  Romero,  Corresponsal  del 
Observatorio  Nacional,  en  aquella  poblaci6n. 

De  modo,  que  si  logrftramos  fijar  exactamente  las  situaciones  del  vdrtice, 
entonces,  suponiendo  el  movimlento  parab6lico,  con  cuatro  distintas  posiciones, 
podriamos  trazar  la  trayectoria,  haciendo  siempre  la  conyenci6n  de  tomar 
coordenadas  cartesianas,  porque  desde  un  punto  de  vista  m6s  riguroso,  debleran 
ser  polares  con  origen  en  el  centro  del  planeta. 

Queremos  ahora  indicar  el  m&a  bello  problema  relacionado  con  las  tormentas 
tropicales :  el  estudio  de  la  marcha  que  ha  de  seguir  un  huracdn  conoddas  las 
fuerzas  primordiales  y  la  posici6n  inicial.  Es  an&logo  al  problema  en  Mec&nica 
Celeste  de  hallar  los  elementos  de  una  6rbita  conoddas  las  coordenadas  en  una 
posici^n,  que  puede  tomarse  por  inicial  y  las  componentes  de  la  veloddad.  Pero 
el  caso  presente  es  mucho  mds  complicado.  No  se  trata  de  fuerzas  centrales; 
no  se  trata  de  leyes  tan  sencillas  como  la  newtoniana.  Aquf  hay  probablemente 
muchas  fuerzas  que  variardn  de  distintas  maneras,  segiln  leyes  que  ahora  ni 
siquiera  sospechamos.  Natural  mente,  el  resultado  de  conslderar  todas  esas 
fuerzas,  si  es  que  algtin  dfa  llegamos  a  descubrirlas,  serd  expresado  matemdtica- 
mente,  en  t^minos  de  funciones  altamente  trascendentales,  cuya  soluci6n  serd 
tan  dlffdl  o  mds  que  la  del  c^lebre  problema  de  los  tres  cuerpos  en  Astronomfa. 

He  aquf,  por  lo  tanto,  seHalado  un  camino  para  los  investigadores  en  el 
campo  de  la  Meteorologfa  Dindmica:  el  estudio  de  las  fuerzas  que  intervienen 

Digitized  by^OOQlC;^ 


A8TB0N0MY,  MBTEOBOLOQT,  AND  SEI8M0L0QT.  53 

en  el  moviiiitaito  de  traslacU^  de  todo  huracdn;  el  modo  de  variar  de  estas 
foersas,  o  lo  Que  es  lo  mUano,  las  leyes  que  cobiernan  a  eataa  fnerzas;  el 
planteo  &a  t^rminos  de  ecuadoiieB,  de  estas  re^adonea  tbdcaa ;  y  su  resolnddn, 
que  dariL  la  corva  deaeada. 

OCro  iiroblema  no  meBOB  compllcado  que  el  anterior,  es  ^  an&logo  al  de  las 
perturtmcfonee  que  sufren  los  cuerpos  celestes  en  virtud  de  sus  mutnas 
atracdones. 

iQn^  inflnenda  tlene  nn  centro  de  minima  sobre  otro  tambi^  de  minima? 

iQud  efecto  produce  la  aproxlmaci6n  de  un  centro  de  alta  presl6n  sobre  el 
moYlmlanto  de  nn  hurac&n?    ^Y  dos  centros? 

iGn61  es  la  Influencla  qne  ejerce  una  deiHresl6n  en  el  movlmiento  de  un  centro 
de  mAxima? 

Bstamos  hadendo  estas  preguntas  con  la  Idea  de  obtener  resultados  cuantl- 
tativoB,  no  euaUtativo$.  La  observacldn  nos  habr&  ensefiado  que  un  centro  de 
minima  no  Intents  nunca  partlr  en  dos  a  un  centro  de  m&xlma.  Vifies  nos 
podriL  dedr  que  cuando  las  corrlentes  superlores  de  dos  clclones  slmultAneos 
se  ponen  ^i  contacto,  estos  reacdonando,  tlenden  a  repelerse  mutuamente. 
Gullbert  nos  habrd  definido  el  camlno  de  menor  reslstencia  para  la  marcha  de 
las  depreslones.  Hasta  podrlamos  Indlcar  la  lnflexl6n  que  sufrlrfa  la  trayec- 
torla  de  nn  huracdn  con  motivo  de  la  aproxlmacl6n  de  un  fuerte  antidd6n. 
Pero  r^[)eftimo8,  todas  estas  conslderadones  son  cualltatlvas  y  no  cuantltatlvas ; 
no  pued^i  ezpresarse  en  t^rmlnos  matemdtlcos,  es  dedr,  por  medio  del 
slmbollsmo  usual.  Y  sin  este  requislto,  se  ve  imposlbllltada  la  Meteorologia 
DinAmlca  para  resolver  el  problema.  Debemos  conslgnar,  sin  embargo,  que 
algunos  meteorologistas  lo  ban  estudlado  profundamente ;  entre  otros  el  Japonds 
Diro  Kitao. 

De  modo  que  este  problema  de  trayectorias,  aparentemente  se  resolverd 
slgulendo  uno  de  dos  m^todos : 

Por  el  prlmero,  conoddas  las  fnerzas  y  una  posld6n  cualquiera  de  la  tormenta 
o  sea,  de  su  vdrtice,  se  calcularfa  la  trayectorla  normal.  AquI  no  entrarlan  en 
Juego  las  acd<Hies  y  reacdones  de  otros  centros  aptoa  para  Influir  sobre  la 
marcba  del  huracdn.  Pero  el  problema  exlge  que  dlstlngamos  los  aptos  de  los 
no  aptos,  por  mds  que,  desde  el  punto  de  vista  flslco,  todos  intervlenen  en  el 
IHx>blema.  Asf  es  que  tendrfamos  que  Ir  calculando  de  tiempo  en  tiempo,  es 
dedr,  en  las  ^igt«"^<»««  posldones  que  el  vdrtice  fuera  tomando,  los  i)erturbaciones 
c  desYladones  que  sufrlrfa  la  trayectorla  normal,  por  efecto  de  la  influencla  de 
otros  centros  cercanos. 

El  segundo  m^todo,  indlscutiblemente  mds  elegante,  consistirla  en  Introducir 
desde  el  princlpio  en  las  ecuadones  de  movlmiento,  las  perturbadones  que  estos 
centros,  que  scrdn  vednos  en  alguna  ^poca  de  la  vida  del  meteoro,  van  a 
ocaslonar  en  su  marcha  normaL  Para  esto  tendrfamos  que  oonocer  por  supuesto 
las  leyes  de  estas  Influendas. 

Y  si  bien  es  verdad  que  al  matemdtlco  no  le  cuesta  nlngtin  trabajo  pensar  en 
la  reec^uddn  del  problema,  dadas  las  fnndones  perturbadoras,  tambldn  es  derto 
que  el  ffsioo  se  agotarfa  en  su  esfuerso  por  encontrarlas,  si  es  que  algtin  dfa 
lolograra. 

BBSXTIOBN. 

En  el  presente  trabajo  hemes  conslderado  los  puntos  de  origen  de  los  hura* 
canes  de  las  Antnias,  exponlendo  los  resultados  del  P.  Ylfies,  y  los  dates  que 
arrojan  las  redentes  Investlgadones  del  Servldo  Meteorol6glco  de  los  Estados 
Unldos;  llegando  a  fljar  dertas  reglones  que  son  las  mds  fecundas  para  la 
generad6n  de  esta  dase  de  ddones.    Pero  con  todo,  son  varlas  las  anomalfas 
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observadas,  que  Indlcan  que  las  causae  generatrices  sufren  a  su  vez  una  gran 
variacidn  y  que  estas  variaciones  deben  ser  estudladas.  Lo  tlnico  que  podemos 
aflrmar,  en  tesis  general,  es  que  las  tormentas  tropicales  se  generan  en  el 
anlllo  parab4)lico  ya  Indicado,  que  se  extiende  desde  las  Islas  de  Gabo  Verde 
al  €k>lfo  de  Mexico;  not&ndose  que  al  comenzar  y  termlnar  la  estacl6n  clcl6- 
nlca,  los  puntos  de  orlgen  tlenden  a  surglr  en  la  parte  occidental  del  moiclonado 
anlllo;  mlentras  que  a  medlados  de  estacidn,  en  pleno  perfodo  de  actlvldad, 
esos  puntos  Inlclales  manlflestan  la  tendencla  a  engendrarse  en  la  regl6n 
oriental. 

Una  vez  conslderados  aquellos  puntos  en  los  cuales  se  genera  la  clase  especial 
de  dclones  conodda  con  el  nombre  de  huradln  de  las  Antlllas,  pasamos  in- 
medlatamente  a  dedlcar  nuestra  atencl6n  al  problema  de  su  genesis  y  caosas 
que  la  determinan.  Del  estudlo  de  las  teorfas  que  pretenden  expllcar  el 
fen6meno  de  la  fomiacl6n  del  meteoro,  resalta  la  tendencla  modema,  de 
referlr  a  la  hii)6tesls  dlnftmlca  el  momento  Inlclal  de  todo  clcl6n.  Y  si  blen  es 
clerto  que  el  razonamlento  se  ajusta  perfectamente  a  los  cidones  de  latitudeB 
medlas,  no  es  menos  evldente  que  muchos  fen6menos  de  las  tormentas  tropi- 
cales responden  mejor  a  la  hlp6tesls  modlficada  de  la  condensad6n. 

Queremos  volver  a  llamar  la  atend6n  acerca  de  la  8olud6n  que  ofrece  Davis : 
la  energfa  solar  que  se  va  acumulando  en  la  regi6n  Inferior  de  la  atm6sfera; 
la  calma  precedente  al  movlmlento  glratorlo;  y  flnalmente,  la  Inflnenda  de  la 
rotaci6n  del  planeta.  A  esto  podemos  agregar  tambi^  la  Inflnenda  de  co- 
rrlentes  opuestas  de  dlstlntas  temperaturas  que  no  niega  el  antor  dtado. 

For  otro  lado,  hay  que  tener  en  cuenta  el  gran  peso  de  la  opinidn  de  Bigdow, 
resultado  de  reclentes  investigadones :  el  primer  giro  del  remoUno  se  esta- 
blece  en  las  capas  superlores,  en  la  zona  comprendlda  entre  el  alto-stratus 
y  el  drrus. 

Asf  es  que  el  problema  estd  muy  lejos  de  haber  sldo  resudto. 

Debemos  formular  las  slgulentes  preguntas: 

^Asdende  o  desdende  el  remolino? 

SI  desdende,  ^encontrarA  slempre  las  condlciones  proplclas  para  su  desa- 
rrollo? 

SI  asciende,  £le  aportardn  en  todos  los  casos  las  corrlentes  superlores  los 
elementos  necesarlos  para  su  desenvoMmlento? 

M6s  adelante,  al  tratar  sobre  las  trayectorlas  de  los  huracanes,  hemes  sefia- 
lado  la  marcha  normal  en  las  dlstlntas  ^pocas,  exponlendo  las  reglas  prdctlcas 
conoddas  quo  slrven  de  gula  al  observador. 

Esto  nos  ha  Uevado  a  la  conslderacl6n  de  las  fuerzas  que  Impden  al  meteoro 
en  su  curso  parabOlico ;  de  todas  estas  hay  una  que  parece  deja  sentlr  su  Influ- 
enda  de  una  manera  especial ;  nos  referlmos  desde  luego,  a  la  corriente  superior. 

Y  flnalmente,  ha  sldo  nuestro  prop6slto  conslderar  la  marcha  desde  un  punto 
de  vista  matemdtico;  Uegando  a  la  conclusldn  de  que,  dados  los  datos  de  que 
podemos  dlsponer,  son  los  resultados  m&B  ilusorios  que  reales. 
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The  Chairman.  I  am  sure  I  express  the  feeling  of  all  the  members 
present  when  I  siay  that  we  are  greatly  indebted  to  Senor  Millas  for 
this  explicit,  interesting,  and  comprehensive  discussion  of  West 
Indian  hurricanes.    I  hope  the  paper  will  be  fully  discussed. 

Hereupon  followed  a  discussion  in  Spanish.  Discussion  not 
reported. 

The  Chairbcan.  I  will  ask  you  to  listen  now  to  the  paper  on 
"  Thundei'storms,"  by  Mr.  William  H.  Alexander,  of  the  United 
States  Weather  Bureau,  at  Cleveland,  Ohio.  Mr.  Alexander  has 
been  unable  to  attend  the  meeting  personally.  His  paper  will  be 
read  by  Prof.  Henry,  of  the  Weather  Bureau. 


THUNDERSTORMS. 

By  WILLIAM  H.  ALEXANDER," 
Meteorologisi,  U.  B,  Weather  Bureau,  Columhua,  Ohio, 

The  physical  characteristics  of  the  tjrpical  thunderstorm  are  such  that  it 
has  ever  held  a  unique  place  in  the  world  of  human  thought  and  speculation 
as  evidenced  by  its  large  and  conspicuous  place  in  ancient  mythology,  by  its 
scarcely  less  conspicuous  place  in  the  history  and  literature  of  the  ages,  and 
by  the  earnest  consideration  it  has  received  from  the  brightest  minds  of  the 
scientific  age.  Not  only  so,  but  these  same  characteristics  assure  it  a  place  of 
real  and  permanent  interest  in  our  present  and  future  thinking  along  meteoro- 
logical lines.  We  are  told  upon  apparently  good  authority  (1)  that  more 
myths  have  gathered  about  the  thunderstorm  and  its  phenomena  than  about 
any  other  natural  phenomenon,  except  possibly  the  phenomena  of  light  and 
darkness.  When  we  remember  the  majestic  roar  of  the  thunder,  the  darkness 
of  the  sky,  the  lurid  glare  of  the  clouds,  the  ominous  stUlness  of  the  air, 
and  the  indescribable  effect  of  the  highly  electrified  bodies  on  the  nerves  of 
many  people,  we  are  quite  prepared  to  believe  it.  If  these  storms  inspire  so 
much  terror  to  the  human  mind  in  a  scientific  age,  with  what  unspeakable 
awe  must  the  primitive  mind  have  regarded  them.  No  wonder  the  thunder* 
storm  was  looked  upon  as  a  mystery  that  pressed  for  solution  or  explanation. 
These  early  "explanations"  have  come  down  to  us  as  myths,  which  are  of 

1  For  numbers  of  reference,  consult  bibliography  at  close  of  paper. 
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Interest  to  us  chiefly  because  they  constitute  the  first  efforts  of  the  human 
mind  to  explain  natural  phenomena.  We  of  to-day,  however,  no  longer  re- 
gard the  thunderstorm  as  an  object  of  terror  and  of  mystery,  but  rather  as 
a  natural  phenomenon  of  great  economic  and  scientific  interest  and  im- 
I)ortance;  one  worthy  of  our  best  and  most  serious  consideration.  The 
physics  and  physical  features  of  the  thunderstorm  are,  we  believe,  quite  well 
understood.  These  have  been  ably  and  fully  discussed  by  my  friend  and 
coworker.  Prof.  W.  J.  Humphreys,  (2)  but  closely  associated  with  and  re- 
sulting from  these  storms  are  other  problems  of  great  practical  importance — 
problems  the  magnitude  and  importance  of  which  are  not  always  fully 
appreciated. 

The  present  paper  is  concerned  primarily  with  the  statistical  and  practical 
Ride  of  this  problem,  and  for  obvious  reasons,  these  statistics  will  relate  very 
largely  to  the  thunderstorms  of  the  North  American  Continent,  and  more  espe- 
cially to  those  of  the  United  States. 

In  the  first  place,  one  is  impressed  with  the  almost  endless  variety  and  varia- 
tions met  with  in  the  general  study  of  these  storms.  This  is  true  whether  we 
are  considering  the  attendant  circumstances,  the  varying  degree  of  intensity 
exhibited  by  them,  the  frequency  of  occurrence,  the  resulting  effects,  the  dis- 
tribution through  the  day,  the  year,  or  over  the  earth's  surface,  or  whether  we 
are  considering  the  causes  operating  m  produce  and  to  maintain  these  storms. 
Variety  everywhere.  A  proper  discussion  of  any  one  of  these  lines  would  more 
than  exhaust  the  limits  of  this  paper. 

First  of  all,  let  us  consider  briefly  the  question  of  their  geographical  distribu- 
tion over  the  surface  of  the  earth.  On  this  point,  meteorologists  are,  as  yet, 
obliged  to  speak  with  considerable  caution  and  in  very  general  terms.  The 
paucity  of  available,  reliable  data  is  quite  surprising.  The  inadequacy  of  such 
data,  however,  is  admitted  and  even  deplored  by  Klossovsky  (3),  by  Hann  (4), 
and  by  Loisel  (5).  It  is  true  we  have  fairly  creditable  records  for  many  indi- 
vidual stations  and  even  for  limited  portions  of  the  earth's  surface,  but  un- 
fortunately even  the  data  we  have  are  scarcely  comparable  because  of  a  lack 
of  agreement  among  observers  as  to  Just  what  constitutes  a  thunderstorm.  Just 
here  we  Americans  ought  to  take  a  step  forward. 

The  thunderstorm  is,  in  a  very  important  and  large  sense,  a  local  phenome- 
non. Whether  or  not  a  thunderstorm  occurs  at  a  given  station,  the  frequency 
of  its  occurrence,  its  intensity,  the  time  of  day  or  night  that  it  occurs,  etc.,  are 
all  more  or  less  determined  by  local  conditions.  It  hardly  seems  sufllcient  to 
■ay  that  the  geographic  distribution  of  the  thunderstorm  may  be  safely  inferred 
from  the  fact  that  it  is  caused  by  strong  vertical  convection  of  humid  air.  The 
classic  effort  of  Prof.  Klossovsky  to  show  the  distribution  of  the  thunderstorm 
over  the  whole  world  was  a  very  bold  one,  nor  am  I  prepared  to  say  it  has  not 
served  a  very  useful  purpose,  but  with  all  due  respect  to  the  learned  author 
I  must  say  that  if  his  chart  does  not  represent  the  other  i)ortions  of  the  earth's 
surface  better  than  it  does  the  United  States,  it  is  decidedly  inadequate.  Com- 
pare, if  you  please,  his  chart  with  Fig.  1,  showing  the  distribution  of  thunder- 
storms over  the  United  States. 

It  is  probably  safe  to  say  that  the  thunderstorm,  in  one  form  or  another, 
occurs  at  some  time  or  other,  in  practically  all  parts  of  the  world,  but  from  our 
knowledge  of  the  causes  and  conditions  essential  and  most  favorable  for  its 
development,  and  from  what  we  know  of  the  meteorological  conditions  ordi- 
narily prevailing  over  the  various  portions  of  the  earth,  we  are  very  sure  that 
it  is  extremely  rare  over  large  areas,  and  some  parts  of  the  earth's  surface  may. 
indeed,  be  entirely  exempt.     The  teaching  so  often  met  with  in  textbooks  on 
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meteorology  that  there  Is  a  maxlintim  of  thunderstcHnns  at  the  Bquator  and 
that  the  '*  number  decreases  rapidly  from  the  Bquator  to  the  poles  **  is,  we  be- 
lieve, open  to  serious  criticism.  Latitude  is  in  no  sense  a  determining  factor, 
nor  is  it  a  measure  of  storm  frequency.  Under  the  conditions  known  to  exist 
in  the  polar  regions,  we  would  naturally  expect  few  manifestations  of  this  phe- 
nomenon in  those  parts  of  the  world,  but  arctic  explorers  (7)  tell  us  thunder- 
storms do  occur  even  in  the  arctic  regions  although  whole  summers  may  pass 
without  the  occarrwice  of  a  single  storm.  In  Alaska  thunderstorms  occnr  on 
an  average  three  or  four  times  a  year  (8),  whereas  in  southern  Canada  we 
find  three  or  four  times  that  number  per  year.  As  for  the  United  States,  wo 
may  point  out  the  important  fact  that  there  are  two  centers  of  great  activity . 
one  over  the  east  Gulf  States,  where  the  annual  rainfall  is  heavy,  and  tho 
other  over  northern  New  Mexico,  where  the  rainfall  is  very  light 

The  Pacific  coast  is  practically  free  from  thunderstorms,  certainly  of  destruc- 
tive ones,  whereas  they  are  quite  numerous  along  the  Atlantic  Coast  Our  data 
for  the  Republic  of  Mexico  are  fragmentary  (9)  and  for  a  very  short  period  of 
time--only  five  years,  1906-1910,  inclusive.  But  it  is  very  evident  that  in  the 
vicinity  of  the  City  of  Mexico  100  thunderstorms  or  more  occur  annually.  At 
the  City  of  Mexico  123  storms  were  recorded  in  1907,  and  ISO  in  1908.  At 
Peto  (Yucatan)  137  were  recorded  in  1907,  112  in  1908,  and  118  in  1909.  At 
Xcalac,  Territory  of  Quintana  Roo  (on  the  Yucatan  Peninsula),  a  thunderstorm 
was  recorded  each  day  in  the  month  of  August,  1910.  The  same  thing  occurred^ 
however,  at  Tampa,  Fla.,  in  July,  1904,  and  at  Santa  Fe,  N.  Mex.,  in  July,  1908. 
Statistics  for  Central  and  South  America  were  not  avnilable  at  the  time  this 
paper  was  prepared,  and  so  we  can  not  speak  for  those  countries.  On  the 
Island  of  Porto  Rico,  however,  we  find  that  the  number  of  thunderstorms  per 
year  is  about  the  same  as  in  the  central  portions  of  the  United  States ;  that  is, 
between  45  and  50.  But  on  the  Island  of  Antigua,  conHlderably  farther  south* 
only  about  one-third  as  many  storms  occur  (17).  For  the  complete  solution  of 
this  great  problem  we  must  have  the  united  and  full  cooperation  of  all  the 
nations  of  the  earth  working  under  uniform  rules  and  for  one  great  purpose. 
Here  again  let  the  Americas  lead. 

Another  phase  of  the  thunderstorm  problem  that  possesses  great  interest  as 
well  as  practical  value  in  many  parts  of  the  world  is  the  matter  of  precipita- 
tion attending  these  storms,  especially  excessive  precipitation,  whether  rain  or 
halL  We  use  the  term  *'  excessive  precipitation  "  in  a  technical  s^ise ;  that  is, 
as  it  is  used  by  the  United  States  Weather  Bureau.  Precipitation  is  considered 
as  excessive  "  when  it  equals  or  exceeds  1  inch  in  1  hour,  or  2.50  inches  in  24 
consecutive  hours."  For  shorter  periods  the  following  are  the  limits  at  which 
precipitation  is  regarded  as  excessive,  viz,  0.25  Inch  in  5  minutes ;  0.80  inch  in 
10  minutes ;.  0.85  inch  in  15  minutes;  0.40  inch  in  20  minutes;  0.45  inch  In  26 
minutes;  0.50  inch  in  30  minutes;  0.55  inch  In  35  minutes;  0.60  inch  in  40 
minutes;  0.65  inch  in  45  minutes;  0.70  inch  in  50  minutes;  0.80  inch  in  60 
minutes. 

Figure  1  shows  the  distribution  of  thunderstorms  over  the  United  States. 
We  are  also  showing,  in  figures  2,  3,  4,  and  5,  the  relation  of  the  monthly 
rainfall  to  the  total  number  of  thunderstorms  at  the  four  stations — Cleveland, 
St.  Louis,  Tampa,  and  Santa  Fe.  These  particular  stations  were  selected  be- 
cause they  represent  very  different  parts  of  the  country;  Cleveland  is  in  the 
Lake  region,  St  Louis  is  in  the  central  portion,  Tampa  is  on  the  Qulf  Oiast, 
and  Santa  Fe  is  in  the  elevated,  semiarid  portion  of  the  Southwest  But  these 
alone  do  not  bring  out  the  one  feature  I  desire  to  emphasize,  namely,  the 
excessive  precipitation  that  so  often  attends  the  thunderstorm  in  many  parts 
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of  our  country*  I  l^a^e  therefore  secured  and  present  herewlOi  in  tabular 
form  (Tables  1,  2,  and  3)  some  very  interesting  data  from  a  small  number  of 
selected  stations  well  distributed  over  the  country.  The  last  column  of  Table  1 
shows  what  per  cent  of  all  the  cases  of  excessive  precipitation  is  the  result  of 
or  incident  to  the  thunderstorms.  As  will  be  seen  these  percentages  range  from 
06  to  100 — a  very  significant  fact  At  Bismarck,  Denver,  and  Santa  Fe,  for 
example,  excessive  precipitation  never  occurs  except  in  connection  with  a 
thunderstorm. 

Table  1. — Showing  location,  elevation,  average  number  of  thunderstorms  per 
year,  and  the  percentage  of  instances  of  excessive  precipitation  associated 
with  thunderstorms,  for  a  few  selected  stations. 


stations. 

LaUtode. 

Ixmgt- 
tode, 

ElevmtioQ 

above  sea 
level). 

Avmge 

numbar 

nper 

Perant- 
a«e,e(e. 

Atlanta.  Ga 

•     # 
83    46 

46    47 
42    21 
41    03 
41    30 
30    46 

29  18 

30  20 
29    68 
40    43 
46    32 
38    38 

37  48 
36    41 
27    67 

38  64 

•      1 
84    33 

100    38 
81      4 
87    37 
81    42 

106    00 
94    60 

81  39 
90    00 
74    00 

122    43 
90    12 
122    26 
105    67 

82  27 
77      3 

1.174 

1,674 

126 

505 

762 

»'^ 

43 

61 
314 

57 

567 

166 

7,013 

67 
112 

62.6 
2&6 
l&O 

4ao 

38.4 
46.7 
48L1 
70.6 
74.4 
28.4 
6.4 
52.6 

a8 

73.2 
04.4 
30.2 

Peremt. 
96 

wifniM^ir  N  Pair 

100 

Boston,  l^ass 

66 

Chicago,  111 

94 

Cleveland.  Ohio 

94 

Denver,  Ciblo 

100 

Galveston.  Tex 

SI 

Jacksonvlue,  Fla 

73 

New  Orleans  La      

87 

New  York,  N.  Y 

06 

Portland  Oreg         

"•. 

St.  Louis,  Mo 

Sftn  Fran'^i'fC",  f^fi) .... 

^,no 

Santa  Fe.  N.  Mex 

Tampa,  1*  ia ^ 

S4 

Warfffigtfln,  P.  f" 

87 

>  Rxoent?«  predpitatloD  practicaUy  unknown  at  this  station;  bat  fow  thnnderstorms  and  these  of  a 
mUdform. 
*  See  note  by  Mr.  Wfllson  relative  to  thcmderstonns  and  exoeasive  predpttatlon  at  San  Frandaoo. 

Table  2. — Showing  m^iximum  precipitation  in  short  periods  of  time  during 
thunderstorms  at  a  few  selected  stations  {in  inches). 


Station. 

Date. 

nL 

10 
min. 

16 
min. 

80 
min. 

hour. 

2 
hours. 

34 
hours. 

Mar.  26, 1901 
Mar.     14-16, 

1912. 
Aug.  20, 1914. 
Aug.  19, 1901. 
Sept.  1-2, 1901 
May  27, 1808.. 
Apr.  22, 1904.. 
May  9. 1907... 
Oct.  6.  1910.. 
Oct.  2^1913.. 
Aug.  27, 1906. 
Sept.  6, 1907.. 
June  22, 1909. 

Oct.  8-9, 1913. 
July  2. 1906... 

a6o 

1.00 

1.30 

A  f  lATita     Po 

3.46 

2.02 
1.78 

8.33 

Cleveland,  Ohio | 

.72 

1.20 

1.47 

Denver,  Cok) 

.61 
.60 
.64 
.74 

.04 
1.17 
1.23 
1.82 

"i'.io 

1.38 
1.38 
1.80 
1.17 

^¥7 

2.67 
1.63 
3.06 
2.77 
1.06 
1.10 

i.41 
1.66 
4.36 
6.81 
2.20 
2L06 

7.68 

0L2I 

6.31 
6.61 

'ii'io 

Jacksonville,  Fla 

.88 
.88 
.74 

.28 

.62 
.90 
1.26 

.41 

.87 
1.11 
1.63 

.66 

NewYork,  N.  Y 

2L09 
.99 

3.90 

1.49 
2L02 
8.13 

i'66 
2.43 

Santa  Fe,  N.  Mex 

0L4O 

Tampa,  Fla j 

June  20, 1906. 
June  27, 1913. 

.68 
.61 

.08 
1.03 

1.36 
1.30 

2.39 
1.71 

8.60 
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If  we  CKHisider  the  relatiye  frequency  of  excessive  precipitation  and  its 
coincidence  witli  thunderstorms  by  months,  at  the  individual  stations,  we 
quickly  arrive  at  some  very  interesting  and  suggestive  results.  For  instance, 
take  the  reoMrd  at  New  York  City  for  the  past  20  years ;  this  shows  tlie  fol- 
lowing percentage  for  each  month:  January,  none;  February,  SO  per  c^it; 
Marcti,  none;  April,  none;  May,  40  per  cent;  June,  83  per  cent;  July,  90  per 
cent;  August,  57  per  cent;  September,  73  per  cent;  October,  50  per  cent;  No- 
vember, none;  Dec^nber,  none.  Regarding  the  months  having  ''none**  it 
should  be  stated  that  during  this  period  (20  years)  there  was  not  an  instance 
of  excessive  precipitation  in  tlie  months  of  January  and  December,  only  two  in 
Mandi,  and  one  each  in  April  and  November.  Nor  was  there  a  thunderstorm 
in  any  one  of  the  five  months  mentioned  during  that  time. 

In  Table  2  v^e  show  some  of  the  greatest  excessive  rates  for  short  periods  of 
time,  5,  10,  15  minutes,  etc  When  these  figures  are  understood  in  all  their 
significance  they  are  simply  astounding.  They  indicate  to  us  something  of  the 
enormous  energy  sometimes  expended  during  the  life  of  one  of  these  storms. 
Think  of  the  tons  upon  tons  of  water  precipitated,  for  example,  during  a  storm 
like  the  one  at  Galveston,  Tex.,  on  October  22,  1913,  when  5.31  inches  of  rain 
fell  in  one  hour  and  m<Nre  than  12  inches  in  24  consecutive  hours,  or  of  the 
storm  at  New  York  on  October  8-9,  1913,  when  more  than  9  inches  fell  in  24 
hours.  Calculate  what  that  means  in  tons  of  water  over  even  a  small  area. 
Here  is  where  the  thund^storm  interests  the  engineer,  as  well  as  all  others 
having  interests  aifected  by  fiood  conditions. 

In  this  connection  it  is  interesting  to  recall  what  Eiphistone  (10)  tells  us  re- 
garding the  beginning  of  the  monsoons  in  India.    He  says : 

The  setting  in  of  the  monsoons  in  India  is  accompanied  by  such  an  electric 
convulsion  as  can  scarcely  be  imagined  by  those  who  have  only  seen  that  phe- 
nomttion  in  a  temperate  climate.  It  generally  begins  with  violent  blasts  of 
wind,  which  are  succeeded  by  floods  of  rain.  For  some  hours  lightning  is  seen 
almost  without  intermission.  *  *  *  During  all  this  time  the  distant  thunder 
never  ceases  to  roll,  and  is  only  silenced  by  some  nearer  peal,  which  bursts 
upon  the  ear  with  such  a  sudden  and  tremendous  crash  as  can  scarcely  fall  to 
strike  the  most  insensible  heart  with  awe. 

We  are  also  told  by  Mr.  Murray  (10)  that  in  some  parts  of  the  Pyrenees 
storms  continue  for  three  or  four  days  and  that  he  was  informed  of  one  that 
continaed  for  nearly  six  weeks.  During  this  time,  it  is  said,  there  was  "no 
abatem^it  in  th^  thunderlngs,  no  interval  in  the  lightnings,  no  cessation  in  the 
rains  ** ;  and  that  "  the  people  gave  themselves  up  for  lost,  under  the  persuasion 
that  the  book  of  human  history  was  about  to  be  closed  forever."  Traditional 
as  this  may  seem,  it  is  highly  probable  that  it  grew  out  of  a  very  serious  fact 

In  contrast  to  these  flood-inroducing  storms,  we  find  in  many  parts  of  the 
world,  especially  in  mountainous  and  semiarid  regions,  the  so-called  rainless 
thunderstorm  (11).  These  storms  are  '* rainless"  in  the  sense  only  that  no 
rain  reaches  the  earth's  surface,  I  presume.  The  rainless  variety  is  occasionally 
met  with  in  very  unexpected  places.  Mr.  John  Aitken  (11)  tells  us  of  the  rain- 
less  thunderstorms  of  his  native  heath  and  points  out  tliat  at  Falkink,  situated 
in  the  shallow  valley  between  the  firths  of  Forth  and  Clyde,  only  one  **  good 
stxHin  "  has  occurred  within  his  recollection.  Rainless  thunderstorms  are  more 
or  less  conunon  in  the  semiarid  regions  of  the  United  States  and  along  the 
Pacific  coast 

There  is  stfll  another  dass  of  thunderstorms  about  which  we  must  speak,  and 
that  is  the  storms  that  occur  on  mountain  peaks.  Our  observational  data 
r^arding  these  storms  are,  necessarily,  limited,  but  there  is  sufficient  evidence 


Digitized  by  VjOOQIC 


66  PB0GEEDIN6S  SBGOND  PAN  AMBBICAN  SCIENTIFIO  G0NGBE88. 

to  show  that  these  storms  possess  a  peculiar  Interest  There  Is  or  was  a  theory 
abroad  In  the  land  that  the  great  mountain  peaks  of  the  earth  act  as  gigantic 
lightning  rods,  between  which  and  the  clonds  sUent  discharges  take  place  on  a 
yast  scale.  This,  if  true,  may  account  for  the  peculiar  nature  of  our  mountain- 
top  thunderstorms.  It  Is  said  (12)  that  thunderstorms  are  rare  In  Chile,  and 
one  explanation  given  is  that  the  Andes  act  as  lightning  rods,  as  Just  stated. 
It  is  said  that  visible  discharges  occur  during  the  warm  season,  from  late 
spring  to  autumn,  and  appear  to  come  especially  from  certain  points.  Accord- 
ing to  Dr.  Knoche  they  are  confined  almost  exclusively  to  the  Andes  proper, 
or  Cordillera  Real  as  distinguished  from  the  coast  Cordillera.  Viewed  from 
a  favorable  point  near  their  origin  there  is  seen  to  be,  at  times,  a  constant 
glow  around  the  summits  of  the  mountains,  with  occasional  outbursts,  which 
simulate  the  beams  of  a  great  searchlight  and  may  be  directed  westward  so 
as  to  extend  out  over  the  ocean.  The  color  of  the  light  is  a  pale  yellow,  rar^ 
reddish.    This  display  is  especially  magnificent  during  earthquakes. 

As  an  actual  instance  of  a  mountain-top  thunderstorm  I  know  of  no  more 
interesting  account  than  that  of  Prof.  J.  B.  Church,  Jr.  (13),  in  which  he 
tells  of  a  storm  which  occurred  on  October  20,  1907,  during  a  visit  to  the 
summit  of  Mount  Rose,  Nev.,  (10,800  feet)  in  company  with  Capt.  R.  BC 
Bramblla,  United  States  Army.  Bir.  Church's  story  is  graphic  and  concise 
and  I  prefer  to  give  it  in  his  own  words.    He  says : 

The  storm,  which  was  mainly  electrical  in  nature,  displayed  itself  first  on  the 
evening  of  Friday,  October  19,  1907,  in  a  heavy  cloud  mass  lying  close  along 
the  crest  of  the  Carson  Range  north  of  Mount  Rose,  but  in  no  wise  involving 
Mount  Rose  itself.  The  flashes  of  lightning  were  frequent  and  heavy.  Little 
thunder,  if  any,  however,  was  heard.    ♦    ♦    ♦ 

As  night  (Oct  20,  1907)  darkened,  a  moderate  storm  of  hail  and  snow  with 
rain  began  to  fall.  The  pack  horse,  which  had  been  stabled  on  a  t^race  Just 
below  the  observatory,  was  covered  from  tall  to  ears  to  protect  him  from  the 
pelting  missiles. 

The  electric  display  then  began.  Fhrst  a  dull  detonation  to  the  south,  and, 
after  an  Interval,  a  flash  at  the  obs^vatory  as  if  thete  were  wires  in  the  ob- 
servatory and  electricity  had  struck  them.  To  this  we  paid  little  heed,  for  the 
occurrence  was  trivial.  After  a  time,  however,  a  crash  100  feet  below  us  and 
perhaps  500  feet  away,  and  the  Immediate  terror  of  the  horse  drew  us  to  the 
door. 

As  we  emerged  every  artificial  projection  on  the  summit  was  giving  forth  a 
brush  discharge  of  electricity.  The  corners  of  the  eaves  of  the  ol^ervatory 
(covered  with  malthold  roofing),  the  arrow  of  the  wind  vane,  ti^e  cups  of  the 
anemometer,  each  sent  forth  its  Jet,  while  the  high  intake  pipe  of  the  precipita- 
tion tank  on  the  apex  of  the  summit  was  outlined  with  dull  electric  fire. 

Whenever  our  hands  arose  in  the  air  every  finger  sent  forth  a  vigorous  flame, 
while  an  apple,  partially  eaten,  in  the  hand  of  Capt  Bramblla,  sent  f<Hrth  two 
Jets  where  the  bite  left  crescent  points.  This  latter  phenomenon  occurred, 
however,  only  when  the  apple  was  raised  above  the  head  and  ceased  when  it 
was  lowered,  so  that  the  eating  of  the  apple  involved  no  visible  eating  of  flame. 

To  cap  the  climax,  my  felt  hat  above  the  brim  flashed  suddenly  into  flame.  I 
could  feel  the  draft,  and  it  seemed  to  me  I  could  hear  it,  too.  The  halo  was 
dazzling,  but  before  the  senses  could  act  It  was  gone.  *  *  *  So  vivid  were  Uie 
flames  that  continued  to  play  from  the  corner  of  the  observatory  that  I  reached 
up  to  assure  myself  that  the  observatory  was  not  actually  on  fire. 

We  felt  no  ill  physical  effects  nor  any  special  alarm,  but  for  prudence's 
sake  we  sought  the  interior  of  the  observatory,  where  the  pranks  of  the  elec- 
tricity were  apparently  completely  avoided.    ♦    ♦    ♦ 

Only  once  before  have  I  met  electricity  actually  present  on  Mount  Rose. 
This  was  during  daylight  on  June  25,  1906,  in  a  wet  snowstorm  accompanied 
by  dense  fog.  At  that  time  the  thunder  was  in  the  abyss  below  me,  until  I 
Mt  like  some  Jupiter  hurling  thunderbolts  at  the  earth  beneath. 

Bir.  Atkinson  (14)  also  relates  some  very  Interesting  experiences  in  connection 
with  mountain  thunderstorms  while  rambling  amongst  the  Altai  Mountains, 
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and  Mr.  Owen  Wlster  (16)  tells  of  a  like  experience  on  the  Washakie  Needles 
(10,000  feet)  In  Wyoming. 

Nor  must  we  assume  that  the  mountain  thunderstorms  are  harmless  affairs, 
f6r  we  have  authentic  Instances  (15)  of  fatal  results  attending  them.  On  July 
24, 1904,  a  man  was  killed  by  lightning  on  the  summit  of  Mount  San  Ck>rgonlo, 
and  two  days  later.  July  26,  1904,  Mr.  Byrd  Surby  was  killed  and  two  of  his 
companions  rendered  unconscious  on  the  summit  of  Mount  Whitney.  These 
two  peaks  are  about  180  miles  apart  and  are  separated  by  the  Mojave  Desert 
Mount  Whitney  has  an  elevation  of  14,515  feet  and  Is  the  highest  peak  In  the 
United  States  (excluding  Alaska),  and  San  Gorgonlo  has  an  elevation  of  about 
9,500  feet.  Regarding  the  accident  on  Mount  Whitney,  just  mentioned,  Prof. 
Alexander  McAdle  (15)  makes  the  following  Interesting  observations,  viz: 

It  was  snowing  at  the  time  of  the  accident  It  Is  probably  not  well  known 
that  the  variations  In  the  electrical  i)otentlal  of  the  air  during  a  snowstorm  are 
almost  as  rapid  and  as  great  as  those  prevailing  during  a  thunderstorm.  In  this 
present  case  I  am  inclined  to  think  that  the  electrical  disturbance  was  not 
localized,  but  simply  Incidental  to  a  disturbed  field  which  extended  well  over 
the  high  Sierra,  Inyo,  Panamalnt  and  Telescope  Ranges.  Also  the  San  Ber- 
nardino Range,  and  probably  the  mountains  of  Arizona.  This  condition  lasted 
perhaps  a  fortnight 

Were  the  mountain  tops  as  densely  populated  as  the  valleys  and  the  level 
lands,  the  number  of  fatalities  Incident  to  thunderstorms  on  the  mountains 
would  probably  be  very  considerable. 

Had  we  the  time  we  would  like  to  speak  of  the  thunderstorm  at  sea,  especially 
*n  the  Tropics,  where  It  Is  truly  majestic,  as  the  writer  happens  to  know  from 
personal  experience.  An  account  of  one  of  these  storms  was  published  by  the 
writer  (17)  In  the  Monthly  Weather  Review.  It  occurred  at  Antigua,  British 
West  Indies,  on  August  30,  1900. 

From  this  account  we  quote  as  follows : 

An  eyewitness  residing  near  the  telephone  exchange  says  that  It  Is  Impossible 
to  describe  how  awfully  beautiful  was  the  sight  of  the  electric  fluid  dancing 
In  multicolored  flames  along  the  lines  up  and  down  High  Street  Residents  at 
Yaptons  felt  themselves  In  Imminent  peril,  as  In  that  elevated  locality  It 
ai^;)^ired  as  If  balls  of  blue  fire  were  all  the  time  falling  around  the  dwelling 
houses ;  no  damage  there  Is  reported,  however. 

Others  have  told  of  rare  and  remarkable  effects  of  lightning  during  thunder- 
storms at  sea  (18)  and  Flammarion  (20)  has  given  us  a  large  number  of  die 
<nirious  pranks  performed  by  the  lightning. 

Bat  the  thunderstorm  also  has  Its  tragic  side,  for  It  often  leaves  death  and 
destruction  In  Its  path.  As  to  the  matter  of  loss  of  life  and  property  Incident 
to  these  storms,  time  and  space  forbid  more  than  the  briefest  reference.  Much 
data  have  been  collected  In  various  parts  of  the  world  regarding  this  phase  of 
our  problem.  In  the  years  1899  and  1900  the  United  States  Weather  Bureau 
made  a  v^ry  serious  effort  to  ascertain  reliable  and  complete  statistics  as  to 
the  actual  number  of  deaths  and  Injuries  due  to  thunderstorms  In  the  United 
Sbites.  These  results  were  published  as  Bulletin  No.  30  (19),  from  which  we 
have  taken  the  data  shown  on  chart  No.  2.  The  reports  for  the  year  1900,  for 
example,  show  that  713  persons  were  killed  or  received  fatal  Injuries  during 
the  year.  Of  this  number  291  were  killed  In  the  open,  158  In  houses,  57  under 
trees,  and  56  In  bams.  The  circumstances  attending  the  death  of  the  remain- 
ing 151  are  not  known.  It  also  appears  that  978  persons  were  more  or  less 
Injured  by  lightning  during  the  year,  327  being  Injured  In  houses,  243  In  the 
open,  57  In  barns,  and  29  under  trees.  The  death  or  Injury  of  at  least  1,686 
persons  In  one  year — and  this  doubtless  represents  a  fair  annual  average — Is  a 
serious  matter  that  should  give  us  pause.  Just  here  Is  a  field  for  great  service : 
68436— VOL  II— 17 6 
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derUdng  means  for  protection,  instmcting  the  people  regarding  places  of  great- 
est danger  and  the  places  of  greatest  safety  daring  a  thunderstorm,  and  warn- 
ing the  people  of  their  occurrence. 


How,  then,  are  we  to  regard  the  thunderstorm — as  an  evil  or  a  blessing? 
In  my  reading  I  came  across  (22)  some  very  beautiful  words  that  seem  apropos 
Just  here : 

It  is  a  sultry  summer's  day.  The  sun  had  been  blazing  for  hours  uncurtained 
by  a  cloud.    The  earth  seems  weary  of  his  beams,  for  the  sl^  glows  like  the 
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dome  of  a  fumace,  and  the  winds  have  ceased  to  fan  the  feverish  landscape.  A 
sense  of  oppression,  nameless  and  indescribahle,  is  felt  by  man,  and  appears  to 
be  shared  by  bird  and  beast  Judging,  indeed,  by  the  general  languor  which 
prevails,  the  observer  might  well  be  pardoned  if  he  concluded  that  Nature 
b»self  was  about  to  swoon. 

Why  is  this? 

The  storm  spirit  is  abroad,  and  such  are  a  few  of  the  symptoms  which  herald 
bis  ai^NToach. 

But  when  the  black  clouds  that  come  rushing  to  battle  have  discharged  their 
bcdts,  and  the  voice  of  the  thunder  has  ceased  to  be  heard,  who  can  say  that 
a  storm  is  a  foul  and  mischievous  phenomenon — ^a  wanton  breach  of  Nature's 
peace— a  nuisance  and  a  flaw  in  the  fair  policy  of  creation?  In  truth,  it  is  any- 
thing but  that  The  electricity  of  the  globe  must  be  regulated  like  every  other 
variable  force.  Evaporation  is  the  chief  cause  of  disturbance,  and  when  this 
process  advances  too  rapidly,  as  it  does  during  the  intense  heat  of  sunmier,  a 
state  of  unnatural  excitement,  involving  many  subtle  and  ill-understood  con- 
sequences, is  superinduced  in  the  air  and  earth.  Were  the  conditions  which  pre- 
lude a  tempest  (thunderstorm)  to  be  prolonged  for  any  considerable  period — 
still  wane,  were  the  physical  discomforts  and  mental  oiq[>ression  which  are  felt 
at  such  seasons  to  continue  augmenting  for  weeks  together — ^men  would  be 
flung  into  a  fever,  or  probably  driven  to  the  verge  of  madness.  The  remedy  lies 
in  the  restoration  of  the  electrical  equilibrium.  This  is  accomplished  through 
the  agiracy  of  storms.  They  are  the  scavengers  of  the  sky.  They  come  in 
mercy,  not  In  wrath.  With  his  broad  wings,  the  tempest  phantom  scours  the  air 
of  its  noxious  charge ;  and,  grim  as  he  may  be  in  feature,  appalling  as  he  is  in 
action,  fatal  as  he  sometimes  is  in  his  flings,  yet,  in  the  main,  he  is  ever  good 
and  beneficent  in  design.  All  the  fierce  lunges  which  the  lightning  makes  at  the 
earth  are  in  truth  little  more  than  friendly  exchanges  of  the  two  fluids.  When 
this  has  been  accomplished,  see  what  a  transformation  ensues !  The  sun  shines 
forth  with  softened  splendor,  as  if  his  beams  were  filtered  through  a  cooler  atmos- 
phere. The  stifling  iieat  has  gone.  The  sicklied  air  has  recovered  its  healthful 
qiring,  and  now  plays  in  gladsome  zephyr  or  dances  in  a  balmy  breeze.  The 
ft^lage  glistens  with  golden  drops,  and  the  landscape,  freshened  by  the  rtch 
diadowB  for  which  it  was  athirst  laughs  at  the  dread  presence  now  fading  on 
the  horizon,  from  whose  lips  "leapt  the  live  thunder,**  and  from  whose  hand 
came  the  gleaming  shaft,  but  from  whose  lap  also  descended  the  soothing,  fertil- 
izing rain.  Nature  has  lifted  her  drooping  head,  and,  shaking  the  moisture 
from  her  forest  tresses,  smiles,  as  beauty  does  through  its  bridal  tears,  to  see 
her  world  blessed  and  regenerated  by  the  storm.  After  the  tempest,  peace.  So 
erane,  so  rage,  so  pass  the  calamities  of  life.  Black  and  sulphurous  as  the  cloud 
may  look  whilst  it  hovers  aloft,  they  who  can  wisely  interpret  its  functions 
know  it  is  ladened  with  light  and  that  its  mission  is  to  restore  the  violated 
hannonies  of  earth  and  heaven. 

To  indicate  more  fully  and  in  a  most  interesting  way  the  character  and 
severity  of  many  of  the  thunderstorms  in  the  various  parts  of  the  United  States, 
we  will  conclude  this  paper  with  some  brief  notes  on  some  of  the  most  remark- 
able thundarstorms  that  have  occurred  at  a  few  selected  stations  widely  dis- 
triboted  over  the  country.  These  notes  were  kindly  furnished  by  the  officials  in 
diarge  *  of  the  several  stations  and  are  reproduced  practically  as  received. 

AUania,  Oo.— March  26,  1901:  The  register  indicated  that  rain  began  at 
about  2.40  a.  m.  and  that  it  came  lightly  till  8.83  a.  hl,  when  a  terriflc  storm 
brc^e  over  the  dty.  In  the  first  five  minutes  0.09  inch  of  rain  fell ;  in  10  min- 
utes, 1  inch ;  in  15  minutes,  1.30  inches ;  in  25  Qiinutes,  1.72  inches.  The  rain 
ended  about  4.05  a.  m.  Vivid  lightning  played  almost  incessantly  during  the 
downpour,  but  the  thunder  was  not  loud ;  the  sound  was  probably  muflled  by  the 
roar  of  the  rain.  The  wind  shifted  from  the  south  to  the  southwest  when  the 
rain  began,  and  increased  from  almost  a  calm  to  a  velocity  of  22  miles  per 
hoar  at  8^  a.  m.  The  temperature  was  almost  stationary,  ranging  from  61*" 
to«8*. 

August  20,  1914:  A  severe  thunderstorm  broke  over  the  station  at  9.48  a.  m. 
from  the  southeast ;  tlie  storm  continued  with  fierce  lightning  and  terrific  thun- 
der until  11  a.  m.  Heavy  rain  and  hail  attended  the  storm.  Except  for  an  occa- 
donal  gust  the  wind  was  light  at  the  station,  although  in  the  northern  portion 
of  the  dty  mnoe  damage  was  done  by  the  wind  and  hail,  while  in  the  portions  of 
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the  city  on  the  south  side  there  was  ^nly  a  light  sprinkle  of  rain.  The  temp^a- 
tnre  fell  from  83*  to  64*.  The  greatest  rainfall  In  one  hour  In  the  history  of 
the  station — namely,  8.23  inches — ^fell  during  this  storm. 

Bismarck,  N,  Dafc.— August  ^10,  1909 :  The  first  thunder  was  heard  at  7.80 
p.  m.,  and  the  storm  continued  into  the  next  morning.  The  storm  first  ap- 
proached from  the  southwest  and  seemed  to  remain  over  or  in  the  vicinity  of 
the  station  during  the  most  of  the  night  It  was  attended  by  heavy  thunder 
and  a  brilliant  display  of  lightning,  which  struck  at  some  points  In  the  city. 
£2xcesslve  precipitation  not  accompanied  by  thunder  is  unknown  at  this  station. 

Boston,  Mass.— August  24-25,  1901 :  Thunder  was  first  heard  at  9.10  p.  nu ; 
the  loudest  thunder  heard  was  at  11.88  p.  m.  Owing  to  the  general  cloudiness, 
no  defined  storm  could  be  observed.  There  was  considerable  lightning  during 
the  evening.  Up  to  9  p.  m.  the  winds  were  from  the  southwest;  between  9 
and  10  p.  m.,  from  the  north ;  from  10  to  11.30  p.  m.,  from  the  northeast,  and 
after  that  hour,  from  the  east  The  velocities  were  light  except  between  11  and 
12  p.  m.,  when  the  wind  increased  to  brisk,  with  a  maximum  y^odty  of  26 
miles  per  hour  from  the  northeast,  at  11.40  p.  m.,  and  an  extreme  velocity  of  90 
miles  per  hour  which  occurred  at  the  same  time.  ♦  ♦  ♦  So  far  as  known  ai 
the  station,  no  marked  damage  resulted  from  the  heavy  rainfall  or  from  the 
lightning,  which  was  said  to  have  been  severe  In  parts  of  the  dty. 

Chicago,  III. — ^August  11,  1908:  Thunder  was  heard  first  at  8.40  p.  m.  and 
continued  until  about  2.45  a.  m.  of  the  12th.  The  storm  came  from  the  south- 
west Rain  began  at  8.40  p.  m.  and  continued  until  3.55  a.  m.  of  the  12th, 
during  which  time  3.30  inches  felL  Excessive  rate  began  at  9.39  p.  m.  and 
ended  at  11.09  p.  m.  ♦  ♦  ♦  A  maximum  wind  velocity  of  47  miles  per  hour 
was  recorded  at  11.58  p.  m.  of  the  11th  and  a  wind  velocity  of  49  miles  per  hour 
at  12.02  a.  m.  of  the  12th ;  the  direction  in  both  cases  was  from  the  southeast 

Cleveland,  Ohio. — ^Au^ust  19,  1901:  Hain  began  at  4.11  p.  m.  and  the  first 
thunder  was  heard  at  4.19  p.  m. ;  the  loudest  thunder  occurred  at  4.47  p.  m.,  and 
the  last  at  5.07  p.  m.  A  brief  wind-squall  from  the  southeast  at  4.33  p.  m. 
marked  the  beginning  of  a  downpour  of  rain  such  as  has  never  before  nor  since 
been  recorded  at  this  station.  In  5  minutes  (from  4.86  to  4.41)  0.72  inrfi  fell, 
and  in  23  minutes,  1.77  Inches  came  down.  Sprinkles  of  rain  continued  until 
5.10  p.  m.  As  an  electric  disturbance,  this  storm  ranks  among  the  most  intense 
in  the  history  of  the  station,  although  there  was  no  great  amount  of  damage 
from  lightning.  Several  very  heavy  thunderclaps  followed  one  another  during 
the  five  minutes  ending  at  4.47  p.  m. — ^the  five-minute  period  inunediately  fol- 
lowing the  most  excessive  downpour  of  rain. 

Denver,  Colo. — May  27,  1898:  Partly  cloudy  In  the  forenoon  and  cloudy  In 
the  afternoon.  Thunder  was  first  heard  at  4.45  p.  m.  (seventy-fifth  meridian 
time) ;  the  loudest  was  heard  at  6.50  p.  m.,  and  the  last  at  7  p.  m.  The  storm 
came  from  the  south  and  moved  toward  the  northeast  and  east  and  part 
finally  swinging  westward.  The  temperature  before  the  storm  was  68,  after 
the  storm  63.  Before  the  storm  the  wind  came  from  the  east  after  the  storm 
from  the  northeast  The  center  of  this  storm  passed  eastward  well  south  of 
the  station,  and  aside  from  occasional  thunder  and  sprinkles  of  rain  attracted 
but  little  attention. 

Soon  after  the  passage  of  this  storm,  however,  a  second  storm  developed 
southwest  of  the  station  and  with  its  movement  northeastward  a  part  of  the 
first  storm  apparently  returned  toward  the  city.  Thunder  from  the  second 
storm  was  first  heard  at  7.40  p.  m.,  the  loudest  was  heard  at  8.47  p.  hl,  and 
the  last  at  9.45  p.  m.  This  storm  came  from  the  southwest  and  south,  and 
moved  toward  the  northeast.  At  8.30  p.  m.  the  clouds  from  both  the  first  and 
second  storms  seemed  to  be  moving  toward  each  other  with  great  velocity  and 
near  the  ground,  apparently  meeting  near  the  office.  The  change  from  lls^t 
rain  to  a  downpour  was  marked,  and  vice  versa  at  the  close  of  the  storm. 
Hail  began  to  fall  at  8.55  p.  m.  and  continued  until  9.02  p.  m.,  at  the  end  of 
which  time  the  ground  was  nearly  covered  with  hall  in  the  vicinity  of  the 
office,  while  within  a  tialf-mile  (on  lower  Nineteenth  Street)  the  ground  for  a 
number  of  blocks  was  evenly  covered  to  the  depth  of  3  or  4  inches.  The  hail- 
stones measured  from  one-quarter  to  one-half  inch  in  diameter.  Light  rain 
began  at  5.55  p.  m.  and  continued  with  slight  interruptions  until  8.88  p.  m., 
when  it  became  somewhat  heavier.  A  downpour  set  in  at  8.54  and  lasted  until 
9.10  p.  HL,  the  rain  ceasing  entirely  at  9.11  p.  m.  In  the  seven  minutes  from 
8.55  p.  m.  to  9.02  p.  m.  the  remarkable  amount  of  0.82  inch  of  rain  and  hail 
fell.  The  total  amount  of  precipitation  during  the  storm  was  1.25  inches,  of 
which  0.43  inch  was  melted  hall.    The  area  visited  by  hail  seems  to  have  been 
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a  narrow  strip  extending  from  Morrison  in  the  southwest  to  a  point  within 
the  dty  limits.  The  damage  was  not  ext^isiye,  although  gardens,  straw- 
berries, and  alfftlfa  suffered  severely.  The  temperature  before  the  storm  was 
(SB;  after  the  storm  49.  Before  the  storm  the  wind  came  from  the  northeast; 
after  the  storm  from  the  north. 

€kUv€$Um^  Tex.— October  22,  1913:  A  thunderstorm  of  great  persistency  at- 
tended by  unusually  excessive  preciptation  prevailed  at  the  station  from  7.05 
a.  m.  to  10.30  p.  m.,  at  which  hours  the  first  and  last  thunder  was  heard. 
This  storm  came  from  the  southwest,  and  was  preceded  by  fresh  southerly 
winds,  ranging  from  34  to  39  miles  during  the  seven  hours  from  midnight  to 
the  beginning  of  the  storm.  Light  rain  b^an  at  7.20  a.  m.,  became  excessive  at 
10.30  a.  DL,  and  continued  at  an  excessive  rate  until  4.47  p.  m.,  during  which 
time  the  remarkable  amount  of  12  inches  or  more  fell.  During  this  great 
downpour  hail  was  precipitated  at  two  distinct  periods;  the  first  fall  of  hail 
occurred  between  10.40  and  10.43  a.  ul,  and  the  second  between  11.12  and  11.21 
a.  DL  The  diameter  of  the  hailstones  varied  from  0.1  to  0.4  inch.  Three  men 
w^e  struck  by  lightning  and  killed,  and  another  was  rendered  unconscious. 
There  was  so  much  water  in  the  streets  from  10  a.  m.  until  midnight  that 
the  street  cars  ceased  running  at  11  a.  m. 

JackMonviUe,  Fto.— August  27,  1906:  Thunder  was  first  heard  at  a35  p.  m. 
southeast  of  the  station,  and  at  4.25  p.  m.  a  thunderstorm  of  unusual  severity 
broke  over  the  dty  accompanied  by  a  wind  squall  of  33  miles  per  hour,  exces- 
sive precipitation,  vivid  lightning,  and  loud  thunder.  A  second  thunderstorm 
seemed  to  follow  closely,  combining  its  energy  with  that  of  the  first,  when 
the  li^tning  became  incessant  and  the  thunder  terrific,  the  rain  falling  in 
blinding  sheets.  This  heavy  downpour  and  raging  storm  continued  for  40 
minutes,  flooding  the  streets  but  doing  little  damage  further  than  the  destruc- 
tion of  a  few  telephone  and  tel^raph  poles. 

September  6,  1907:  A  thunderstorm  of  great  severity  prevailed  during  the 
late  afternoon  and  early  evening,  during  which  3.14  inches  of  rain  fell  in  one 
hour  and  forty-seven  minutes.  The  thunder  was  deafening  and  the  electrical 
diqi;>lay  most  brilliant  during  this  storm. 

June  18,  1909:  A  thunderstorm  that  seemed  to  have  been  gathering  all  day 
suddenly  broke  over  the  dty  at  6.02  p.  m.  with  a  terrific  crash,  which  was 
followed  by  display  of  great  brilliancy,  during  which  the  electric  light  plant 
was  temporarily  disabled. 

Portland,  Oreg. — Our  thunderstorms  are  of  rare  occurrence  and  usually  con- 
sist of  a  single  peal  of  thunder,  sometimes  near  the  station,  but  more  often 
distant,  accompanied  by  rain,  but  never  excessive. 

8t.  LouU,  Mo. — ^July  14,  1912 :  The  greatest  downpour  with  thunder  occurred 
on  this  date,  during  a  storm  that  came  up  from  the  west  early  in  the  morning. 
The  first  thunder  was  heard  at  1.50  a.  m.  and  the  last  at  5.06  a.  m.  The  accom- 
panying rainfall  was  excessive  from  2.46  a.  m.  to  3.47  a.  m. 

San  Francisco,  Cal, — ^As  a  rule,  thunderstorms  in  this  State  are  not  accom- 
panied with  the  excessive  rainfalls  they  are  in  the  East  In  the  summer  the 
thunderstorms  on  the  desert  and  in  the  mountains  of  southern  portion  of  the 
State  are  at  times  accompanied  by  very  heavy  rainfalls,  as  Instanced  August  17, 
1901,  when  2.5  inches  fell  in  50  minutes  at  Mammoth  Tank.  These  are  from 
the  storms  of  the  Sonora  tyi)e;  that  is,  those  moving  north  from  the  State  of 
Sonora,  Mexico.  Thunderstorms  usually  occur  during  the  passage  of  a  severe 
Btorm  from  the  north  Padfic  in  the  **  wet  season,"  when  the  rain  is  continuous 
for  hours,  both  preceding  and  following  the  thtmder,  and  generally  quite  heavy 
most  of  the  time. 

(Manunoth  Tank  is  situated  in  the  eastern  portion  of  San  Di^o  County  near 
the  southern  foothills  of  the  Chocolate  Mountains,  on  the  line  of  the  Southern 
Padfic  Railroad,  and  in  the  southern  portion  of  the  Colorado  Desert,  in  latitude 
38*  07'  N.,  longitude  115*  17'  W. ;  elevation  above  sea  level,  257  feet— W.  J7.  A.) 

Santa  Fe,  N.  Mex, — (Added  interest  attaches  to  the  report  from  this  station 
because  it  is  at  the  center  of  one  of  the  two  regions  of  greatest  thunderstorm 
activity  in  the  United  States,  the  other  being  over  Florida  with  Tampa  as  the 
center.  See  Figure  No.  1.  For  this  reason  I  wish  to  give  Mr.  Linney*s 
excellent  repeat  in  full.— W.  H.  A.) 

I  have  considared  the  station  data  back  to  1884  and  find  that  during  this 
period  of  81  years  there  were  Just  six  cases  of  excessive  predpitation,  and 
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these  were  all  thunderstorms.  Even  a  casual  ezaminatioii  of  the  flgures  I  am 
inclosing  will  show  that  precipitation  in  excess  of  1  inch  in  1  honr,  or  2Ji 
inches  in  24  boors,  is  the  rare  exception,  and  hn  fact,  it  is  annsual  for  it  to 
exceed  1  indi  in  24  hours.  The  latter  rarely  ever  occurs  in  the  months  from 
January  to  May,  inclusive,  or  in  November  and  December.  Our  records  further 
show  that  such  heavy  rains  as  we  do  receive  are  iHractically  always  accom- 
panied with  thunder  and  occur  during  the  season  of  thunderstomm.  The  total 
number  of  thunderstorms  recorded  from  January,  1895,  to  the  close  of  October, 
3015,  is  1314,  and  during  that  time  only  four  instances  of  excessive  precipita- 
tion were  observed — a  percentage  so  small  that  it  Is  practically  n^ligible.  I 
fear  this  will  be  a  disai^)ointment  to  you,  for  I  fancy  that  you  anticipated 
something  of  real  value  from  the  number  of  thunderstorms  that  we  report. 
However,  the  reverse  may  be  of  equal  value. 

So  far  as  my  investigations  go,  the  thunderstorm  of  July  2,  1906,  produced 
the  greatest  excessive  rate  of  any  experienced  at  this  station.  Thunder 
occurred  to  the  east  and  northeast  of  the  station  at  8.45  p.  m.  (local  time)  and 
heavy  thunder  to  the  west  and  southwest  at  4.10  p.  m.  and  continued  for  two  boon 
thereafter  to  the  west-northwest  and  over  the  station,  and  thence  to  the  south- 
east The  storm  became  very  severe  with  heavy  downpour  of  rain  and  halL 
It  is  believed  that  hall  to  the  depth  of  4  Inches  was  precipitated,  as  fully  2 
inches  lay  on  the  ground  at  4.50  p.  m.,  when  the  hall  ceased.  The  hailstones 
varied  in  size  from  tiny  p^bles  to  small  marbles  and  upward  to  the  size  of  an 
egg.  Many  young  chickens  were  killed;  thousands  of  lights  were  broken,  and 
hundreds  of  dollars  damage  was  done  to  trees,  orchards,  gardens,  vines,  and 
shrubs.  Rain  began  lightly  at  4.17  p.  m.,  but  became  a  deluge  quickly,  and  over 
2  Inches  (2.02  Inches)  fell  In  58  minutes.  Streets  and  flats  of  the  dty  were 
flooded ;  arroyas  and  creeks  became  torrents  of  water ;  roofs  everywhere  leaked ; 
walls  were  soaked,  and  some  adobe  buildings  collapsed ;  and  genial  havoc  was 
wrought  about  town.  The  last  thunder  was  heard  to  the  east  at  7  p.  m.,  and 
the  rain  ceased  entirely  at  9.20  p.  m. 

Tampa,  Fla, — (See  remarks  at  the  beginning  of  notes  under  Santa  Fe,  N. 
Mex.— W.  H.  A,)  I  have  gone  through  the  records  for  10  years,  1905-1914,  the 
excessive  precipitation  data  not  being  available  prior  to  1905.  1  give  b^ow 
the  total  number  of  days  with  excessive  precipitation  for  the  10  years  with 
thunderstorms,  and  also  the  total  number  without  thunderstorms,  for  each 
month,  viz: 


With 
tfaundaiv 


Wttboot 
thimdcr- 
stonni. 


With 


Witfaoot 


Jamiiry.. 
Ftbnmrj, 
Ifaroh..:. 

JmM 

July 


Aagmt 

SflptomlMr. 

OSotMT.... 

Novfimbif-. 
D«oeaib«r.. 

Total. 


m 


From  which  It  appears  that  thunderstorms  accompany  84  per  cent  of  all 
instances  of  excessive  preclptatlon  at  this  station. 

Two  storms  stand  out  as  giving  the  greatest  precipitation  in  short  periods  of 
tiiiie-H>ne  on  June  20,  1905,  with  a  long  continued  excessive  rate,  and  the 
other  on  June  27,  1918,  with  a  shorter  but  heavier  excessive  rate.  In  the 
storm  of  June  20, 1905,  the  first  thunder  was  heard  at  11.45  a.  m.  In  the  north- 
west and  from  that  direction  the  storm  moved  westward,  and  then  due  east, 
passing  directly  over  the  station.  The  passage  of  this  storm  was  marked  by  ter- 
rific thunder,  sharp  lightning,  and  torrential  rains.  A  colored  child  was  killed 
by  lightning  not  far  north  of  the  station.  The  wind  freshened  shortly  attBt 
8  D  m.  and  at  8.20  p.  m.  reached  a  maximum  velocity  of  83  mUes  from  the 
northwest  Rain  fell  In  torrents,  3.13  Inches  falling  during  the  54  minutes  from 
204  p  m  to  2.58  p.  m.    All  the  streets  were  fiooded  and  some  ware  Impassable. 

*  WoMhingtan,  D.  C— An  examination  of  heavy  rainfalls  In  this  city  during 
the  period  from  1888  to  the  present  time  (November,  1915)  discloses  that  out 
of  38  times  that  excessive  rains  occurred  83  were  accompanied  by  thunder; 
or,  in  other  words,  there  were  33  thunderstorms  during  those  years  acccHn- 
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panied  by  excessive  precipitation.  The  greatest  downpour  for  a  short  period 
was  on  July  5,  1906,  when  from  7J25  p.  m.  to  8.38  p.  m.  rainfall  amounting  to 
3.26  inches  fell,  flooding  streets,  impeding  car  traffic,  etc  The  maximum 
Telocity  of  the  wind  during  this  downpour  was  24  miles  per  hour. 
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The  Chairman.  I  am  sure  we  thank  Prof.  Henry  very  heartily  for 
presenting  this  paper  to  us.  Mr.  Alexander  has  given  a  good  deal  of 
study  to  the  subject  of  thunderstorms  in  the  United  States,  and  he  has 
recently  published  in  the  Monthly  Weather  Review  a  series  of  charts 
showing  the  number  of  thunderstorms  in  the  United  States  for  a 
series  of  years.    We  shall  be  glad  to  hear  discussion  on  the  paper. 

Mr.  Church.  Mr.  Chairman,  it  might  be  interesting  to  state  in 
connection  with  thunderstorms  on  Mount  Boee  that  I  notice  that  the 
heaviest  rainfall  occurs  about  1,500  feet  below  the  summit,  and  from 
there  down  to  the  level  of  the  valley.  While  we  have  all  the  mani- 
festations of  thunder  upon  the  top,  I  think  more  generally  we  get 
the  heaviest  peals  about  500  feet  down.  It  seems  to  me  that  is  about 
the  distance.  We  also  get  manifestations  of  St.  Elmo's  fire  on  the 
simmiit.  I  remember  one  storm  which  approached  the  proportions 
of  a  deluge  below  us,  but  in  traveling  15  miles  we  were  all  the  time 
above  and  behind  it,  probably  owing  to  the  lesser  humidity  in  the 
air  at  the  elevation  at  which  we  were. 

Mr.  Clayton.  The  differences  in  the  phenomena  of  thunderstorms 
depend  almost  entirely  on  definitions.  I  did  not  quite  catch  the 
definition  that  Mr.  Alexander  gave,  but  in  determining  the  frequency 
of  hail  and  things  of  that  sort  I  find  you  can  get  almost  any  number 
of  charts  according  to  the  definition  you  take  for  hail,  whether  you 
take  the  slightest  little  fall  of  hail,  or  whether  you  record  only  a 
fall  of  hail  that  produces  damage,  or  whether  you  take  one  so  strong 
as  to  attract  general  attention.  One  observer  will  send  in  numbers 
of  reports  of  hail,  while  an  adjacent  observer  did  not  see  any  at  all, 
because  he  did  not  think  it  worthy  of  notice  until  it  got  to  be  quite 
severe.  So  the  intensity  of  phenomena  needs  to  be  stated,  and  t^ere 
should  be  uniformity  of  definitions  if  we  are  going  to  get  compara- 
ble charts.  I  think  the  Weather  Bureau  should  give  us  their  ac- 
cepted definitions  of  thunderstorms,  hailstorms,  etc.,  and  then  we  will 
know  just  where  we  are  in  making  comparisons  with  other  countries. 

Mr.  Peabody.  It  may  interest  the  members  of  this  section  to  know, 
in  connection  with  the  paper  which  has  been  read  here,  that  the 
thunderstorm  is  connected  directly  with  the  instrument  which  in 
prehistoric  archaeology  is  found  to  have  been  of  the  most  universal 
and  imiform  manufacture,  namely,  the  celt,  or  stone  chisel.  These 
small  stone  chisels  have  long  be^i  supposed  by  ignorant  people  in 
many  coimtries  to  be  produced  by  thunderbolts.  The  conditions 
which  have  centered  around  these  celts,  or  chisels,  is  exceedingly  in- 
teresting, and  of  itself  a  subject  worthy  of  investigation.  I  merely 
suggest  the  connection  between  the  most  widely  distributed  repre- 
sentative of  unity  in  the  manufacture  of  prehistoric  implements 
with  the  most  widely  distributed  and  interesting  meteorological  phe- 
nomenon or  disturbance. 
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Mr.  Church.  I  should  like  to  ask  whether  the  stories  of  the  flood 
are  associated  in  any  way  with  thunderstorms,  or  anything  of  that 
kind? 

Mr.  Peabody.  I  am  afraid  I  must  plead  ignorance  on  that.  I 
should  think  that  was  a  subject  outside  of  the  domain  of  thunder- 
storms. If  you  ask  me  to  be  a  little  more  scientifically  accurate  in 
what  I  say  about  the  traditions  concerning  these  celts,  or  stone 
chisels,  I  will  say  that  the  popular  beliefs  with  reference  to  these  so- 
called  thunderstones  are  of  two  kinds.  One  belief  is  as  to  the  forma- 
tion of  the  stones  by  the  lightning,  because  it  is  supposed  that  the 
lightning  has  struck  at  the  point  where  one  of  them  is  dug  up,  and 
another  tradition  or  belief  is  as  to  their  effect  against  lightning,  so 
that  these  celts,  or  small  chisels,  are  hung  up  on  houses  or  bams  as 
a  matter  of  protection  against  lightning.  I  am  afraid  I  am  getting 
you  far  away  from  the  definition  of  thunderstorms,  but  this  subject 
of  the  belief  in  these  thunderstones  is  tremendously  widespread 
and  is  very  interesting. 

The  Chairman.  We  have  with  us  to-day  Prof.  J.  Warren  Smith, 
of  the  United  States  Weather  Bureau,  Columbus,  Ohio,  who  has  a 
very  interesting  paper  on  "  Agricultural  Meteorology."  We  shall  be 
very  glad  now  to  listen  to  this  paper. 


AGRICULTURAL  METEOROLOGY. 

By  J.  WARREN  SMITH, 
Meteoroloffist,  United  States  Weather  Bureau,  Washington,  Z).  C. 

INTBODUCnON. 

Agricultural  meteorology  is  defined  as  meteorology  conducted  in  the  Interest 
of  agriculture.  It  considers  the  effect  of  the  weather  conditions  upon  the 
development  and  yield  of  the  different  crops.  It  is  a  branch  of  phenology. 
Phenology  is  defined  as  the  branch  of  meteorology  or  of  biology  that  treats  of 
animal  or  plant  life  and  development  as  affected  by  climate. 

Agricoltnral  climatology  is  that  branch  of  agricultural  meteorology  which 
shows  the  effect  of  climate  upon  the  geographical  distribution  of  vegetation 
and  the  adjustment  of  farm  activities.  This  is  the  science  that  is  considered 
in  classitying  the  vegetation  of  the  globe  into  great  botanical  groups  or  belts, 
as  it  is  affected  by  the  varying  intensities  of  temperature,  sunshine,  and 
rainfalL 

Natural  vegetation  has  adjusted  itself  to  these  climatic  factors  through  long 
ages  of  selection,  until  it  is  possible  to  refer  to  certain  well  defined  locations 
^liiere  any  certain  tree  or  shrub  maintains  its  best  development,  other  sections 
where  it  has  a  constant  struggle  for  existence,  and  still  others  where  it  is 
never  found. 

CULTIVATED   PLANTS. 

WhUe  man  is  constantly  trying  to  grow  crops  in  regions  not  indigenous  to 
them  and  indeed  not  well  adapted  to  them,  it  will  be  found  that  the  principal 
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staple  crops  are  grown  in  the  region  and  in  the  manner  best  suited  for  their 
best  development 

The  great  law  of  the  survival  of  the  fittest  applies  in  crop  management  as  in 
everything  else,  and  the  farmer  has  unconsciously  adjusted  his  activities  to 
the  best  crop  and  applies  his  labor  on  it  in  the  proper  season  for  producing 
the  largest  yield  in  the  best  condition.  This  relates,  of  course,  to  the  staple 
crops  in  a  district  that  has  been  occupied  long  enough  to  have  the  crop  dis- 
tribution properly  adjusted. 

In  a  comparatively  new  country  where  transportation  facilities  are  not  well 
established  certain  varieties  of  crops  will  be  grown  which  later  it  will  be 
found  can  be  produced  more  economically  elsewhere  and  the  ground  devoted 
to  some  better  paying  crop.  For  example,  flax  and  wheat  were  at  one  time 
extensively  raised  in  New  England,  while  now  both  crops  are  very  rare  there. 

There  is  sometimes  an  unconscious  shifting  of  farm  activities  that  will  not 
be  noticed  for  a  number  of  years,  and  then  can  be  explained  only  on  the 
ground  of  proper  adjustment  due  to  climatic  influence. 

One  of  the  most  interesting  examples  of  this  kind  is  the  division  of  the 
dairy  industry  in  Wisconsin  into  definite  cheese-making  and  definite  butter- 
making  districts.  OThis  was  pointed  out  by  Baker  and  Whitson  in  Bulletin  223 
of  the  Wisconsin  Agricultural  Experiment  Station.^ 

At  one  time  butter  and  cheese  factories  were  scattered  over  central  and 
southern  Wisconsin.  Now,  however,  the  commercial  cheese  factories  are  con- 
centrated into  two  well-defined  large  districts  in  southwestern  and  eastern 
Wisconsin,  and  two  smaller  centers  in  the  north-central  and  northwestern  por- 
tions of  the  State.  The  butter  industry,  on  the  other  hand,  occupies  south- 
eastern Wisconsin. 

By  comparing  the  distribution  of  these  two  industries  with  the  climatic 
maps  it  develops  that  the  commercial  cheese  factories  are  almost  exclusively 
within  the  region  with  less  than  150  days  in  the  growing  season,  while  the 
commercial  butter  factories  are  where  the  growing  season  is  more  than  150 
days  in  length. 

It  develops  also  that  south  of  the  mean  summer  isotherm  of  70^  F.  there  are 
no  cheese  factories  in  Wisconsin,  and  that  those  between  the  isotherms  of  09"^ 
and  70"*  are  not  numerous  and  are  mostly  smalL  The  mean  isotherm  of  65*" 
for  the  cheese-making  season  approximately  bounds  the  cheese  regions  of  the 
State  on  the  south.  This  adjustment  Is  thought  to  be  partly  due  to  the  effect 
of  the  lower  temperature  on  the  quality  of  the  cheese  product  and  partly  to 
the  effect  of  temperature  upon  the  vegetation. 

Another  crop  that  is  largely  determined  by  climate  is  the  sugar  beet  The 
beets  will  grow  well  in  a  warm,  wet  climate,  but  the  sugar  content  will  be  high 
enough  to  warrant  growing  them  commercially  only  in  a  cool  region  and  where 
the  hours  of  daylight  are  many.  This  crop  has  made  its  best  development  com- 
mercially not  far  from  the  Isothermal  line  of  70*. 

The  United  States  Department  of  Agriculture  through  the  Office  of  Farm 
Management,  In  cooperation  with  other  branches  of  the  department,  is  now 
studying  in  great  detail  the  geographical  and  climatological  distribution  of  the 
various  farm  crops  in  the  United  States.  The  charts  and  tables  will  include 
many  phases  of  climate,  crop  distribution,  dates  of  planting  and  harvesting, 
crop  yields,  etc  When  this  is  completed  It  will  undoubtedly  be  one  of  the  most 
important  contributions  to  agriculture  ever  made. 

CBITICAL  PEBIODS  OF  GBOWTH. 

Experiment  station  investigators  have  found  that  every  plant  has  its  optimum 
temperature  and  moisture  values,  during  which  it  makes  its  best 'development 
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tliat  this  yaries  in  difPer^it  periods  of  growtti,  and  that  the  heat  and  moisture 
must  be  in  right  proportion. 

The  plant  food  is  brought  to  tlie  roots  of  a  plant  by  the  moisture  in  the  soil, 
and  afterward  worked  into  yegetable  tissue  by  the  energy  of  the  solar  rays.  If 
there  is  a  lack  of  plant  food  part  of  the  solar  energy  is  wasted,  while,  on  the 
other  hand,  if  there  is  more  food  brought  to  the  roots  than  the  solar  energy 
can  utilize  then  the  food  material  is  wasted. 

In  the  arid  districts  of  the  western  part  of  the  United  States  there  is 
naturally  too  much  energy  for  the  food  supply,  but  when,  through  irrigation,  a 
large  amount  of  fuel  is  made  available  for  the  great  solar  engine  remarkable 
crops  result 

In  the  highest  latitudes  there  is  generally  an  excess  of  moisture  and  a  de- 
ficiency of  heat  These  are  the  conditions  that  prevail  in  much  of  northern 
Europe,  and  there  the  crop  yields  are  largely  a  question  of  temperature  varia- 
tions. 

In  some  places  where  the  rainfall  is  sufficient  but  the  temperature  is  too  low 
tot  the  best  growth  of  plants,  as  in  Alaska,  sunshine  becomes  the  most  im- 
portant fftctor;  In  fact  we  must  not  try  to  separate  sunshine  and  heat  Solar 
energy  is  the  factor  that  enables  the  plant  to  make  use  of  the  food  brought  to 
its  roots  by  moisture,  whether  we  call  this  energy  degrees  or  calories. 

A  value  called  the  "sunshine-hour  degree*'  has  been  obtained  by  multiplying 
the  avonge  daily  heat  necessary  to  grow  and  mature  a  crop  by  the  total  pos- 
siUe  hours  of  sunshine  from  planting  to  harvesting.  We  have  worked  out  the 
sunshine-hour  degree  for  com  in  the  United  States  and  find  that  between 
latitudes  80  and  85  it  is  80,813,  between  latitudes  85  and  40  it  is  65,778,  and 
betwe^  latitudes  40  and  45  it  is  only  47,887.* 

This  shows  that  the  numb^  of  sunshine-hour  degrees  necessary  to  make  a 
crop  diminishes  as  the  latitude  increases,  and  explains  why  there  is  a  decided 
differ^ice  in  the  quantity  of  heat  necessary  to  grow  and  mature  the  same  crop 
at  different  latitudes  due  to  the  difference  in  the  quantity  of  sunlight 

AGBICULTUaAL  MBTEOBOLOOT. 

Russia  has  apparently  taken  the  lead  in  trying  to  determine  the  most  critical 
period  for  field  ctc/ps,  as  well  as  the  weather  factor  most  affecting  them,  by  the 
inauguration  of  studies  in  the  field. 

The  Russian  Bureau  of  Agricultural  Meteorology  was  authorized  in  1884  and 
began  its  observations  in  1896.  In  1912  they  had  observations  under  way  at  81 
different  «q;>eriment  stations  where  meteorological  observations  were  being 
made  as  near  as  possible  to  the  test  farms.  During  each  year  they  have  made  a 
detailed  study  of  the  effect  of  the  various  weather  factors  upon  the  development 
of  the  plant  and  the  final  yield  of  the  crcp. 

In  Canada  Mr..  R.  W.  Mills  was  placed  in  charge  of  similar  work,  and  during 
the  summer  of  1915  he  had  records  made  relative  to  the  li^ring  wheat  crop  at 
14  different  experiment  farms  scattered  from  coast  to  coast 

Forms  w^e  pr^>ared  covering  78  different  items,  among  them  being  the 
average  hei^t  of  the  plants  on  the  plot  every  seven  days  throughout  the 
summer.  Mr.  Mills  has  visited  the  farms  and  is  now  correlating  the  crop  data 
witii  the  temperature,  rainfall,  and  sunshine. 

In  Bngland  systematic  phonological  observations  have  been  made  for  a  good 
many  years  and  frequent  studies  have  been  made  of  the  advance  of  the  season 
and  some  of  weather  and  crop  development 

The  United  States  Weather  Bureau  maintains  a  very  elaborate  meteorological 
•ervice  in  the  interests  of  shipping  and  agriculture,  but  there  is  a  dearth  of 
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systematic,  continued,  and  extended  phenological  records  from  which  definite 
studies  can  be  made. 

One  noted  exception  to  this  statement  is  the  splendid  and  remarkable  series 
of  records  kept  by  Mr.  OThomas  Mikesell  of  Wauseon,  Ohio,  part  of  wliich  have 
recently  been  published  in  Monthly  Weather  Review  Supplement  No.  2.  (2) 

In  this  report  there  has  been  published  13  different  items  regarding  16  dif- 
ferent fruits  from  the  time  the  buds  start  until  the  trees  are  divested  of  leaves ; 
10  different  items  on  20  different  field  and  garden  crops ;  8  items  relative  to  48 
different  forest  trees,  shrubs,  and  vines,  and  the  dates  of  blossoming  of  114 
different  plants.    These  are  for  a  period  of  30  years. 

For  the  same  period  the  daily  rainfall  and  daily  maximum,  minimum,  and 
mean  temperatures  have  been  observed  by  Mr.  Mikesell  and  are  published  in 
the  same  volume.  It  is  believed  that  this  pamphlet  contains  the  most  complete 
local  record  of  the  development  of  plant  life  to  be  found  in  this  country,  al- 
though it  represents  only  part  of  the  phenological  records  kept  by  Mr.  Mikesell. 

PERSONAL  INVESTIGATIONS. 

While  this  country  has  comparatively  few  records  for  making  extended  field 
studies  of  weather  effects,  as  is  being  done  in  Russia  and  Canada,  it  has  seemed 
to  the  writer  that  we  have,  in  the  crop  yield  and  meteorological  statistics  that 
are  being  regularly  collected  and  published,  data  available  for  determining  the 
critical  periods  in  the  growtli  of  the  staple  crops. 

The  important  thing  seems  to  be  to  get  the  data  for  a  period  long  enough 
so  that  accidental  coincidences  will  be  eliminated,  then  to  develop  a  practical 
method  of  comparing  the  yield  \^th  definite  weather  conditions  for  definite 
periods  of  time. 

The  United  States  Department  of  Agriculture  and  the  different  State  boards 
of  agriculture  have  been  collecting  crop-yield  statistics  for  a  good  many  years. 
In  Ohio  the  yield  figures  for  the  staple  crops  are  available  for  the  diffarent 
counties  for  each  year  since  1850.  At  the  same  time  the  United  States  Weather 
Bureau  has  been  keeping  daily  records  of  the  various  weather  factors  for  over 
40  years  at  its  regular  stations,  and  has  been  collecting  similar  data  as  regards 
rainfall  and  temperature  at  thousands  of  cooperative  stations  well  distributed 
over  the  country. 

There  have  been  enough  of  these  voluntary  and  regular  stations  in  Ohio  to 
give  a  reliable  State  average  for  the  temperature  for  each  month  from  1850  to 
date  and  for  the  rainfall  since  1854.  Although  not  many  States  have  a  record 
to  equal  this,  they  nearly  all  have  these  data  for  a  considerable  period  of  time. 

We  have  used  three  different  methods  for  determining  whether  there  Is  a 
relation  between  certain  weather  factors  and  the  yield  of  crops.  These  are  the 
plotted  curve,  the  dot  chart,  and  the  mathematical  calculation  for  giving  the 
measure  of  relation  between  two  factors  as  expressed  in  the  correlation  co- 
efficient The  first  two  are  graphical,  while  the  third  is  the  method  developed 
by  Bravals,  Galton,  Edgeworth,  Pearson,  and  Yule. 

WEATHER  AND  THE  YIELD  OF  OOBN.    (8) 

Inasmuch  as  75  per  cent  of  the  world's  production  of  com  is  grown  in  the 
United  States,  and  as  this  is  easily  the  most  important  crop  in  Ohio,  this  crop 
was  used  in  our  first  complete  study.  These  studies  have  determined  that  the 
most  important  weather  factor  in  varying  the  yield  of  com  is  rainfall,  and  the 
most  important  period,  considering  calendar  months,  is  July. 

The  average  rainfall  for  Ohio  in  July  is  almost  exactly  4  inches,  while  the 
average  yield  of  com  for  the  State  for  the  past  00  years  is  84.5  bu5ihelB  per 
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acre.  In  flgare  1  ^  two  cnrvee  have  been  charted,  showing  the  variations  of  the 
com  yield  and  the  Jnly  rainfall  from  the  normal  for  each  year  from  1854 
to  1913.  An  inspection  of  this  chart  will  show  that  while  in  a  few  cases  the 
cures  do  not  mn  together,  in  general  there  is  a  marked  relation  between 
theoL    This  is  especially  tme  when  there  is  mnch  variation  from  the  normaL 

If  the  00  years  be  grouped  by  different  rainfall  amounts,  the  yield  figures 
show  some  intoesting  resulta  This  is  brought  out  in  Table  1,  where  the  July 
rainfall  amounts  are  grouped  for  each  variation  of  one-fourth  inch,  one-half 
inch,  and  1  inch. 

Tabub  1. — Bifecis  of  variations  in  July  rainfall  in  Ohio  on  the  yield  of  com, 

1854  to  191S. 


For  eadi  inoraMeln  the  minfftll  of— 

There  has  been  an  faicreMe  in 
the  com  yield  of- 

ihvrhft^mi.T^tAffhifilmi 

1.4 
1.2 
4.3 
2.3 
7.8 

Total 
(ImtkeU). 
2,800,000 
5,000,000 
4200  000 

15,060,000 
8,060,000 

27,300,000 

Value. 
81,400,000 
2,060,000 
2,100,000 

iDfh  ft^^fn  9  to  4  HlftH4 . 

ineb  from  L  75  to  8  indies 

hM^fix^TftA^rfffnohfiff 

7,525,000 

Inch  fram  1.76  to  8  indies 

4,025,000 

Mov3lndieeto5ormore 

13,660,000 

Tha  total  amount  of  land  devoted  to  oom  in  Ohio  avenges  3,500,000  acres.  The  average  farm  prioe  of 
eooi  on  December  1  is  60  cents  per  hosheL 

One  of  the  most  important  facts  brought  out  in  this  table  is  that  there  is  a 
critical  July  rainfall  value  of  close  to  8  inches.  For  example,  the  first  item  in 
the  table  shows  that  the  average  increase  in  the  yield  of  com  with  each  in- 
crease in  the  rainfall  of  one-fourth  inch  from  1.76  inches  to  8  inches,  is  0.8 
bushel  per  acre,  but  between  2  inches  and  4  inches  each  increase  in  the  rainfall 
of  one-fourth  inch  causes  an  increase  in  the  yield  of  1.4  bushels  per  acre. 

Again,  in  the  third  and  fourth  items,  the  figures  show  that  with  each  in- 
crease of  one-half  inch  in  the  July  rainfall  the  yield  averages  to  increase  at 
the  rate  of  1.2  bushels  per  acre,  but  when  the  rainfall  passes  the  8-inch  mark 
the  increase  in  the  yield  with  each  variation  of  one-half  inch  in  rain  amounts 
to  over  three  and  one-half  times  as  much,  or  4.8  bushels  per  acre. 

These  figures  mean  that  near  the  critical  rainfall  point  a  variation  of  one- 
fourth  inch  in  July  means  a  variation  in  the  value  of  the  com  crop  in  Ohio  of 
nearly  $8,000,000,  and  that  a  variation  of  one-half  inch  makes  an  average 
variation  in  the  value  of  the  crop  of  over  $7,500,000. 

The  last  item  in  the  table  indicates  that  when  the  rainfall  for  July  for  the 
State  of  Ohio  averages  over  5  inches  the  probable  com  yield  will  be  more 
than  27,000,000  bushels  greater  than  it  would  be  if  the  rainfall  averages  less 
than  8  inches.  This  is  an  increase  in  the  value  of  the  com  crop  of  $8.90  per 
acre,  or  an  increase  in  the  purdiasing  power  of  the  farmers  of  Ohio  of 
$13,690,000  due  to  com  alone.  This  will  allow  for  the  purchase  of  over  80,000 
of  the  most  pc^ular-priced  automobiles,  with  a  nice  little  sum  left  over  for 
r^Mdrs. 

Pour  greatest  com  £fta<e«.— Of  the  total  acreage  of  com  in  the  United  States 
80  per  cent  Is  grown  in  the  four  States  of  Indiana,  Illinois,  Iowa,  and  Missouri. 
Of  the  total  amount  shipped  out  of  the  county  in  which  it  is  grown,  00  per 
cent  is  raised  in  these  four  States.  The  average  area  devoted  to  com  in  these 
States  is  30,825300  acres,  and  the  average  yield  is  32  bushels  per  acre. 

^Figure  too  large  to  poblish. 
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In  these  States,  when  the  rainfall  for  July  has  averaged  between  2  and  2.5 
Inches,  the  yield  of  corn  has  averaged  28  bushels  per  acre,  and  when  the  rain- 
fall has  been  between  2.5  Inches  and  3  inches  the  yield  has  averaged  33  bushels 
per  acre.  This  Increase  of  10  bushels  per  acre  with  an  increase  of  only  one- 
half  inch  of  rain  means  an  increase  in  the  value  of  the  corn  crop  of  $5  per 
acre,  or  the  interesting  sum  of  $150,000,000. 

When  the  rainfall  for  July  over  the  eight  great  corn  States  of  the  central 
part  of  the  United  States  has  averaged  more  than  4.4  inches,  the  yield  of  com 
has  been  greater  by  500,000,000  bushels  than  when  the  rainfall  has  been  lees 
than  3.4  inches. 

If  corn  is  king  surely  rain  is  the  "power  behind  the  throne,"  and  when  a 
variation  of  this  amount  in  the  amount  of  rainfall  in  July  can  be  shown  to 
increase  the  value  of  the  corn  crop  fully  $250,000,000,  it  must  be  true  that 
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fXtmr^  H.    T)ot  chart  showing  ttao  ooabinad  effect  of  ttiBperatare  and  rainfall 
during  the  month  of  July  upon  the  yield  of  oorn.     Ohio.  1864-191S. 
4-  Tleld  above  noraal;  **  Yield  below  aoraal. 

rainfall  In  July  is  the  dominating  weather  factor  in  the  production  of  com  in 
the  United  States. 

In  figure  2  the  importance  of  rainfall  in  July  is  emphasized,  and  it  is  made 
clear  that  the  variations  in  mean  temperature  in  July  do  not  greatly  affect  the 
yield  of  com.  This  is  the  second  graphical  method  employed  and  is  called 
the  "  dot  chart*'  This  chart  is  a  most  practical  method  for  showing  the  effect 
of  two  factors  upon  a  third. 

In  this  case  the  combined  effect  of  temperature  and  rainfall  during  the  month 
of  July  upon  the  yield  of  com  is  indicated.  That  temperature  does  not  have  a 
material  effect  is  made  plain  by  the  fact  that  there  were  Just  as  many  good 
yields  of  com  when  the  temperature  was  above  the  normal  as  when  it  was 
below  the  normal.  On  the  other  hand,  the  plus  marks,  showing  the  yield  above 
the  normal,  are  far  in  excess  when  the  rainfall  was  above  the  normal. 
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If  we  considered  only  those  years  whan  the  rainfall  d^Murted  I  inch  or  nK»« 
Arom  the  normal  it  will  be  seen  that  when  it  was  wet  the  com  yield  was  aboTe 
tlie  normal  12  times  and  b^ow  only  once,  and  that  when  it  was  dry  there  were 
18  poor  yields  and  only  two  good  ones.  In  other  words,  when  the  rainfall  in 
Ohio  for  July  is  more  than  1  inch  above  the  normal  the  probability  of  a  good 
com  crc^  is  92  per  cent,  and  when  the  rainfall  is  1  inch  or  more  below  the 
normal  the  probability  of  a  good  com  crap  is  only  18  per  cent 

The  oarreMUm  coetMent  (r)  (4). — ^The  importance  of  the  rainfall  for  July 
in  connection  with  the  yidd  of  conu  as  con^wred  with  other  months,  is  made 
plain  in  Tat>le  2.  The  two  graphical  methods  heretofore  described  show  the 
general  r^ation  between  two  factors,  but  the  measure  of  the  relation  be- 
tween two  Yariables  is  best  determined  by  the  correlation  table  as  used  by 
statisticians.  This  measure  is  shown  by  the  nearness  of  the  correlation  coeffi- 
cient (r)  to  unity.  The  values  of  r  have  been  determined  between  the  yield  of 
com  in  Ohio  and  the  rainfall  for  the  different  summer  months  and  are  shown 
in  Table  2. 

Tablx  2. — CorrOation  of  the  txUnfall  with  the  yield  of  com  in  Ohio,  1854  to  191S. 


Period. 


Correls- 

tionoo- 

effldent 

(r). 


PiDt)abl« 


July.^. 

lime  and  inly  eomUiied . !  1 .  1 1 . !  I . 

July  and  Aocnst  oombtiied 

June,  July,  mad  Angnft  eomUned 


±.06 
±  .OS 
±.07 
±  .06 
±.06 


This  table  makes  plain  that  the  rainfall  for  the  month  of  July  has  a  far 
greater  effect  upon  the  yield  of  com  than  either  the  month  of  June  or  August, 
somewhat  greater  than  for  June  and  July  combined,  and  slightly  greater  than 
f6r  June,  July,  and  August  combined,  but  that  the  rainfall  for  July  and  August 
cmnbined  has  a  greater  favorable  effect  than  for  July  alone.  Similar  correlation 
tables  made  for  both  the  four  as  well  as  the  eight  largest  com  States  show  the 
same  dominating  effect  of  the  July  rainfall  as  compared  with  the  other  summer 
months. 

In  order  to  ascertain  what  oth»  or  shorter  periods  than  calendar  months 
might  have  a  marked  effect  upon  the  com  yield,  corr^ati<m  tables  have  been 
worked  out  between  the  com  yield  in  central  Ohio  and  the  rainfall  for  each 
period  of  10,  20,  80,  40,  and  60  days  from  June  1  to  August  81.  The  period 
giving  the  highest  value  of  (r)  in  each  case  \a  given  in  Table  8. 

Table  8. — The  most  important  periods  for  rainfall  in  the  development  of  the 
com  crop  in  central  Ohio,  1891  to  1910, 


FMod. 


MbttinqiMrteiit. 


Comlft- 
tkmoo- 


(r). 


Probft- 
bto 


fkvlOdftyi.. 
Por  Vdftjt.. 
Por  JOdfty*.. 
PorA^yi.. 
Por  60  days.' 


Aac.ltolO 

July  31  to  Aug.  U). 
Inly  U  to  Aug.  10. 
July  U  to  Aug.  ao. 
Jufy  1  to  Ang.  ao. 


a6a 

.60 


±aio 

±  .10 
±  .10 
±.00 

±.oo 
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In  making  the  correlations  in  Table  8  the  10-day  periods  were  for  each  suc- 
cessive 10  days— 1.  e.,  June  1  to  10,  June  11  to  20,  etc.  In  making  the  20^a7 
correlations  the  periods  were  for  each  20  days  beginning  June  1,  June  11« 
June  21,  etc.    The  longer  periods  overlapped  as  in  the  204ay  grouping. 

The  correlation  coefficient  for  the  10  days  from  August  1  to  August  10  was 
considerably  higher  than  for  any  other  10  days,  thus  showing  that  this  is  the 
most  important  10  days  in  the  latitude  of  central  Ohio  in  the  growth  of  the  com 
crop.  In  the  longw  periods  the  value  of  (r)  as  indicated  in  Table  8  was  not 
much  greater  than  for  one  or  more  near-by  groups. 

In  order  to  ascertain  what  relation  the  above-mentioned  periods  bore  to  the 
growth  period  of  corn  Table  4  has  been  taken  from  the  Wauseon,  Ohio,  phono- 
logical data,  referred  to  on  page  78. 

Tablb  ^.—Phenologiaa  dates  relative  to  com  recorded  at  Wauseon,  Ohio,  188S 

to  1912. 


Date. 


Avangi. 


Earliest. 


Planted 

Above  groasd. 
In  blossom. . . . 
Ripe 


May  14 
May  28 

July  25 
Sept.  13 


Apr.  29 
May  0 
July  10 
Aug.  80 


Jane  18. 
Jane  3t. 
Aug.  6. 
10. 


uct. 


From  these  data  and  the  meteorological  observations  taken  at  Wauseon 
Tables  5  and  6  have  been  prepared.  The  total  effective  heat  or  •*  thermal  con- 
stant" was  determined  by  getting  the  sum  of  the  daily  temperatures  above 
43*  F. 

Table  5. — Thermal  constants  for  com  at  Wauseon,  Ohio,  with  correlation 
coefficient  between  the  total  effective  heat  and  the  com  yield,  188S  to  1912, 


Bflective  heat  firom— 


10  days  beflbre  planting 

Planting  to  abore  i 

Above  ground  to  bL 
Blossom  to  ripoiing.  . 
10  days  before  blossom 
10  di^  after  blossom.. 


Correla. 

eiage. 

Greatest. 

Least. 

tioDooel^ 

floient 

(r). 

F. 

•F. 

•F. 

m 

818 

-25 

-0.08 

148 

201 

86 

-  .Ot 

1,600 

1,084 

1,282 

.18 

1,387 

1607 

807 

.06 

206 

860 

240 

—  .008 

286 

860 

160 

-  .28 

In  Table  5  the  only  value  of  (r)  that  is  high  enough  to  receive  consideration 
is  for  the  10  dajrs  after  blossoming.  As  this  Is  negative,  it  shows  that  cool 
weather  is  desirabla 

Table  Q,— Total  rainfall  (incJies  and  tenths)  for  com  at  Wauseon,  Ohio,  loith 
the  correlation  coefficient  between  the  rainfall  and  the  yield  of  com,  188S  to 
1912. 


RainfiUl. 

Average. 

Greatest. 

Least. 

Correla- 
tion ooef- 
fleieat. 
(r) 

10 dai^B befnrw planting ,    .., 

0.0 
LO 
7.4 
4.6 
.8 
LI 
LI 

2.6 
8.8 
16.8 
18.8 
4.0 
8.7 
6.4 

T. 

T. 
2.8 
LI 

T. 

T. 
0.0 

0.01 

Planting  to  above  ground ^  ^ 

—  .06 

Above  ^Dund  to  blossom I II.. II 

—  .08 

Blonoin  to  ripening .....,.......,.........'. 

.28 

8  days  before 'to  5  days  after  blossoming 1. 1 II II. 

.46 

.20 

10 days aftfT blossom .,    . 

.74 

^  days  after  blossom. ......^.x.....  a.. ^ 

.87 

80  days  after  blossom III.IIII 

.48 
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Tbe  reflolts  from  the  correlatioii  in  Table  6  are  very  important.  It  makea 
plain  that  there  ia  no  relation  between  tbe  rainfall  during  the  first  part  of  the 
period  of  growth  of  com  and  tlie  yield.  But  it  makes  equally  plain  that  for 
the  10  days  inmiediat^  following  blossoming  rainfall  Is  of  great  importance 
to  the  com  crop.  The  value  of  (r)  for  this  item  is  16  times  the  probable  ertw. 
It  is  oonsiderahly  hlgb^  than  fbr  either  the  20  or  the  80  days  following  the 
date  of  blossoming. 

In  figure  8  the  combined  effect  of  rainftiU  and  temperature  for  the  10  days 
foQowIng  the  date  of  blossoming  of  com  at  Wauseon,  Ohio,  is  indicated.  Tlds 
demonstrates  that  wet  weather  at  this  time  is  nearly  always  favorable  for  a 
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good  yltid  of  corn,  and  that  dry  weather  is  not  necessarily  unfavorable  if  it 
is  accompanied  by  cool  weather.  But  when  warm  weather  accompanies  the 
lack  of  rain  tlie  probability  of  a  poor  crop  is  close  to  90  per  cent 

From  the  above  it  is  shown  that  the  critical  period  in  the  growth  of  com  is 
for  die  10  days  following  blossoming.  For  10-day  periods  it  is  from  August 
1  to  10,  and  for  calendar  months  it  is  for  the  month  of  July.  If  it  were  prac- 
ticable to  compute  the  60-year  record  of  rainfall  for  the  period  from  July  15 
to  August  15  this  would  undoubtedly  give  the  highest  value  of  (r)  in  a  correla- 
tion with  tlie  com  yield,  and  thus  show  this  period  to  be  the  most  critical  one 
in  the  development  of  this  crop  in  the  United  States. 

THB  CBinOAL  FSBIOD  VQB  POTATGBS. 

For  the  State  of  Ohio  the  most  critical  calendar  month  for  potatoes  is  July, 
as  has  been  shown  in  an  article  in  Monthly  Weather  Review  for  May,  1916  (5>. 
684at^-^m  n— 17 6 
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Tablk  7. — Correlation  between  the  temperature  and  rainfall  and  the  yield  of 
potatoes  in  Ohio,  1860  to  19U, 


Pflriod* 

Tampenttire. 

TtMintmll 

April. 

—an 

£:•::::::::;:::::::::::::::::::::::::::::::::::::;:::;:::::::;:::::::-::: 

-0.10 

-  .aa 

- .« 

-  .81 

-  .a 

-  .11 

-  .w 

-  .w 

-  .40 

.00 
.10 

July. 

.n 

Angoft 

.s 

Beptember 

—  .IS 

Odiober 

!07 

Jxm^  invi  Ivhr  comblmd 

.S7 

TqiM'i  X^ily,  tihd  Angntt  cambiiwd •,.... 

In  Table  7  it  is  shown  that  cool  weather  is  desirable  during  each  month  of 
the  summer  to  produce  the  best  crop  of  potatoes,  while  July  is  the  important 
month.     In  fact,  this  is  the  only  month  with  a  correlation  coefficient  hig^ 
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for  tho  month  of  July,  upon  the  yield  of  potatoes,  in  Ohio.  1860-1914,  55  years. 
+  Yield  above  normal;  •-  Yield  below  normal. 

enough  to  warrant  any  decided  argument  in  the  matter.  When  the  summer 
months  are  combined  the  results  are  not  far  from  those  for  July  atone.  The 
higher  value  of  (r)  shows  that  the  temperature  has  a  greater  effect  in  Ohio 
than  rainfall  on  the  potato  crop. 

Figure  4  is  a  dot  diart  giving  the  influence  of  July  rainfall  and  temperature 
upon  the  potato  crop  in  Ohio.  It  covers  a  period  of  56  years.  This  shows  tliat 
warm  weather  in  July  is  nearly  always  unfiiviHrable  fbr  potatoes  and  that  there 
Is  seldom  a  good  yield  when  July  is  warm  and  wet  This  is  in  marked  oontrast 
to  the  effect  of  these  oonditions  <m  the  com  crop. 
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When  the  mean  teiiipa*atiire  in  July  has  averaged  more  tlian  1*  a  day  higher 
than  the  normal  the  yield  of  potatoes  has  heen  ahove  the  normal  twice  and 
bdow  the  normal  14  times.  This  is  a  prohability  of  88  per  cent  that  the 
yldd  win  be  below  the  normal  if  July  is  very  warm.  When  the  temperature 
has  heeai  above  the  normal  and  tlie  rainfaU  more  than  1  indi,  either  greater  or 
less  than  the  normal*  the  yield  lias  always  been  b^ow  the  normaL  When  it  has 
beoft  cool  and  wet  the  yield  lias  l>een  above  the  normal  12  times  and  below  only 
S  times.  A  cool  and  dry  Jnly  has  Just  as  many  yields  above  as  below  the 
normal. 

A  similar  dot  chart  made  by  combining  July  and  August  shows  that  warm 
and  dry  weather  for  the  two  months  is  decidedly  unfavorable,  while  cool  and 
wet  weather  for  the  two  months  is  decidedly  favoraUe. 

Table  8  shows  the  results  of  a  correlation  of  the  potato  yield  in  central  Ohio 
with  the  rainfall  and  t^nperature  for  each  10  days  from  June  1  to  August  31. 
This  indicates  that  the  period  frcnn  July  1  to  10  is  the  most  Important  10  days 
for  potatoes  as  regards  both  temperature  and  ralnfalL 

Tablk  8. — Correlation  of  the  yield  of  potatoes  in  central  Ohio  loith  temperature 
ofMl  rak^faU  for  each  10  4av,  1891  to  1910. 


Period. 

Tempentore. 

Roinftai. 

Jon  1  to  10 

-0.12 

-  .17 

-  .28 

-  .44 

-  .88 

-  .88 

-  .28 
-.86 
-.88 

0.28 

JoDeUtoao 

.82 
1ft 

joDentoao ^ 

jiiiyitoia.™:^:::.:.::::;;:::;::;:::::::: :;:::;    ;;;;;:: 

48 

MyUtoas 

—.29 

lolylltoSl^ 

—.12 

AOLltolO 

:5? 

▲ii.iitoa6 1 '.../.'.V.WV. 

AOK-ntoSl 

—  26 

While  most  of  the  rainfall  values  of  (r)  are  not  high  it  is  interesting  to 
note  that  part  of  them  are  negative  and  part  positive,  showing  that  part  of 
tiie  season  rain  is  needed  and  part  of  the  time  that  it  is  a  detriment  This 
condition  persists  throughout  similar  correlations  for  20,  30,  40,  and  50  day 
periods. 

A  correlation  between  the  yield  of  potatoes  with  the  temperature  and  rainfall 
constants  daring  the  development  of  the  plant,  made  by  using  the  phonological 
data  at  Wanseon,  Ohio,  shows  that  the  most  important  period  for  temperature 
is  for  the  10  days  following  the  date  of  blossoming.  Oool  weather  is  necessary 
to  Insure  a  good  crop.  Rain  is  necessary  during  a  number  of  weeks  before 
blossoming. 

WBATHSB  AND  WINTEB  WHSAT. 

While  most  spring-seeded  crops,  especially  those  of  rapid  growth,  have  well- 
d^hied  periods  when  they  are  greatly  affected  by  the  weather.  It  Is  much 
more  dlflkmlt  to  find  the  dominant  weather  factor  as  well  as  the  critical  period 
of  growth  with  fiill-seeded  crops  or  those  with  a  long  growing  period. 

In  connection  with  winter  wlieat,  for  example,  the  general  opinion  is  that 
particalar  weathor  conditions  must  have  a  great  effect  upon  the  yield.  Expres- 
rtODS  like  the  foOowing  are  common:  **The  weather  of  the  fall  was  fine  for 
the  wheat  crop,"  "A  pow  crop  of  wheat  will  be  harvested  because  the  winter 
was  ao  severe,**  **It  was  so  mild  in  January  that  a  splendid  wheat  crop  is 
assm-ed.** 
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Correlation  coefficients  liave  been  calculated  showing  tlie  relation  between 
the  3rield  of  winter  wheat  in  Ohio  and  the  temperature  and  rainfall  conditions 
covering  periods  from  SO  to  00  years.    Some  of  these  appear  in  Table  9. 


Table  9. — Correlation  of  the  field  of  winter  wheat  im  Ohio  with  the  temperatmre 

and  rainfall. 


FWiod. 

CoReiitkmeoeffieieBt(r). 

TempefAtare. 

BAlnMI. 

September 

a  16 

.09 
.14 
.M 
.21 

.46 
-.W 

-  .11 

-  .06 
.17 
.10 

f.f4 

cSoSr!!::::;;;:::;;:::::;:;::;:;;::;;:;;;:;;;:::;::::::;::::::;;:;:::::" 

.16 

November 

—  .01 

December 

—  .U 

JenuAry 

•00 
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The  second  column  in  this  table  shows  tliat  there  is  no  appreciable  relation 
between  the  variations  in  rainfall  in  Ohio  and  the  yield  of  winter  wheat    The 
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Tigare  6-    Dot  obArt  shoving  the  relation  between  the  noan  tenperAtoro  for 
KAToh  And  the  yield  of  winter  irtioAt  in  Ohio.  1860-1919.  The  yield  and 
tenporAtore  taIuoa  Are  departures  fron  the  normal.. 

rainfW  is  neither  too  heavy  nor  too  light  often  enoogh  to  have  an  appreciable 
effect  npon  the  yield.  This  is  true  of  individual  months  as  well  as  for  the  fall, 
winter,  and  spring  seasons. 
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Tbe  first  colmnn  of  Table  9  also  shows  that  neither  the  mean  temperature  for 
the  faU,  winter,  and  spring  seasons,  nor  that  for  individual  months  except 
fdnmary  and  liarch,  lias  a  controlling  effect  iqM>n  the  yield  of  wheat  The 
value  of  (r)  for  March  is  slightly  more  than  seven  times  the  probable  aror,  and 
as  this  is  preceded  by  the  plus  sign  it  shows  that  warm  weather  in  March  is 
voy  important  for  a  good  yield. 

FIgore  6  brings  ont  the  influence  of  the  temperature  for  March  upon  the 
wtaiter  wheat  in  Ohio.  An  inspection  of  the  chart  wiU  show  that  March  has 
been  warmer  than  the  normal  24  times  during  the  past  54  years,  and  that  in 
those  years  21  have  had  a  wheat  yield  above  the  normal  and  only  8  a  yield 
below  the  normaL 

On  the  other  hand,  a  cool  March  usually  means  a  poor  wheat  yield,  although 
the  unfavivable  effect  is  not  quite  so  marked  as  is  the  favorable  effect  of  a 
warm  March. 

If  we  consider  only  those  years  when  the  departure  of  the  mean  temperature 
has  been  2  degrees  or  more  a  day  from  the  normal,  then  with  a  warm  March 
the  probability  of  the  wheat  yield  being  above  the  normal  is  94  per  cent  and 
with  a  cold  March  the  probability  of  a  poor  wheat  yield  \a  75  per  cent 

Effect  of  siMMo  coveHng  on  wkUer  wheat. — It  is  common  to  credit  a  good  snow 
covering  in  the  wintertime  with  a  good  yield  of  wheat,  or  to  say  that  the  lack 
of  a  snow  blanket  is  sure  to  cause  a  poor  yield  of  wheat  but  careful  correlations 
made  in  Ohio  seem  to  show  no  ben^dal  result  from  snow  covering  or  damage 
from  the  lack  of  it  At  least  the  snow  covering  does  not  have  a  dominating 
influence.  On  the  other  hand,  the  studies  seem  to  show  that  bare  ground  with 
freezing  and  thawing  weath^  during  January  is  beneflciaL 
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fXmiT9   6-  Carres  Aoving  th«  relation  between  the  enowfall  in  Uarob  at  aoaeon.  Ohio. 
Md  tte  yield  of  winter  wheat  In  Folton  Coonty.  189:i.l914. 

•Departure  of  the  yield  froa  the  normal.  In  bushels  per  acre. 


•]>epartare  of  the  snowfitll  froa  tho  nor  al«  in  Inohea. 


.  Snowfall  and  field  of  winter  wheat. — ^Further,  while  a  snowfall  in  January 
^ipears  to  be  favorable,  it  is  found,  contrary  to  the  usual  opinion,  that  a  snow- 
fall in  March  is  decidedly  detrimental  to  winter  wheat 
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In  figure  6  a  chart  is  reproduced  showing  by  one  curve  the  departure  of  the 
wheat  yield  from  the  normal  in  Fulton  County,  Ohio,  and  by  the  other  the 
departure  of  the  snowfall  from  the  normal  at  Wauseon.  It  will  be  at  once  seea 
that  with  two  or  three  exceptions  the  wheat  yield  is  always  poor  when  the 
snowfall  is  above  the  normal  and  the  wheat  yield  is  always  good  when  the 
snowfall  Is  below  the  normal. 

This  curve  Is  substantiated  by  a  correlation  between  these  factors  in  this  and 
several  other  counties  in  Ohio,  so  that  the  fact  seems  to  be  well  established. 
In  fact  the  correlation  coefficients  show  that  this  Is  the  most  important  weather 
factor  in  its  effect  upon  the  yield  of  winter  wheat  in  Ohio.  Just  why  this  is  so 
remains  to  be  answered  along  with  a  i^reat  many  otiier  simitar  questions. 

A  FEW   OF  THK  PRODI^MS. 

Why  are  oats  grown  so  extensively  In  northern  Ohio  and  not  in  the  southern 
portions  of  the  State?  Why  is  it  that  head  lettuce  is  grown  with  such  splendid 
success  in  the  greenhouses  about  Boston,  but  can  not  be  grown  at  all  in  the 
vicinity  of  Cleveland? 

What  is  the  length  of  the  growing  season  of  a  crop  planted  at  different  times 
and  under  different  climatic  conditions?  Are  crops  being  planted  at  such  time 
as  will  bring  that  period  of  their  development  when  they  need  much  water  at 
the  season  of  the  year  when  there  is  an  abundance  of  rainfall,  or  does  it  ccmie 
when  there  is  little  rainfall?  Is  the  value  of  an  early  crop  great  enou^  to 
warrant  planting  so  early  that  it  will  be  killed  by  frost  25  per  cent,  50  per  cent, 
or  75  per  cent  of  the  time?     If  so,  what  are  the  dates  of  spring  frosts? 

If  it  is  true  that  nitrate  of  soda  has  its  l)est  effect  upon  crops  in  dry  and 
warm  weather  and  sulphate  of  ammonia  produces  the  best  result  in  moderately 
wet  weather,  should  not  the  kind  of  fertilizer  to  be  used  depend  upon  the 
climate  and  the  season  of  the  year?  Is  it  true  that  agricultural  experiment  stm- 
tion  investigators  have  l)een  carrying  on  long  fertiliser  experiments  without 
taking  into  account  tlie  different  amounts  of  heat  and  rainfall  during  the  dif- 
ferent years  covered  by  the  tests? 

It  has  been  found  that  the  keeping  quality  of  seeds  as  well  as  their  germinat- 
ing vigor  depends  upon  the  condition  of  the  weather  while  they  are  ripenin|^ 
In  Europe  it  has  been  found  that  the  weather  during  the  ripening  of  some  croiNi 
has  more  to  do  with  the  yield  from  that  seed  than  that  of  any  similar  period 
during  the  growth  of  the  plant. 

This  being  the  case  the  exact  cimditlon  of  the  weather  when  seeds  of  anjr 
crop  are  ripening  should  be  known  and  those  selected  from  only  that  dis- 
trict that  had  the  most  favorable  ripening  conditions,  even  if  one  has  to  go  a 
long  distance  for  them.  The  question  will  then  follow  whether  we  can  ybtj 
the  time  of  planting,  the  thickness  of  the  stand,  or  the  kind  of  fertilizer  so  that 
the  date  of  ripening  can  be  brought  Into  that  period  when  weather  most 
favorable  for  the  seed  Is  most  apt  to  prevail. 

Why  Is  the  keeping  quality  of  onions,  for  example,  different  from  seed  grown 
In  California  than  that  grown  in  Michigan?  Why  was  it  considered  necessarj 
for  many  years  to  get  cabbage  and  cauliflower  seed  from  Long  Island  in  order 
to  have  them  head  in  the  most  satisfactory  manner?  Why  Is  it  that  while 
spring  wheat  shows  a  l>etter  yield  and  quality  If  the  seed  is  obtained  from  more 
northern  districts,  winter  wheat  seed,  on  the  other  hand,  gives  best  results  If 
selected  from  more  soutliem  districts? 

If  it  is  true  that  wheat  ripened  in  a  marine  climate  contains  such  a  low  per 
cent  of  protein  as  compared  with  that  grown  in  an  inland  cootlnental  cUmatft 
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that  it  becomes  necessary  to  increase  the  consumption  of  ottier  nitrogenous 
foods*  why  do  we  never  inqoire  as  to  the  locality  from  wliich  our  flour  comes 
or  the  condition  of  moisture  under  wliich  the  wheat  \a  grown? 

S(KDe  of  our  investigations  in  Ohio  show  that  the  weather  during  June  of 
one  year  has  a  .greater  effect  upon  the  apple  yield  of  the  next  year  than  the 
weather  of  any  other  month  of  the  next  15;  but  is  this  universally  true?  We 
know  something  of  the  effect  of  longer  hours  of  sunshine  or  of  daylight  in 
varying  the  color  of  flowers  and  the  texture  of  fruit  and  of  grain,  but  we  know 
little  of  the  effect  of  much  sunshine  at  Just  the  proper  period  of  growth  in 
producing  some  extraordinary  yields. 

As  f  see  the  matter,  agricultural  meteorology  can  answer  these  and  a  multi- 
tude of  similar  questions  by  flnding  the  critical  period  of  growth  for  the  dif- 
f^^nt  plants  in  different  parts  of  the  country  and  then  correlating  this  knowl- 
edge with  the  known  climatic  factors. 

The  determination  of  the  critical  period  of  the  plant  and  the  weather  most 
affecting  it  can  be  accomplished  in  two  ways.  One  by  a  systematic  study  of  the 
temperature,  rainfall,  sunshine,  and  evaporation  at  the  agricultural  experi- 
ment stations  and  the  record  of  the  immediate  effect  of  these  conditions  on 
the  various  plants.  This  is  the  plan  that  is  in  effect  in  Russia  and  has  Just 
been  taken  up  in  Canada.  * 

Tlie  other  is  by  correlating  the  crop  yields  during  past  years  with  the 
weather  ccmditions  that  prevailed  during  each  growing  season  by  means  of 
charts  and  correlation  tables.  To  accomplish  this  the  tabulating  and  charting 
of  climatological  data  underway  by  the  Weather  Bureau  must  be  completed 
and  the  average  and  extreme  temperature,  rainfall,  and  sunsMne  data  det^- 
mined  not  only  for  States  but  for  groups  of  States  and  for  parts  of  States. 
These  sdioold  cover  as  many  years  as  possible  and  be  tabulated  by  months  and 
groiq»  of  months.  In  the  most  important  agricultural  districts  the  averages 
should  be  determined  for  10-day  periods  or  for  d^nite  weekly  periods. 

THE  VALUE  OF  SUCH  A  SERVICE. 

The  United  States  Weather  Bureau  is,  and  has  l>een  for  years,  carrying  on 
definite  work  in  the  interest  of  agriculture,  which  is  inroperly  placed  under  the 
head  of  agricultural  meteorology.  I  refer  to  the  special  corn  and  wheat  region 
advice,  the  cotton  and  rice  service,  its  special  fruit  service,  and  its  weekly 
and  monthly  crop  bulletins.  But  when  the  critical  period  for  the  various  plants 
has  been  discovered  and  the  information  is  at  hand  that  will  appear  in  the 
agricultural  atlas,  then  these  special  activities  of  the  Weather  Bureau  will 
talce  on  a  special  significance  and  can  be  made  of  far  greater  value  to  the  agri- 
cultural Interests  of  the  country  than  they  now  are. 

The  value  of  the  knowledge  gained  from  a  study  of  agricultural  meteorology 
can  not  be  overestimated.  Take  the  irrigated  districts  of  the  West,  for  example, 
how  often  one  sees  crops  or  even  whole  fields  spoiled  by  too  much  water; 
grain  watered  at  the  wrong  time  giving  a  great  stand  of  straw  but  little 
grain ;  potatoes  given  too  much  moisture  Just  as  the  tubers  were  setting,  and 
the  result  being  many  more  than  the  plant  could  mature;  water  used  on 
one  plant  that  did  not  need  it,  at  a  time  when  the  supply  was  limited,  while 
another  crop  should  have  had  a  maximum  supply  at  this  period  of  its  growth. 

Bven  in  the  humid  region  of  the  central  and  eastern  districts  a  correct  knowl- 
edge of  the  importance  of  water  at  the  right  time  will  make  men  see  the  valus 
ift  being  able  to  siqiply  this  moisture  through  irrigation. 

I  wonder  whether  we  have  even  begun  to  understand  the  importance  of 
plenty  of  water  in  our  crop  production  scheme.    Surely  there  must  be  some- 
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thing  in  tbe  old  legend  of  the  pot  of  gold  at  the  end  of  the  rainbow.  Only 
if  we  but  knew  it,  it  is  not  necessary  to  follow  the  rainbow  to  its  end  to  find 
the  gold.  The  gold  had  fallen  from  the  clouds  before  the  rainbow  came  into 
Tiew. 

If  every  summer  shower  should  bring  down  to  the  ground  dimes  and  dollars 
and  golden  eagles,  how  eagerly  we  would  watch  for  each  thunderhead  as  it 
loomed  above  the  western  horizon.  If  a  new  land  should  be  discovered  where 
one  could  go  out  after  each  storm  and  find  money  lying  around  on  the  ground 
or  pick  it  from  the  trees  and  shrubs,  there  would  be  a  stampede  to  this  new 
Bldorado  such  as  the  days  of  '49  never  knew. 

And  yet  it  seems  clear  that  the  rains  of  the  growing  months  of  summer 
leave  wealth  over  every  acre  of  ground  Just  as  surely  as  would  be  the  case 
if  money  actually  fell  from  the  skies.  To  be  sure,  we  can  not  see  the  real 
coins,  and  because  so  little  has  been  done  to  measure  the  actual  value  of 
the  rain  in  dollars  and  cents  we  have  not  thought  it  possible  to  calculate  its 
worth. 

We  know,  of  c<iur8e,  that  it  has  a  value,  but  never  have  thought  it  possible 
to  separate  this  one  factor  from  all  of  the  others  that  go  to  control  the  growth 
of  vegetatiop  and  produce  the  crop. 

We  6elieve  that  this  new  agricultural  meteorology  when  properly  developed 
will  enable  us  to  express  rainfall  in  terms  of  cash  value  instead  of  in  inches 
of  water,  temperature  in  the  ability  of  the  farmers  to  buy  instead  of  in  degrees, 
and  sunshine  in  the  increased  number  of  automobiles  and  farm  tractors  Instead 
of  in  calories. 

KEFEBBNCBS. 

(1)  The  Climate  of  Wisconsin  and  Its  Relation  to  Agriculture,  by  A.  R. 
Whitson  and  O.  E.  Baker,  The  University  of  Wisconsin  Agricultural  Rxperi- 
ment  Station  BuUetin  223,  July,  1912. 

(2)  Phonological  Dates  and  Meteorological  Data  Recorded  by  Thomas  Mike- 
sell  at  Wauseon,  Ohio,  compiled  and  edited  by  J.  Warren  Smith,  Monthly 
Weather  Review  Supplement  No.  2. 

(3)  The  Effect  of  Weather  upon  the  Yield  of  Com,  by  J.  Warren  Smith, 
Monthly  Weather  Review,  February,  1914. 

(4)  Correlation.    J.  Warren  Smith,  Monthly  Weather  Review,  May,  1911. 
(6)  The  Effect  of  Weather  upon  the  yield  of  Potatoes,  by  J.  Warren  Smith, 

Monthly  Weather  Review,  May,  1915. 

The  Chairman.  It  gives  me  gireat  pleasure  to  lay  this  paper  before 
you  for  discussion.  I  hope  you  will  permit  me  to  open  the  same  by 
calling  attention  to  the  fact  that  this  paper  by  Prof.  Smith  shows 
how  the  science  of  meteorology  can  be  applied  to  the  great  economic 
advantage  of  any  nation  that  supports  it  He  has  shown  you  the 
tremendous  increase  in  the  money  value  of  crops,  depending  upon 
the  amount  of  rainfall  and  when  it  may  be  beneficial.  The  agricul- 
turist who  is  equipped  with  this  knowledge  can  handle  his  crop  to 
great  advantage.   I  hope  the  paper  may  be  fully  discussed. 

Mr.  Chubch.  I  should  like  to  ask  whether  Prof.  Smith  can  suggest 
any  reason  why  bare  ground  in  January  is  better  for  wheat  than  a 
January  with  snow  on  the  ground. 

Mr.  Smith.  The  idea  seems  to  be  that  the  greater  number  of  days 
that  the  ground  is  bare,  with  freezing  and  thawing  weather,  the  more 
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the  earth  is  settled  around  the  roots  of  the  wheat  plant  and  it  is 
better  able  to  stand  unfayorable  weather  later.  That  is  not  true  of 
February  and  March,  however.  February  and  March  should  have  a 
good  snow  covering,  but  in  January  the  ground  should  be  bare. 

Mr.  Ghubch.  If  you  get  rains  in  the  autumn,  will  not  the  same 
effect  be  produced? 

Mr.  Smith.  Yes,  I  think  that  is  true;  although  T  never  tried  to 
separate  that  factor  of  dry  weather  in  the  fall  from  the  weather  in 
January. 

Mr.  Chubch.  The  old  farmers  considered  that  the  thawing  had  a 
tendency  to  loosen  the  roots. 

Mr.  Smtth.  That  is  true  in  March  and  February,  but  it  does  not 
seon  to  be  true  in  January. 

Mr.  YooRHEES.  You  speak  of  the  total  amount  of  temperature  to 
bring  the  crop  to  maturity.  I  have  done  a  little  work  along  that 
fine,  and  it  seems  to  me  that  when  you  make  a  correlation  between 
temperature  and  the  length  of  time  it  takes  a  crop  to  mature — i.  e., 
the  cumulative  temperature — ^you  have  got  your  time  on  both  sides, 
and  you  are  bound  to  get  a  plus  correlation,  while  if  you  take  the 
mean  temperature,  so  as  to  eliminate  the  number  of  days  on  one  side, 
yoQ  may  get  a  minus  correlation. 

Mr.  Smtth.  I  never  thought  there  was  much  difference  between 
taking  the  cumulative  temperature  and  the  mean  temperature.  In 
the  work  at  Wauseon  the  accumulated  temperature  with  potatoes 
diows  a  minus  correlation. 

Mr.  YooRHEES.  I  worked  some  with  soy  beans  and  some  with  com. 

Mr.  Smtth.  I  have  taken  the  cumulative  temperatures  above  43^ ; 
diat  is,  I  have  considered  43^  to  be  the  temperature  above  which  we 
get  an  effective  heat. 

Mr.  Frankenfield.  I  am  much  interested  in  the  chart  showing  the 
snowfall  and  the  wheat  yield.  If  I  remember  correctly,  on  one  of 
the  other  charts  you  determined  that  a  wet  March  was  necessary  for 
a  good  wheat  yield.   Is  that  true? 

Mr.  Smtth.  I  do  not  think  it  is  a  wet  March  so  much  as  it  is  the 
high  temperature  in  March.  The  rainfall  has  no  relation  whatever 
for  the  month  of  March,  but  the  temperature  should  be  high,  and  the 
snowfall  is  detrimental. 

Mr.  FsANKENFiEU).  The  temperature  being  high,  you  will  have  no 
snow. 

Mr.  Smtth.  It  may  be  so.  It  remains,  then,  to  answer  the  question 
as  to  the  correlation  of  temperature  to  snowfall,  which  I  have  not 
d<me. 

Mr.  Franksnfdsld.  One  other  point.  According  to  my  interpreta- 
tion of  the  comparative  curves  of  precipitation  and  com  for  the 
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month  of  July  where  your  curves  do  not  agree,  may  it  not  be  due  to 
a  deficiency  or  excess  in  the  month  of  June  or  at  the  corn-planting 
time?  For  instance,  if  you  have  a  very  favorable  precipitation  for 
June,  may  not  that  serve  to  correct  some  part  of  the  curve  for  July! 

Mr.  SMrrH.  The  correlation  table  does  not  show  that.  And  then  I 
have  found  this:  If  July  were  going  to  be  dry,  June  ought  to  be  dry. 
If  June  is  wet  the  com  will  root  close  to  the  surface  of  the  ground, 
and  then  when  July  comes,  if  it  is  dry,  the  crop  will  dry  out  quickly; 
whereas  if  you  have  moisture  enough  to  start  your  com,  then  if 
June  is  comparatively  dry,  the  roots  of  the  com  will  work  down  and 
be  able  to  stand  a  bad  drought  in  July.  I  do  not  think  there  is  any 
question  at  all  about  that.  July  and  August  seem  to  work  together 
with  regard  to  com,  but  you  can  pretty  nearly  eliminate  June  in  the 
great  com  States  in  the  central  part  of  the  United  States. 

Mr.  VooRHEES.  I  have  made  a  chart  similar  to  that  for  Tennessee, 
for  com  and  rainfall,  and  in  nearly  every  case  where  a  dry  July  did 
not  give  a  good  crop  it  was  because  we  had  a  wet  June.  If  it  is  wet 
in  June  the  com  is  in  no  shape  to  do  any  good  in  July  if  July  is  dry. 

The  Chairman.  If  there  is  no  further  discussion  I  think  we  will 
not  attempt  to  hear  any  more  papers  this  afternoon,  as  the  hour  is 
rather  late  and  many  of  you  no  doubt  have  other  engagements  whidi 
you  would  like  to  keep.  Unless  there  is  some  question  to  come  up,  I 
will  declare  this  meeting  adjourned. 
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SESSION  OF  SUBSECTION  A  OF  SECTION  II. 

Carneqob  Institdtion, 
Wednesday  morning^  December  £9,  1916. 

Chairman,  Bobebt  S.  Woodward. 

The  session  was  called  to  order  at  9.80  o'clock  by  the  chairman. 

The  Chatbman,  The  director  of  the  Astronomical  Observatory  of 
C6rdoba,  Argentina,  Mr.  C.  D.  Perrine,  wiU  present  the  first  paper 
ot  this  session,  the  title  being  ^  Some  indications  of  spiral  motion  in 
our  stellar  system." 

SOKE  INDICATIONS  OF  SPIRAL  MOTION  IN  OUR  STELLAR 

SYSTEM. 

By  C.  D.  PERRINE, 
Diredor  Ob$ervatatio  NacUmal  Argentino,  Cdrdoba,  Argentina, 

Several  pecoUaritieB  in  the  motions  of  the  stars,  darived  both  from  radial 
i^oclties  and  inroper  motions,  have  recently  been  foand  which  appear  to  have  a 
bearing  on  the  general  motions  and  stmctnre  of  our  stellar  system.  The  inves- 
tigations leading  to  some  of  these  conclusions  are  only  of  a  preliminary  nature 
and  require  further  confirmation.  They  appear,  however,  to  be  of  sufficient 
weli^t  to  Justify  further  consideration. 

A  peculiar  asymmetry  in  the  proper  motions  of  the  class  B  stars  led  to  the 
determination  of  the  solar  apex  from  northern  and  southern  stars  separately. 
The  resulting  positions  differed  widely  in  right  ascension  and  showed  consider- 
able evidence  of  being  consistent  The  declinations  differed  also,  but  are  not 
yerj  r^lable. 

These  dUterenoes  In  the  positions  of  the  apex  derived  from  the  northern 
and  southern  stars  separately  are  such  as  to  cause  them  to  lie  in  general  along 
the  Milky  Way  and  are  similar  to  those  found  by  many  investigators  from 
proper  motions  of  various  classes  of  stars,  particularly  from  northern  stars. 

In  order  to  obtain  further  information,  the  position  of  the  solar  apex  was 
determined  from  the  radial  velocities  of  the  same  stars,  from  the  northern  and 
southern  stars  SQ[>arately.  These  positions  differed  from  each  other  about  as 
mu<di  as  did  those  from  the  proper  motions,  but  the  right  ascensions  changed 
places  i^yprozimately  with  those  derived  from  proper  motions — ^L  e.,  the  posi- 
tloQ  derived  from  the  northern  radial  velocities  was  close  to  that  from  the 
sootbem  proper  motions  and  vice  versa. 

As  the  radial  vtiodties  which  are  most  effective  in  determining  the  positions  of 
the  apex  are  those  near  the  apices,  while  the  proper  motions  which  have  most 
^fect  are  those  nearly  at  right  angles  to  the  apices,  the  conclusion  is  indicated 
that  vystonatic  differences  in  the  motions  in  these  different  regions  have 
caused  the  dUterenoes  in  the  positions  of  the  solar  apex.  These  results  from 
the  dass  B  stars  are  believed  to  be  of  considerable  weight  on  account  of  the 

93 


Digitized  by  VjOOQIC 


94 


PROCEEDINGS  SECOND  PAN   AMERICAN  SCIENTIFIC  C0NQBE88. 


apparent-  homogeDeity  in  many  ways  of  these  stars.  They  have  very  small 
proper  motions  indicating  uniformly  great  distances ;  they  have  small  inherent 
velocities  and  a  close  affinity  for  the  mlUcy  way. 

The  radial  velocities  of  the  spectral  classes  A,  F,  and  G  and  the  stars 
brighter  than  3rd  magnitude  have  been  examined  also.  The  conditions  are  less 
certain  among  these  stars,  especially  the  F  and  Q  stars,  chiefly  on  account  of 
their  much  larger  radial  velocities.  Something  similar  appears  to  exist  among 
them,  although  the  peculiarities  observed  are  not  yet  sufficiently  understood. 

One  peculiarity  stands  out  in  all  of  them,  that  the  right  ascension  of  the  apex 
from  radial  velocities  of  all  of  the  northern  stars  is  at  least  10*  to  12*  smaller 
than  the  strongest  values  derived  from  all  stars,  both  from  radial  velocities 
and  proper  motions.  This  is  very  consistent  in  all  of  the  groups  and  is  believed 
to  be  real. 

The  southern  groups  are  not  so  regular  in  indicating  the  position  of  the 
apex.  The  B,  F,  and  6  stars  give  much  larger  right  ascensions,  while  the  stars 
of  2.9  and  brighter  and  the  A  stars  give  right  ascensions  agreeing  well  with  that 
from  the  northern  stars. 

It  is  to  be  noted  that  these  positions  point  strongly  to  two  well  marked  and 
distinct  regions  rather  than  to  the  entire  region  between  these  limits. 

From  the  radial  velocities  were  obtained  the  velocities  of  the  solar  motion 
from  the  northern  and  southern  stars  separately.  These  diflPer  considerably  in 
the  class  B  and  bright  stars,  the  value  from  the  northern  stars  being  much  less 
than  from  the  southern  stars.  The  A  type  stars  show  a  slight  contrary  differ- 
ence, and  the  F  and  G  stars  together  a  large  contrary  difference. 

Table  I. — Clasa  B,  3.0  and  fainter — Position  of  solar  apew,  from  proper  motions.^ 


A. 


D. 


Number 


0^  group... 
1^  group.. 


AU. 

Apex+antapex 

0k  group,  reNricted. . , 
13^  group,  restricted . 


277.8 
370.0 
271.6 
26^7 
282.7 
254.9 


+37.6 
+10.6 
+2L6 


41 
70 
175 
64 
10 


^  The  namerical  results  glTen  in  this  and  the  following  tables  were  derived  from  least- 
square  solutions  of  the  data  arranged  according  to  redone.  The  sky  was  divided  for 
convenience  into  72  regions,  each  2^  in  rigbt  ascension  by  80*  in  declination,  commencina 
at  0*  and  the  equator.  The  right  ascensions,  declinations,  observed  radial  relocltiea  ano 
proper  motions  were  then  arranged  according  to  these  regions,  the  means  talcen.  and 
from  that  point  treated  as  one  observation.  Single  observations  were  combined,  If  pos- 
sible, with  neighboring  regions,  or  If  neatly  isolated  were  rejected.  In  high  declinations, 
small  gronps  were  combined  If  possible.  If  they  all  were  within  an  area  reasonably  near 
the  sise  or  the  adopted  equatorial  region.  There  are  few  of  such  combined  areas.  In- 
herent velocities  of  80  k.  and  over  In  class  A  and  40  k.  and  over  in  classes  F  and  G 
were  rejected.  In  the  solutions  where  the  re^ons  about  the  ellipsoidal  axes  were  treated 
separately,  the  above  system  was  followed  as  closely  as  possible. 

Tabub  11,-^,0  and  fainter— Solar  apex  from  radial  i>elocitie$. 


A. 

D. 

V0. 

K. 

Number 
of  stars. 

Class  B: 

All  stars 

• 

285.2 
284,2 

260-2 
262.0 

257.4 
261.6 

• 
+23.8 
+21.3 

+  18.4 
+2L2 

+21.2 
+18.7 

Km. 
-10.76 
-19.08 

-19.78 
-19.02 

-15.97 
--16.65 

Km. 
+4.4 
+4.3 

0.0 
-0.3 

-0.6 
-L2 

193 

Omitting  stars  within  40*  of  ellipsoid  aploes 

12» 

Class  A: 

All  stars 

181 

Omitting  stars  witlUn  40*  of  ellipsoid  apices 

Oniitting  stars  within  40*  of  ellipsoid  apioes  (omit- 
d^^^^fnir  7  nbnnrTni^l  fTonpf!)             

143 
13H 

^^H^'^UVl  fi,  gn.lJU?tle,  -»,....,,,....., ,.,,,,r.T.-r--- 

162 

. 
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Table  UL — VelocUy  and  poHHon  of  9olar  apem  from  radiai  velocities. 


North. 

South. 

A. 

D. 

V0. 

K. 

A. 

D. 

V0. 

K. 

aw^."iB^»nrK..  .       ..  x    ...x 

2Mw» 
VLZ 

240.9 
2S3.9 
266.0 
25&9 
25&8 
250.9 
260.8 
254.4 
254.8 

+  5.9 
+43.6 
+15.0 
+26.5 
+8&0 
+28.9 
+84.8 
+17.0 
+2L5 
+28.6 
+22.0 

+T« 

Km. 

-ia8 

-14.4 
-24.8 
-17.0 
-28.0 
-19.6 
-16.6 
-17.2 
-17.8 
-22.9 
-2L5 

Km. 
-5.7 

"+i*«' 
**+iT 
""Hi' 

-0.9 

"+LT 

• 

256.9 

267.9 
288.7 
287.7 
262.6 
262.4 
260.8 
256.2 
258.8 
280.4 
27A2 

• 
+80.2 
+80.9 
+14.7 
+80.8 
+  0.2 
+18.5 
-22.2 
-17.4 
+1L7 
+85.2 
+18.8 

Kw^ 
-2L4 
-2L5 
-20.6 
-24.8 
-19.7 
-20.2 
-2L5 
-16wO 
-16.0 
-1A5 
-12.0 

Km. 
+8.4 

B  «4tiwYfti<nt«r..... 

+5.6 

"ififf i imilttliw  IT 

A  MtiwIMmfr. 

+2.9 

'*fm*.  omittiiw  K 

ame-oaifuiiicftaf^TiaiiM 

0]BlSliisK«Dd2lBrceTtlOM 

PswIOnilMHif.  ..*....     . 

+8.8 
+5.4 

••Lis 

^'wff^tWnliilngK. 

In  bis  determination  of  tiie  solar  velocity  Campbell  finds*  that  the  spectral 
classes  A,  F,  and.Q  give  consistentiy  smaller  values  than  do  the  others. 

My  own  work  confirms  his  resolts  in  this  reiq[)ect 

An  examination  of  the  residual  velocities  of  the  fainter  F  and  Q  stars,  by 
regions,  shows  when  cleared  of  the  solar  motion  toward  18^,+SO*,  velocity  19.5 
km.  some  peculiar  tendencies  to  minor  streaming,  an  excess  of  positive  veloci- 
ties  in  the  northern  sky  and  of  negative  velocities  in  the  southern  sky.  Much 
of  this  latter  peculiarity  is  probably  due  to  the  different  value  of  the  solar 
motion  shown  by  these  stars.  €k>rrected  for  n  solar  motion  of  16  or  17  k.  most 
of  this  differ^ice  would  probably  disappear.  All  of  the  streaming  tendency 
would  hardly  be  removed,  however.  Furthermore,  there  appears  to  be  a 
tendency  in  these  stars  for  the  largest  positive  residuals  to  be  associated  with 
the  vertices  of  stream  II  and  of  the  negative  residuals  with  the  vertices  of 
stream  L 

I  have  recently  shown  that  the  stars  of  all  of  the  spectral  classes  with  the 
exception  of  B  have  a  preferential  motion  presumed  to  be  toward  7^,+64*  (the 
vertex  of  stream  II).  This  vertex  may  be  different  for  different  types  or  dis- 
tances. There  has  been  no  opportunity  to  further  investigate  these  points  as 
yet,  nor  has  it  seemed  desirable  until  other  peculiarities  were  somewhat  better 
understood.  The  classes  A,  F,  and  Q  which  have  the  largest  proper  motions 
and  are  nearest  to  the  Sun  appear  to  have  the  largest  value  of  this  prefer- 
ential motion. 

Oharlier  has  recently  determined  from  the  proper  motions  of  Boss's  P.  G.  O. 
what  he  considers  to  be  a  direct  motion  of  the  invariable  plane  of  the  solar 
iystem  upon  the  plane  of  the  Milky  Way.  Without  knowledge  of  Charlier*s 
work  I  found  the  asymmetry  in  the  proper  motions  of  the  class  B  stars  already 
mentioned  and  indications  of  a  similar  condition  in  the  stars  of  Boss's  P.  G.  G. 

Interpreted  as  a  direct  motion  of  the  invariable  plane,  the  value  given  by 
the  class  B  stars  is  at  least  three  times  that  found  by  Oharlier.  It  is  to  be 
noted  that  the  class  B  stars  used  by  me  (200±)  are  all  in  the  P.  G.  C,  and, 
therefore,  that  these  have  had  their  part  in  forming  the  smaller  value  found 
by  Charlie.  It  is  also  to  be  noted  that  the  dass  B  stars  are  undoubtedly  very 
much  farther  away  from  the  Sun  than  the  average  of  the  stars  in  the  P.  G.  0. 

If  the  values  from  the  B  stars  were  any  less  consistent  it  would  be  thought 
that  the  dlff»ence  between  that  and  Oharlier*s  value  might  be  purely  accl- 
dentaL    As  it  is,  however,  the  presumption  \a  strong  that  it  is  reaL 

If  the  motion  indicated  is  in  reality  a  motion  of  the  invariable  plane,  the 
angular  value  derived  ffrom  all  classes  and  distances  of  stars  should  be  the 
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same.  If,  however,  the  wide  differences  in  the  values  found  are  real  then  the 
explanation  seems  to  be  required  that  at  least  a  part  Is  a  real  motion  of  the 
stars  in  a  retrograde  direction,  this  motion  being  variable. 

There  appears  to  be,  a  priori,  reason  to  expect  some  kind  of  motion  of  the 
invariable  plane  also. 

It  may  be  noted  that  the  Sun  also  appears  to  be  moving  in  a  retrograde 
direction  nearly  in  the  plane  of  the  Milky  Way. 

The  evidence  from  the  radial  velocities  tends  to  confirm  this  conclusion 
regarding  tiie  retrograde  motion  of  the  stellar  system  and  appears  to  be  re- 
liable. 

We  may  sum  up  the  principal  conclusions  which  appear  to  bear  on  the  ques- 
tion, recognizing  that  they  are  only  tentative,  as  follows: 

(A)  That  there  is  a  motion  of  rotation  (or  a  tangential  component)  of 
the  stars  in  the  plane  of  the  milky  way  in  a  retrograde  direction. 

(B)  That  this  motion  is  variable,  being  greater  probably  for  the  more  distant 
stars. 

(C)  That  the  solar  velocity  derived  from  the  stars  nearest  to  the  sun  in 
both  spectral  type  and  distance  is  smaller  than  for  the  other  classes  which 
are  in  general  at  greater  distances. 

(D)  That  the  positions  of  the  solar  apex  derived  separately  from  the 
northern  and  southern  stars  indicate  that  for  some,  at  least,  of  the  dasses,  the 
stars  in  these  regions  aie  affected  by  different  preferential  motions.  These 
differences  of  position  of  the  apex  may  be  connected  also  with  the  larger 
differences  in  the  solar  velocity  derived  from  these  regions  separately  and  with 
the  general  distance  of  the  stars  from  the  sun — the  stars  which  are  nearest 
showing  in  general  smaller  deviations  of  both  apex  and  solar  velocity. 

(B)  That  the  preferential  cross  motion  (toward  7^,4-64*')  appears  to  be 
greatest  for  the  stars  which  are  nearest  in  general  to  the  sun  and  zero  for 
the  earliest  and  most  distant  type. 

(F)  Marked  anomalies  are  shown  in  the  cases  where  a  K  term  was  Intro- 
duced into  the  solutions  from  north  and  south  stars  separately.  The  values 
derived  are  apparently  systematic  with  respect  to  the  north  and  south  regions^ 
the  class  of  stars,  and  the  resulting  values  of  the  solar  velocity.  This  would 
seem  to  point  to  some  motion  or  effect  which  is  not  sufficiently  represented. 
On  the  other  hand,  the  introduction  of  such  a  term  In  some  of  the  classes  leads 
to  values  of  the  declination  which  seem  unreal.  It  may  be  said,  however, 
that  the  conditions  are  unfavorable  to  the  determination  of  declination. 

(G)  The  doubt  that  the  K  term  Is  really  a  constant  If  it  Is  simply  unrepre- 
sented motion,  it  becomes  very  significant  as  Indicating  the  probable  excess 
of  outward  over  Inward  motion  In  our  stellar  system. 

(H)  Charts  of  the  high  velocities  in  most  of  the  classes  show  an  undoubted 
connection  of  some  of  these  with  the  regions  around  the  vertices  of  stream 
I  (6^,-^15^).  There  Is  also  a  marked  grouping  In  the  regions  around  the  two 
vertices  which  may  correspond  to  stream  II,  but  i^pears  to  be  between  the 
vertices  of  stream  II  and  the  ellipsoidal  vertices.  They  seem  to  be  farther 
north  than  the  ellopeoldal  vertex  at  6^, +15*. 

(I)  The  motion  of  the  sun  Itself  appears  to  be  In  a  retrograde  direction  and 
to  agree  In  general  with  the  motion  of  an  hypothetical  spiral  arm. 

A  number  of  other  observed  peculiarities  and  possible  relations  have  suggested 
themselves,  but  as  they  do  not  seem  to  have  any  particular  bearing  at  the 
present  time  they  are  omitted. 

Although  all  of  the  above  conditions  are  far  from  being  confirmed,  there 
appears  to  be  enough  probability  to  Justify  considering  briefly  their  bearing  on 
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tbe  general  motions  and  structure  of  our  stellar  system,  with  the  view  of  finding 
a  working  bypotbesis  for  subsequent  inyestigations. 

It  may  be  necessary  to  modify  somewhat  the  conclusion  that  the  general 
motion  is  outward,  for  there  are  some  appearances  which  seem  best  explained 
by.  both  incoming  and  outgoing  motions. 

A  general  inspection  of  the  conditions  seems  to  negative  the  possibility  of 
^ther  simple  rectilinear  stream  motions  or  purely  rotary  motion  satisfying 
than. 

The  conclusions  have  been  reached  by  other  investigators  in  regard  to  the 
two-stream  and  ellipsoidal  theories  that  the  motions  are  not  parallel  motions, 
but  preferences  only  for  particular  directions.  This  seems  to  be  sufficiently  con- 
firmed by  the  numerical  results  which  have  been  obtained  both  from  the  radial 
velocities  and  proper  motions,  when  we  consider  simply  the  amount  of  motion 
irrespective  of  direction. 

There  is,  however,  strong  evidence  that  the  stars  of  the  early  and  late 
spectral  types  have  a  relative  motion  in  the  general  direction  of  the  sun*8 
motion  of  5  km.  or  6  km.  and  practically  conclusive  evidence  that  all  of  the 
types  except  B  have  a  preferential  motion  nearly  at  right  angles  to  the  direction 
of  the  sun*s  motion. 

It  seems  not  unreasonable  to  suppose  that  these  preferential  motions  may  be 
simply  components  of  some  more  genejral  motion.  This  view  is  strengthened, 
I  think,  by  the  evidence  of  l>oth  a  general  outward  motion  and  a  motion  of 
rotation.  Should  both  these  latter  conditions  be  confirmed,  we  are  led  almost 
immediately  to  some  form  of  iBt>iral  motion. 

One  of  the  very  important  points  and  perhaps  a  crucial  test  of  any  hypothesis 
is  the  tendency  in  practically  all  regions  of  the  sky  for  stars  to  have  com- 
pon^itB  of  motion  both  toward  and  away  from  the  sun.  This  appears  to  be 
nearly  if  not  entirely  as  true  of  the  liigh  as  of  the  low  velocities.  It  is  not 
difficult  to  imagine  conditions  and  a  position  of  the  sun  which  would  give  such 
an  effect  if  the  system  were  a  spiral.  Whether  or  not  the  actual  conditions 
will  fit  remains  to  be  seen. 

From  tlie  uniformity  of  the  spiral  nebulse  in  this  respect  we  necessarily 
start  with  the  assumption  of  two  branches. 

The  i^ipearance  of  the  milky  way  and  the  examination  of  the  class  B  stars 
indicate  that  the  sun  \b  rather  nearer  tlie  center  than  the  edge  of  the  system. 

The  evidences  of  the  rotational  motion' indicate  also  that  the  axis  of  the 
system  is  on  the  side  toward  12^  of  right  ascension,  probably  in  the  great 
Sagittarius-Ophiuchus  region  of  the  milky  way. 

As  has  been  found  necessary  in  the  explanations  of  the  two-stream  and 
ellipsoidal  hypotheses,  it  seems  also  necessary  in  the  present  instance  to  assume 
that  the  individual  stars  are  moving  in  nearly  all  directions  with  a  considerable 
range  of  velocities,  but  with  tendencies  to  two  particular  directions.  This 
seems  not  to  be  incompatible  with  spiral  motion  so  far  at  least  as  the  galactic 
plane  is  concerned,  but  rather  what  we  should  expect. 

If  we  examine  a  photograph  of  the  great  Canes  Venatici  spiral  we  find  the 
bright  \sm&p  portions  of  the  two  whorls  forming  an  oblong  figure  not  unlike  the 
ellipsoid  assumed  by  Schwarzschild.  Bven  more  closely  the  axes  of  the  figure 
fbrmed  by  the  brii^t  inner  portion  of  one  arm  of  the  spiral  appear  to  approach 
the  ratios  found  for  streams  I  and  II  and  of  the  axes  of  the  ellipsoid  of  our 
i^stem. 

An  examination  shows  that  the  ellipsoidal  apex  lies  on  a  great  circle  connect- 
ing the  vertices  of  streams  I  and  II  and  nearer  to  stream  I.  It  seems  to  me  not 
improbable  thai  \ht  olHpaoidal  hypothesis  will  ultimately  be  found  to  be  In 
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effect  a  Gompounding  of  the  motioiis  of  streams  I  and  n,  or  that  the  elUpsoidal 
axis  has  a  real  connection  with  the  principal  axis  of  both  arms  of  a  q>iraL 

As  a  first  approximation  we  might  assume  that  in  our  system  stream  I 
represents  the  motions  along  the  longer  axis  of  the  arms  and  stream  II  the 
motions  nearer  the  central  region  which  would  probably  be  nearly  at  right 
angles  to  the  direction  of  stream  I. 

A  general  consideration  of  the  conditions,  particularly  the  relations  both  in 
spectral  type  and  distance  of  the  nearer  classes  to  the  more  distant  ones 
from  the  sun,  would  seem  to  Indicate  that  in  the  classes  A,  F,  and  Q  we  may 
be  dealing  chiefly  with  stars  belonging  to  only  one  arm  of  the  splraL 

Elaborating  this  hypothesis  further,  after  leaving  the  central  region  this 
arm  moves  outward  and  at  the  general  position  of  the  sun  and  classes  A,  F, 
and  G  the  motion  is  largely  toward  the  region  7^, +64*.  Toward  the  end  of  the 
series,  types  K  and  M,  the  motion  of  the  stream  turns  and  agrees  more  nearly 
with  the  general  direction  of  the  sun*s  motion. 

The  suspicion  exists  that  distance  may  be  the  chief  factor  and  that  the  above 
conclusions  regarding  the  spectral  classes  may  be  largely  incidental.  This  point 
has  not  been  tested. 

Beyond  the  merest  outlines  of  a  spiral  form  it  hardly  seems  advisable  to  ven- 
ture at  the  present  time,  as  we  have  too  few  facts  sufficiently  assured.  Bven 
the  form  suggested  is  tentative. 

If  some  such  arrangement  as  this  is  the  true  one,  stars  of  different  classes 
and  different  distances  would  probably  have  motions  toward  points  differing 
from  the  above,  perhaps  progressively. 

It  would  seem  also  that  the  stars  which  show  the  greatest  motion  along 
stream  II  should  show  little  or  no  motion  of  '^rotation,'*  while  the  reverse 
should  be  true  for  the  stars  with  little  or  no  prefer^tlal  motion  along 
stream  II. 

There  are  many  important  points  yet  to  be  Investigated,  for  example  the 
cause  of  the  differences  In  the  directions  of  the  apices  from  the  different  regions 
in  the  class  B  stars  from  radial  velocities  and  propw  motions;  similar  In- 
vestigations of  the  other  spectral  classes  and  the  bearing  of  the  later  types  on 
nearly  all  of  these  questions.  Many  of  these  points  are  to  be  Investigated  with 
respect  to  the  distances  or  proper  motions. 

There  are  also  other  possibly  significant  indications,  as,  for  example,  the 
strong  preference  of  the  class  B  stars  for  the  southern  sky ;  the  apparent  pref- 
erence of  the  later  type  stars  for  the  hemisphere  of  the  antapex  of  solar  motion  ^ 
as  against  the  general  equality  for  the  middle  types,  etc 

At  this  point  several  questions  arise  which  are  of  great  Interest,  but  for 
definite  answers  to  which  there  appears  to  be,  unfortunately,  not  much  Infor- 
mation. For  example,  this  criterion  would  Indicate  a  wide  gulf  between  the 
class  B  and  class  A  stars,  class  B  stars  being  at  great  distances,  nearly  at  the 
confines  of  the  system,  whereas  the  A  stars  would  appear  to  have  started  life 
(at  least  the  bright  ones  which  have  been  Investigated)  near  the  center  of  the 
system.  This  may  not  in  reality  be  so  violent  an  assumption  as  It  appears 
from  the  point  of  view  of  spectral  order  only,  because  the  proper  motions  of 
these  A  stars  Indicate  with  certainty  a  great  difference  in  average  distance, 
much  greater  average  nearness  than  the  class  B  stars,  and  a  well-developed 
motion  In  the  direction  of  7^+64*  (stream  II),  whereas  the  B  stars  show 
either  none  of  this  preferential  motion  or  a  very  small  motion  In  the  opposite 
direction.    Whether  such  differences  may  be  explained  by  a  more  rigorous  ap- 

*  It  Mems  more  proteble  that  thme  peculiarities  are  really  related  to  itresoi  I  or  the 
empeoidal  axis.  The  preeeat  dsMiflcatloB  of  the  data  only  refen  It,  however,  to  the 
axis  of  eoiar  motion. 


Digitized  by  VjOOQIC 


A3XB0N0MT,  METBOROLOQT,  AND  SBISMOLOQY.  99 

plication  of  spiral  or  stream  motion  is  not  clear  at  present  and  difficult  to  test 

Then,  too,  there  is  the  progressive  increase  of  inlierent  velocity  from  B  to 
the  later  types,  through  A,  wliich  seems  to  link  all  together  into  one  system. 
Whether  the  magnitude-velocity  equation  will  account  for  a  sufficient  part  to 
satisfy  the  above  difficulty  may  be  doubted. 

The  relatively  small  amount  of  data  makes  it  impossible  at  present  to 
properly  investigate  a  number  of  involved  questions,  including  the  tendency 
to  motion  in  botli  directions. 

Whether  the  distance  gap  can  be  bridged  by  such  an  explanation  as  the 
formation  of  diflPerent  groups  of  such  nearly  merging  spectral  types  in  widely 
separated  regions  as  appear  to  be  indicated  in  this  case,  remains  to  be  seen. 
There  seems  to  be  nothing  inherently  Impossible,  however,  In  the  Idea. 

In  f^ct,  may  it  not  be  possible  that,  instead  of  our  system  being  a  single 
evolutionary  process  so  far  as  the  spectral  ages  of  the  stars  are  concerned, 
our  actual  system  has  in  reality  several  groups  formed  In  widely  different 
regions  and  perhaps  at  different  epoctis?  Such  an  explanation  might  assist  in 
resolving  other  difficulties  also. 

The  conclusions  of  this  investigation  may  be  summed  up  as  follows: 

I.  Tiiat  peculiarities  in  lK>th  the  proper  motions  and  radial  velocities  lead  to 
the  tentative  conclusion  that  the  system  of  the  stars  has  a  motion  in  the  plane 
of  the  Milky  Way  in  a  retrograde  direction. 

IL  That  if  the  constant-error  term  which  has  been  found  in  the  solution  for 
the  sun's  motion  from  radial  velocities,  concerning  the  nature  of  which  there  is 
a  doubt,  is  in  reality  motion  of  some  kind,  it  seems  probable  that  the  more 
distant  classes  of  stars  have  a  general  motion  away  from  the  sun. 

III.  That  strong  indications  have  been  found  in  the  northern  and  southern 
stars  separately  of  some  classes  of  tendencies  to  give  positions  of  the  solar  apex 
differing  systematically  from  the  strongest  values  derived  both  from  proper 
motions  and  radial  velocities. 

IV.  It  is  believed  that  these  conditions,  if  confirmed,  taken  in  conjunction 
with  the  preferential  motion  of  many  of  the  stars  toward  7\  +64*"  and  the  sun*s 
own  motion  are  best  explained  by  some  form  of  spiral  motion.  A  not  unnatural 
conception  of  the  two-stream  and  ellipsoidal  hypotheses  seems  to  harmonize 
with  spiral  motion  also. 

It  is  hardly  necessary  to  say  that  this  paper  is  not  an  attempt  to  formulate 
a  complete  theory,  but  merely  aims  to  point  out  some  conditions  and  the 
merest  outlines,  which  it  is  hoped  may  serve  as  a  basis  for  further  Investiga- 
tion in  this  most  important  field.  The  suggestion  of  spiral  motion  is  not  by 
any  means  new,  but  I  am  not  aware  that  the  above  evidence  has  been  presented 
before. 

The  Chairman.  Thanking  our  colleague  Seares  for  reading  this 
paper  to  you  and  presenting  it  for  the  author,  who  is  not  here,  I  will 
now  state  that  the  subject  is  open  for  discussion. 

Mr.  EicHELBERGER.  Did  I  understand  correctly  that  the  difference 
between  2  o'clock  corrections,  12  hours  apart,  is  0.08  of  a  second  ? 

Mr.  Seares.  That  is  my  impression,  although  I  should  like  to 
verify  the  point  before  stating  positively. 

Mr.  EiciiELBERGER.  And  the  statement  was  made  that  that  was 
entirely  too  large  to  be  accounted  for  by  the  periodic  errors  of  the 
catalogue. 

Mr.  Seares.  Yes. 
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Mr.  EiCHELBESGEiL  Of  course,  as  those  two  groups  were  12  hours 
ppart,  I  think  it  is  fair  to  assume  that  one  group  was  taken  in  the 
daylight  and  the  other  in  the  night,  and  there  is  quite  a  decided  cor- 
rection which  must  be  allowed  for  there;  and  while  I  would  be 
willing  to  admit  that  0.08  was  pretty  nearly  beyond  the  limit,  it  is 
altogether  possible  that  you  may  explain  it  by  the  periodic  errors  in 
Newcomb's  catalogue  and  the  difference  between  day  and  night.  I 
have  just  finished  a  long  series  of  observations  on  Newcomb's  cata- 
logue, and  we  have  collected  together  the  corrections  for  the  clock 
stars  in  three-hour  groups;  and  while  I  have  not  the  figures  accu- 
rately in  mind,  I  think  the  differences  between  groups  12  hours  apart 
will  amount  to  three  or  four  hundredths  of  a  second  of  time.  I  am 
just  now  working  on  the  difference  between  our  night  and  daylight 
work,  and  we  get  several  hundredths  of  a  second  there.  So  it  is  alto- 
gether possible  that  those  two  things  might  add  up  and  give  the 
eight  hundredths.  Of  course,  if  they  had  done  the  work  six  months 
later,  similarly,  so  that  the  corrections  would  have  acted  against 
each  other,  the  periodic  correction  having  changed  time,  then  they 
might  have  gotten  the  zero.  We  found  that  out.  We  took  two 
groups  of  stars  12  hours  apart  and  followed  them  continuously  for 
about  a  year  and  three-quarters,  I  think,  so  that  we  got  that  change; 
for  some  portions  of  the  year  the  clock  corrections  would  come  out 
exactly  the  same  for  the  day  and  night  stars.  Six  months  from  then 
there  would  be  five  or  six  hundredths  of  a  second  difference,  half  of 
it  being  due  to  the  catalogue  and  the  other  half  to  the  difference 
between  day  and  night  work. 

Mr.  Seares.  Mr.  Chairman,  I  believe  there  was  a  reference  to  a 
second  series  of  observations  which  confirmed  the  results.  For  the 
moment  I  am  not  certain  as  to  the  period  of  time  separating  the  two. 

Mr.  Bowie.  Mr.  Chairman,  I  do  not  know  very  much  about  this 
astronomical  work  at  observatories,  and  the  effect  of  day  and  night, 
or  the  effect  of  topography  on  such  observations;  but  in  our  geodetic 
work  we  find  that  where  a  line  passes  close  to  some  kinds  of  topog- 
raphy it  has  a  very  decided  effect  on  our  observations.  I  have  noticed 
that  particularly  whenever  we  are  in  a  rolling  country  and  one  of 
oiur  lines  comes  close  to  a  slope.  We  had  a  very  remarkable  case  in 
Texas,  where  the  line  was  affected  by  as  much  as  six  seconds  of  arc, 
but  the  correction  as  gotten  out  by  the  direction  of  the  arc  was  some- 
thing like  three  or  four-tenths  of  a  second.  The  observations  over 
that  line  from  this  particular  station  were  repeated  on  several  after- 
noons and  nights,  and  it  was  noticed  that  at  the  time  these  were  being 
made  the  wind  was  blowing  rather  briskly  from  this  flat-topped  peak 
across  the  line,  the  line  being  within  20  or  30  feet  of  that  dope.  We 
waited  at  that  station  until  the  wind  veered  and  came  from  the  oppo- 
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Site  direction,  from  the  vmlley  toward  the  dope,  and  than  our  observa- 
tions closed  the  triangle  in  a  very  satisfactory  manner,  within  two 
seconds  or  something  of  that  sort  And  we  have  noticed  in  a  number 
of  other  cases  that  wherever  a  line  jnst  grazes  a  hill,  for  instance, 
where  the  axis  of  the  ridge  is  nearly  horizontal,  we  have  no  trouble, 
but  if  that  ridge  is  tilted,  even  at  a  rather  small  angle,  we  are  going 
to  have  trouble.  Evidently  the  layers  of  air  in  the  order  of  density 
are  c<Hice&tric  with  the  surface  of  the  earth  rather  than  concentric 
with  the  sea-level  sorface,  and  under  those  conditions  we  naturally 
get  some  horizontal  refraction  of  course. 

Now,  I  can  imagine  that  at  these  astnmcmiic  stations,  where  the  to- 
pography is  such  that  you  get  prevailing  winds  at  different  times  of 
the  84  hours,  you  may  get  some  errors  as  the  result  of  that.  Say  that 
you  are  near  a  mountain  range — ^you  will  have  the  wind  coming  from 
tiie  mountains  toward  the  valley  at  night,  and  it  may  be  the  reverse 
in  the  day.  So  it  is  possible  that  that  will  give  you  layers  of  air  that 
tend  to  be  tilted  a  Uttle,  and  you  may  in  consequence  get  some  day 
and  night  systematic  errors.  I  have  no  doubt  that  subject  has  been 
considered  very  thoroughly,  but  I  am  not  familiar  with  the  literature 
of  the  subject. 

Mr.  MiCHEUSON.  Mr.  Chairman,  it  seems  to  me  that  the  method  of 
measuring  by  means  of  a  liquid  level,  if  it  is  applicable — ^I  am  not 
quite  sure  that  it  is — ought  to  get  results  that  are  far  more  accurate 
than  the  astrcmomical  measurements.  I  should  like  to  bring  up  one 
further  x>oint,  and  that  is,  is  there  not  some  possibility  that  the  earth 
tides  might  interfere  in  some  degree  with  the  accuracy  of  the  meas- 
urement t  Of  course,  in  a  long-continued  series  of  measurements, 
I  can  understand  that  that  might  cancel  out,  but  it  seems  to  me  still 
that  it  is  possible  that  the  observaticms  could  be  taken  in  such  a  way 
as  to  make  those  errors  noticeable. 

The  Chairman.  My  impression  is  that  Prof.  Michelson  is  quite 
right  in  the  hypothesis  that  the  tidal  effects  may  be  appreciable, 
but  there  are  other  facts  to  be  taken  into  consideration.  In  fact, 
nature  has  set  up  numerous  obstacles  to  precision  in  any  kind  of 
work.  There  is  the  perennial  and  irrepressible  temperature  that  is 
difficult  in  all  work,  and  the  locality  of  every  observatory,  as  well  as 
the  instruments  of  every  observatory,  must  have  their  peculiarities. 
Now,  all  of  these  sources  may  occasionally  give  rise  to  errors  in  the 
results.  Mr.  Bowie  has  stated  some  causes  with  which  I  have  long 
been  familiar.  They  will  quite  frequently  happen  in  primary  tri- 
angulations,  whare,  of  course,  the  opportunities  for  horizontal  refrac- 
tion are  much  greater  than  they  are  in  most  astronomical  work,  and 
in  some  cases  we  will  get  in  the  measurement  of  a  single  angle  an 
error  as  great  as  3  or  4  seconds,  and  perhaf>s  even  more,  due  to  condi- 
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tions  prevailing  at  the  time  of  the  making  of  the  measurement.  Such 
cases  occur  not  infrequently  when  a  line,  like  a  base  line,  runs  along- 
pide  of  water  in  which  there  may  be  ice,  so  that  there  may  be  the 
temperature  of  that  melting  ice  on  one  side  of  the  line  and  the  tem- 
perature of  the  land  on  the  other  side,  and  you  may  get  a  very  large 
horizontal  refraction  in  such  a  case.  Such  horizontal  is,  I  think,  by 
no  means  so  formidable  an  obstacle  to  preci^on  in  astronomical  work, 
or  at  all  events  most  astronomical  work,  because  there  is  very  little 
of  it  done  near  the  horizon ;  but  undoubtedly  there  are  errors  of  re- 
fract ion  induced  in  such  exquisitely  delicate  work  as  that  of  the  de- 
teiTiiinations  of  latitude  in  a  telescope.  Every  station  must  have  its 
peculiarities,  which  will  induce  errors  that  are  not  compatible  with 
the  degree  of  precision  at  present  desirable. 

Mr.  Seares.  a  year  or  so  ago  Dr.  Schlesinger  pointed  out  a  very 
interesting  periodic  variation  of  refraction.  He  has  called  attention 
to  the  fact,  and  demonstrated  by  observations  made  at  different  sta- 
tions, that  there  is  a  periodic  fluctuation  in  the  positions  of  stars. 
The  period  is  small,  of  the  order  of  one  or  two  minutes,  and  the  os- 
cillations  as  I  recall  are  of  the  order  of  a  second  of  arc,  which,  of 
coiirso,  art*  quantities  quite  appreciable  in  the  modem  work  of  pre- 
cision. 

Mr.  KicuELBERGER.  Referring  to  Prof.  Michelson's  (luestion,  I 
might  say  that  the  thing  referred  to  in  this  paper  seems  to  have  been 
mostly  a  question  of  azimuth.  In  determining  the  levels  of  the  in- 
strument^ we  use  either  the  level  or  the  mercury  horizon. 

The  CrrAiRMAN.  If  there  are  no  further  remarks,  I  will  call  for 
tho  pnsoiitation  of  two  other  papers  from  members  of  the  staff 
of  the  (^>rdol)a  Observatory.  One  paper  is  by  M.  L.  Zimmer,  and 
the  title  of  it  is  "Investigation  of  the  pivots  of  the  190  m.  m.  me- 
ridian circle  of  the  Argentine  National  Observatory,  at  Cordoba." 
The  other  paper,  "  Stability  of  the  new  Eepsold  meridian  circle  of 
the  Cordoba  Observatory,"  is  bv  A.  Estelle  Glancv. 


INVESTIGATION  OF  THE  PIVOTS  OF  THE  190  MM.  MERIDIAN 
CIRCLE  OF  THE  ARGENTINE  NATIONAL  OBSERVATORY,  AT 
CORDOBA. 

By  M.  L.  ZIMMEU, 
Suhdirector  del  OhHervatorio  Nacional  Argentino,  Cdrdoba,  Argentina. 

Before  starting  the  series  of  observations  of  a  fundamental  character  of 
Boss's  1,059  stars  south  of  +30**,  contemplated  at  this  observatory,  it  seemed 
advisable  that  the  irregularities  of  the  pivots  of  the  Circle  should  be  determined. 

Knowing  the  uniform  excellence  that  has  heretofore  characterized  the  Rep- 
sold  meridian  circle  Instruments,   it  was  »)elieved  that  the  errors  would  be 
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negligible ;  but  in  order  that  nothing  be  left  that  conid  in  any  way  detract  from 
the  accnracy  of  the  observations,  the  Investigation  was  undertaken.  The  instni> 
ment  is  equipped  with  the  necessary  apparatus.  As  the  method  used  in  this 
investigation  is  somewhat  different  to  any  heretofore  employed  (to  my  knowl- 
edge) it  may  be  of  general  interest 

As  is  customary  with  Repsold  Circles,  the  Y's  are  supported  by  large  iron 
drums  that  rest  on  rigid  piers.  These  drums  also  carry  the  four  reading  mi- 
croscopes. In  the  center  of  each  drum  there  is  a  hole  coinciding  with  the  open- 
ing throu^  the  axis.  In  one  drum  a  small  electric  lamp  is  placed  behind  a 
small  tube  carrying  cross  wires,  which  can  be  seen  through  the  axis.  In  tills 
end  of  the  axis  a  special  lens  25  mm.  in  diameter  with  a  free  aperture  of  18 
muL  Is  placed.  This  is  provided  with  adjusting  screws.  In  the  oi^Kmile 
drum  a  micromettf  taken  from  one  of  the  reading  microscopes  is  placed  on  a 
tube  proTided  for  that  purpose.  We  now  have  a  collimatlng  telescope  formed 
by  the  axis  of  the  Cirde  carrying  the  lens  and  the  micrometer  attached  to  the 
rigid  drum,  through  which  can  be  se^i  the  cross  wires  when  illuminated  by 
the  small  electric  lamp  placed  back  of  them,  as  stated  above.  By  means  of 
the  adjusting  screws  on  the  lens,  in  the  end  of  the  axis,  it  can  be  so  nicely  ad- 
Justed  that  the  cross  wires  ae&a  to  remain  at  rest  while  the  Circle  is  rotating. 
And  such  would  be  the  case  if  it  were  perfectly  adjusted  and  the  pivots  wen* 
perfectly  cylindricaL 

When  the  apparatus  was  focased.  adjusted,  and  the  cross  wires  illuminate<U 
the  circle  was  pointed  to  the  zenith  0',  the  micrometer  threads  were  made  to 
bisect  the  vertical  wire  in  the  opposite  drum,  and  the  reading  note<l,  precisel.v 
as  a  circle  nUcroscc^^  Is  read.  The  circle  was  then  turned  15'  toward  the 
south  and  a  similar  reading  made.  Similar  readings  w«-e  made  at  each  15** 
throughout  the  drcla 

The  readings  were  then  repeated  ia  reverse  order.  The  micrometer  wr.s 
turned  90**  and  a  similar  set  of  readings  ma<le  on  the  horizontal  wire  which, 
together  with  those  made  on  the  vertical  wire,  formed  series  I.  Eighteen  such 
series  were  made,  equally  divided  between  Messrs.  Gu^in,  Hawkins,  and  myself. 
The  Circle  was  then  reversed,  the  lens  placed  in  the  end  of  the  opposite  pivot, 
and  a  similar  program  carried  out.  After  eadi  three  complete  series  the  col  11- 
mation  of  the  l^is  was  slightly  changed  and  the  cross  wires  slightly  shlfttMl 
80  as  to  bring  the  readings  on  a  different  part  of  the  micrometer  screw  in  order 
to  eliminate  any  systematic  errors  which  might  otherwise  be  introduced  on 
account  of  irregularities  in  it 

An  experiment  was  made  to  see  to  what  extent  the  irregularities  of  the 
opposite  pivot  Altered  into  the  determination  of  the  errors  of  the  one  we  were 
inve^igating.  When  the  end  of  the  axis  carrying  the  lens  (that  being  the 
pivot  whose  irregularities  were  being  Investigated)  wns  raised  so  as  to  chan'^e 
tlie  level  of  tlie  instrument  about  6",  the  horizontal  wire  changed  through  a 
space  equal  to  about  45  divisions  of  the  micrometer;  but  when  the  opposite 
end  was  raised  by  the  same  amount  the  horizontal  wire  scarcely  changed  nt 
all,  thus  showing  that  there  could  be  no  irregularities  in  that  pivot  large 
enough  to  afliect  tlie  determination  of  the  irregularities  of  the  one  being  inves- 
tigated unless  they  were  greater  than  C" — an  impossible  hypothesis.  This  also 
gave  a  direct  determination  of  the  value  of  one  division  of  the  micrometer 
screw. 

S^-ies  I  will  illustrate  the  process. 

The  mean  of  the  horizontal  readings  was  taken  and  subtracted  from  the 
readings  made  at  each  15*,  and  the  vertical  readings  made  at  each  15*  sub- 
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tracted  from  their  respective  mean.  Each  horizontal  measure  would  be  rigor- 
ously represented  by  a  sin  f+b  cosln  f,  and  each  vertical  measure  by  a  cosiu 
f— b  sin  i  if  the  pivots  were  truly  cylindrical  and  the  readings  made  without 
error,  where  j;  represents  south  zenith  distance.  The  horizontal  and  vertical 
measures  each  give  a  determination  of  a  and  b,  which  ought  to  agree  within 
the  unavoidable  errors  of  measurement  Solving  for  a  and  b  by  the  method  of 
least  squares 

a= — 12.36  from  horizontal  measure. 

a=— 12.52  from  vertical  measure. 

b= +14.27  from  horizontal  masure. 

b= +14.27  from  vertical  measure. 

Taking  the  mean  of  these  values  and  substituting  tliem  in  the  original  equa- 
tions we  get  a  set  of  values  representing  the  irregularities  of  tlie  pivot,  those 
from  the  horizontal  measures  being  the  azimuth  component  and  those  from 
tlie  vertical  measures  being  the  level  component.  These  are  expressed  in  seconds 
of  arc  by  multiplying  by  the  value  of  the  screw;  one  division  of  the  screw 
0".139. 

In  this  series  the  circle  was  clamp  west  and  the  east  or  B  pivot  was  in- 
vestigated. 

Series  I — Clamp  west,  pivot  B,    HtHckina  (observer). 


Asimoth  component. 

Lcral  componeot. 

r 

R 

H.1L 

A 

B 

R 

V.  M. 

X- 

Y 

0 

48.65 
44.87 
40.12 
35.32 
31.10 
26.52 
23.00 
19.60 
17.37 
16.35 
16. 12 
18.35 

anon 

23.27 
27.15 
33.00 
38.52 
42.65 
47.40 
51.32 
53.75 
54.22 
53.55 
6L42 

+13.91 
+  10.13 
+  5.38 
+  0.5« 
-8.64 

-  8.22 
-11.74 
-15.14 
-17.37 
-18.39 
-18.42 
-16..W 
-14.74 
-11.47 

-  7.59 

-  1.74 
+  3.78 
+  7.91 
+12.66 
+  16.58 
+19.01 
+19.48 
+  18.81 
+16.68 

+14.27 

+ia6i 

+  6.19 
+  1.30 
-3.68 

-  8.36 
-12.44 
-15.78 
-17.96 
-18.96 
-18.63 
-17.07 
-14.27 
-10.61 

-  6.19 

-  1.30 
+  3.68 
+  8.36 
+12.44 
+15.78 
+  17.96 
+18.96 
+18.63 
+17.07 

-a  36 

-  .48 

-  .81 

-  .72 
+  .04 
+  .14 
+  .70 
+  .64 
+  .69 
+  .57 
+  .21 
+  .68 

-  .47 

-  .86 
-L40 

-  .44 
+  .10 

-  .45 
+  .22 
+  .80 
+1.05 
+  .52 
+  .18 
-.89 

-a  05 

-  .06 

-  .11 

-  .10 
+  .01 
+  .02 
+  .09 
+  .09 
+  .08 
+  .08 
+  .03 
+  .09 

-  .06 

-  .12 

-  .19 

-  .06 
+  .01 

-  .06 
+  .03 
+  .11 
+  .14 
+  .07 
+  .02 
-.05 

59.80 

4.40 

7.25 

7.72 

6.67 

6.30 

8.45 

69.50 

55.60 

50.15 

4V32 

89.65 

86.20 

82.87 

8a37 
29.10 
29.80 
81.20 
85.00 
88.10 
43.87 
47.67 
52.75 
66.62 

-11.14 
-15.74 
-18.59 
-19.06 
-18.01 
-16.64 
-14.79 
-10.84 
-6.94 

-  L49 
+  8.34 
+  9.01 
+12.46 
+16.29 
+18.29 
+  19.56 
+18.86 
+  17.46 
+13.66 
+ia56 
+  4.79 
+  a99 

-  4.09 

-  7.96 

-1X44 
-15.78 
-17.96 
-18.96 
-18.63 
-17.07 
-14.27 

-ia6i 

-6.19 

-  1.80 
+  3.68 
+  8.36 
+12.44 
+15.78 
+17.96 
+18.96 
+18.63 
+17.07 
+14.27 

+ia6i 

+  6.19 
+  1.30 
-8.68 

-  8.86 

+1.80 
+  .04 

-  .68 

-  .10 
+  .62 
+  .43 

-  .62 
-.28 

-  .75 
-.19 

-  .84 
+  .65 
+  .02 
+  .51 
+  .88 
+  .60 
+  .23 
+  .89 
-.61 

-  .06 
-1.40 

-  .81 

-  .41 
+  .40 

+0.18 

15 

+  .01 

80 

—  .00 

45 

—  .01 

eo 

+  .06 

75 

+  .06 

90 

—  .07 

105 

—  .08 

120 

135 

-.10 
—  .08 

1/iO 

—    01 

1«5 

+  .00 
+  .00 
+  .07 
+  .04 
+  .06 

liiO 

195 

210 

225 

240 

+  .08 

1:S 

255 

270 

295 

—  .01 

300 

—  .10 

315 

—  .01 

330 

—  .06 

845 

+  .06 

84.74 

48.66 

A=— 12.44  Rin  f+14.27  cob.  r. 

B=^hoHximtal  irregularities  of  plTOt  B  ezprMnd  in  leocmdi  of  aic. 

X=— 12.44  cos.  f— 14.27  sin  f. 

Y~VerUciil  irregularities  of  iilTOt  B  in  leconds  of  aic. 
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The  36  series  were  reduced  in  like  manner,  and  tbe  results  are  here  given. 
Pins  indicates  that  the  east  or  B  pivot  points  south  of  east,  and  in  the  other 
component  plus  indicates  that  east  or  B  pivot  is  too  high. 


Aifmnth  oompooent  of  B  pivot,  damp  wwt. 

Zimmer. 

GuMq. 

Hawkins. 

Mean. 

Zfamner. 

GuMn. 

HawUns. 

Mean. 

1 ^ 

IS 

-12 
-08 
-14 
-08 
+03 
-00 
+12 
+08 
+11 
+05 
-00 
+02 
-C4 
-06 
-06 
-04 
+02 
+02 
+01 
+07 
+13 
+03 
-08 
-01 

-06 
-08 
-07 
-04 
+02 
+01 
+11 
+06 
+04 
+06 
+01 
-OS 
-06 
-04 
-05 
-03 
-02 
+04 
+02 
+04 
+09 
+05 

-08 
-06 
-07 
-05 
+03 
-02 

ts? 

+05 
+01 
-01 
-04 
-09 
-05 
-07 
+03 
+04 
+04 
+07 
+08 
+  10 
4.A4 

-09 
-06 
-09 
-06 

iiS 

+10 
+05 
+07 
+04 
-00 
-02 
-06 
-05 
-06 
-01 
+01 
+03 
+04 
+06 
+11 
+04 
-04 
-OS 

+09 
+05 
-06 
-02 
-01 
-07 
-06 
+02 
-03 
-00 
+02 
+02 
-00 
+04 
-00 
+02 
+04 
+01 
-04 
-04 
-07 
-00 
+06 
+06 

+11 
+07 
-00 
+01 
+01 
-03 
-05 
-00 
-07 
-04 
-C4 
-01 
-CO 
+09 
+06 
+02 
+01 
-00 
-02 
-OS 
-10 
-06 
+02 
+08 

+09 
+06 
-01 
-00 
+04 
+06 
-06 
-02 
-07 
-04 
-07 
+01 
-01 
+02 
+02 
-01 
+04 
+04 
-04 
+01 
-11 
-01 
+01 
+06 

+10 
+06 

80 

-S 

45 

—00 

m 

+01 

75 

-% 

SO 

—06 

105 

—00 

130 

-06 

m 

—08 

UD 

—03 

165 

+01 

180 

-00 

196 

+06 

210 

+02 

225 

+01 

240 

+08 

256 

+02 

270 

-S 

285 

—02 

800 

—09 

815 

—02 

830 

-04           -04 
-04           -04 

+03 

S46 

+06 

Aximoth  oompooent  of  A  pivot,  damp  west. 

Level  component  of  A  pivot,  damp  west. 

Zimmer. 

GoMn. 

Hawkins. 

Mean. 

Zimmer. 

Gii4rin. 

Hawkins. 

Mean. 

0 

-00 
-08 

-10 
-07 
-04 
+02 
+07 
+  11 
+  12 
+10 
+01 
-04 
-08 
-08 
-06 
-08 
-OS 
-01 
+02 
+06 
+06 
+02 
+03 
-00 

-04 
-08 
-08 
-06 
+01 
+06 
+09 
+14 
+  12 
+03 
-05 
-07 
-09 
-06 
-04 
-02 
+01 
+01 
+03 
+05 
+03 
+01 
+02 
-08 

-01 
-10 
-09 
-08 
-00 

:s 

+  13 
+14 
+09 
-01 
-03 
-12 
-05 
-06 
-02 
+01 
+02 
+01 
+02 
+08 
+01 
+01 
-02 

-02 
-09 
-09 
-07 
-01 
+03 
+08 
+13 

+12 

+J2 
-02 

-05 

-10 

-06 

-06 

-02 

-00 

+01 

+02 

+04 

+04 

+01 

+02 

-01 

-06 
+03 
+02 
+06 
+07 
+04 
+06 
-08 
-06 
-06 
-06 
-05 
-02 
+02 
+02 
+01 
-02 
-01 
+02 
+08 
+06 
-01 

lis 

+07 
+03 
+03 

ts 

IS 

-04 
-06 
-06 
-01 
-02 
+02 
+02 

—00 
-01 
-02 
-00 
-00 
-04 
-02 
-02 
-00 

-00 
+06 
+01 
+00 
+08 
+04 
-00 
-04 
-08 
-05 
-00 
-08 
+02 
-01 
-OS 
-02 
-OS 
-00 
+02 
+08 
+01 
-00 
-02 
-01 

+01 

16 

+04 

80 

+s 

46 

+08 

60 

+06 

75 

+S 

80 

+02 

106 

-M 

no 

-06 

135 

-06 

un 

—02 

Ifi6 

-05 

180 

+01 

186 

+01 

210 

+01 

226 

^ 

240 

—02 

256 

-01 

270 

+01 

283 

+02 

800 

+01 

816 

-01 

818 

-08 

816 

-01 

Plus  indicates  that  A  or  west  pivot  points  south  of  west,  and  in  the  level 
component  plus  indicates  that  A  or  west  pivot  is  too  high. 

The  p.  e.  of  any  mean  is  ±0".007  and  of  a  single  determination  only  0".035. 

The  results  of  the  two  pivots  have  been  combined  in  the  form  of  a  table  of 
corrections  to  be  applied  to  transits  for  clamp  west. 
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For  convenience  they  have  been  expressed  In  seconds  of  time  at  the  Equator. 


Azimuth  compo- 

Level component, 

Admuth  compo- 

Level oomponeDt, 

nent,  clamp  west. 

clamp  west. 

1 

nent,  clamp  west. 

clamp  west. 

0 

-005  sin  f  seel. 

+000  oosin  f  seel. 

180 

+003  sin  r  sec  «. 

-001  cosin  f  SCO  1. 

15 

+002 

+001 

196 

+001 

+003 

30 

+000 

-003 

210 

-001 

+001 

46 

-000 

-002 

225 

+001 

+001 

60 

+003 

-003 

240 

+001 

+003 

76 

-002 

-003 

256 

+002 

+002 

90 

+0C0 

-005 

270 

+001 

-003 

105 

-006 

+002 

286 

+002 

-003 

120 

-006 

-001 

300 

+006 

-007 

136 

-003 

+001 

316 

+002 

-001 

160 

+001 

-001 

330 

-003 

+004 

166 

+002 

+004 

346 

-001 

+004 

In  the  azimuth  component  plus  indicates  that  east  pivot  points  south  of  east 
And  in  the  level  component  plus  Indicates  that  same  pivot  is  too  high. 
As  small  as  the  values  are  they  seem  to  be  real,  Judging  from  the  remarkably 
close  agreement  of  the  determinations  made  by  three  different  observers  under 
widely  varied  conditions.  The  fact  that  each  series  gave  practically  the  same 
results  tends  to  show  the  efficiency  of  the  method  and  the  stability  of  the 
apparatus  and  Instrument  under  varying  changes  of  temperature,  etc.  The 
simplicity  of  the  apparatus  and  the  results  obtainable  would  seem  to  recom- 
mend the  method  above  all  others  for  Circles  that  have  a  perforated  axis. 


STABILITY  OF  THE  NEW  REPSOLD  MERIDIAN  CIRCLE  OF  THE 
C6RD0BA  OBSERVATORY. 

By  A  ESTBLLE  GLANCY, 
ObMervatorio  Nacional  Argentino,  Cdrdoba,  Argentina. 

The  geographical  situation  of  tlie  C6rdoba  Observatory  gave  rise,  sometime 
ago,  to  the  question  of  the  stability  of  the  meridian  circle  and  Its  mire  mark 
Mthin  the  limits  demanded  for  fundamental  observations.  It  so  happens  that  the 
Instrument  and  mire  mark  stand  within  a  few  hundred  feet  of  the  abrupt  bank 
of  the  old  bed  of  the  River  E^lmero.  It  has  been  stated  that  seismologlcal 
observations  In  previous  years  gave  evidence  of  a  small  east  and  west  motion 
of  the  ground.  If  this  were  true  to  a  sufficient  amount,  the  instrument  and  mire 
would  have  a  common  motion  in  an  east  and  west  direction  and  the  reading 
of  the  mire  would  give  no  indication  of  the  change  In  Instrumental  azimuth. 

To  test  the  stability  of  the  mire  a  series  of  observations  was  made  during  the 
interval  April  28  to  July  19,  1015.  In  addition  to  the  point  in  question,  the 
opportunity  is  presented  by  the  data  to  touch  upon  all  those  factors  which  de- 
termine the  stability  of  the  Instrument  and  mire  and  regularity  of  tlie  clock. 
The  results  of  these  investigations  are  offered  in  the  hope  that  they  may  be  of 
general  Interest  to  those  occupied  In  meridian  circle  work. 

The  program  of  observation  consisted  of  a  semi-fundamental  series  taken 
every  four  or  Ave  days.  Each  series  comprised  three  groups,  12  hours  apart, 
giving  three  culminations — two  upper  and  one  lower,  or  vice  versa — of  an 
azimutli  star  as  near  the  pole  as  possible;  and  three  groui)S  of  three  funda- 
mental time  stars,  the  llrst  and  third  groups  bein;;  the  same  stars  taken  24 
hours  apart  Level  and  mire  readings  accompanietl  the  series.  Sometimes  the 
observations  were  more  extensive  than  tlie  progi'am;  sometimes  they  were  de- 
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ficient.    The  total  number  of  the  morning  and  evening  groups  Is  64.    The  data 
are  sufficient  to  provide  the  essentials  of  a  fundamental  reduction. 

Omitting  further  details  for  the  sake  of  brevity,  the  results  given  below  ex- 
hibit the  stability  of  the  Instrument  and  mire,  the  reliance  which  may  be  placed 
upon  the  clock,  and  indicate  the  degree  of  precision  of  which  the  Instrument  U 
capable. 

1.  Oollitnation, — ^The  colllmatlon  factor  remained  a  constant  during  the  Inter- 
val within  0'.004. 

2.  Level. — For  a  period  of  10  days  the  level  factor  Is  a  constant  with  an 
average  deviation  of  0*.013  from  the  mean. 

3.  Clock  rate, — ^The  standard  clock  is  one  of  two  Rieflers,  in  air-tight  cases, 
installed  in  a  constant  temperature  clock  room  constructed  in  the  foundation  of 
the  meridian  circle  building.  During  the  interval  April  29  to  May  5,  the  24-hour 
clock  rate  is  a  constant  within  a  range  of  0*.054.  On  May  7  the  mercury  con- 
tact of  the  thermostat  controlling  the  temperature  in  the  clock  room  was  out 
of  order  long  enough  tor  the  temperature  to  fall  3''.5  G.  The  change  in  tem- 
perature produced  small  irregularities  in  the  clock  rate.  Again  on  June  6 
the  thermostat  failed  to  operate,  and  the  temperature  was  lowered  6**.5  C. 
This  larger  fall  noticeably  disturbed  the  clock  rate  and  some  20  days  elapsed 
before  the  rate  was  again  uniform.  During  the  period  July  2  to  10  the  range 
in  rate  was  0*.065. 

It  may  be  concluded  that  under  constant  temperature  conditions  the  clock 
rate  may  be  relied  upon  for  a  considerable  interval ;  that  temperature  changes 
IHTOduce  disturbing  Irregularities  in  the  rate;  and  the  same  statement  may  be 
made  of  the  other  Rlefler,  from  evidence  furnished  by  12-hour  clock  compari- 
sons. 

4.  Clock  correction, — It  follows  from  the  preceding  paragraph  that  the  clock 
correction  can  be  accurately  predicted  from  the  clock  rate,  but  a  curious  and  as 
yet  unexplained  discrepancy  occurs  in  the  comparison  of  the  clock  correction 
deduced  from  evening  stars  and  that  deduced  from  morning  stars.  The  24-hour 
rate  Is  common  to  the  two  groups,  but  the  clock  correction  determined  from 
morning  stars  gives  a  larger  negative  value  than  the  mean  of  the  corrections 
from  two  groups  of  evenings  stars — one  12  hours  earlier,  the  other  12  hours 
later.  In  May  the  difference  is  0*.08;  in  June  it  is  not  so  pronounced;  and 
the  three  series  In  July  scarcely  show  it.  In  October,  1914  (a  little  more  than 
six  months),  the  same  discrepancy  appeared  in  my  observations,  and  at  that 
time  the  observations  by  other  observers  confirmed  it  It  may  progress  with 
the  time  or  the  progression  may  be  only  accidental. 

It  is  too  large  a  discrepancy  to  be  ascribed  to  errors  in  the  fundamental 
system  of  stars  (Newcomb)  depending  upon  the  right  ascension,  and  the  re- 
quired change  of  sign  In  observations  taken  six  months  apart  does  not  occur. 
Both  clocks  show  this  disagreement  The  most  probable  explanation  is  to  be 
sought  in  local  conditions. 

5.  Instrumental  azimuth, — ^The  azimuth  was  provisionally  determined  from 
upper  and  lower  culminations  of  the  same  star  corrected  for  clock  rate  and 
differential  azimuth  (given  by  the  change  in  mire  readings)  and  reduced  to 
the  beginning  of  the  year.  They  were,  therefore,  independent  of  the  star 
position — a  requirement  more  necessary  In  the  southern  hemisphere  than  in 
the  northern,  owing  to  the  uncertainty  In  the  position  of  the  southern  drcum- 
polars.  These  preliminary  values  served  to  determine  provisional  right  ascen- 
sions of  the  aslmuth  stars.  Using  these  star  positions*  a  second  approxima- 
tion to  the  azimuth  was  computed  from  each  observation  of  the  azimuth  stars, 
cumbine<l  with  tlie  mean  of  the  corresponding  time  stars.    The  azimuths  of  the 
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instrument  so  determined  were  plotted  on  coordinate  paper,  and  tlie  smooth 
<nirve  passing  tlirougli  tliem  was  accepted  as  the  most  probable  representation 
of  the  instrumental  azlroutli. 

The  mean  of  all  determinations  of  ihe  azimuth  was  adopted  as  the  equiva- 
lent of  the  mean  of  all  the  mire  readings  The  mire  readings  were  then  con* 
verted  into  azimuth  and  plotted  on  the  sf^me  scale  as  the  instrumental  azimuth 
determined  from  the  stars.  The  superposition  of  the  two  curves  shows  a  very 
satifactory  agreement.  The  probable  error  of  an  azimuth  determined  from  the 
mire  is  ±0'.018  with  respect  to  an  azimuth  determined  from  tlie  stars — i.  e., 
within  the  uncertainty  of  a  single  observation  the  mire  reading  may  be  taken  in 
substitution  for  an  azimuth  star.  Accepting  a  point  on  the  smooth  curve  as 
the  true  azimuth,  the  probable  error  of  a  single  determination  of  azimuth 
from  a  circumpolar  (R.  A.  known)  and  the  mean  of  thro^  time  stars  is 
±0'.021 ;  the  probable  error  of  an  azimuth  read  from  the  mire  is  ±0*.015. 

It  is  therefore  concluded  that  the  stability  of  the  mire  is  assured  within  the 
accuracy  of  observation,  and  that,  in  general,  a  mire  reading  will  give  a 
slightly  better  azimuth  than  a  single  deteimination  from  the  stars. 

Azimuth  of  Vie  mire, — In  strong  confirmation  of  the  above  conclusion, 
we  have  the  determination  of  the  azimuth  of  the  mire.  From  these  observa- 
tions there  comes  out  the  fact  that  the  mire  has  been  remarkably  "fixed." 
Each  mire  reading,  with  the  corresponding  azimuth  of  the  instrument  deter- 
mined from  the  stars,  furnishes  a  determination  of  the  mire's  true  azimuth. 
Accordingly,  for  each  mire  reading  during  this  period  an  azimuth  was  computed 
and  the  mean  was  taken.  From  tliis  mean  for  the  interval  the  mean  for  each 
month  was  subtracted,  and  the  differences  are  here  given : 


Month. 

Diffefw 
enoe. 

Nnmber 
oTobMr- 
vaiioDs. 

April... 

June".'.  I 
July... 

+0.005 
+  .001 
+  .006 
-  .Oil 

8 
21 
22 
13 

Sir  David  Gill  has  called  attention  to  the  remarkable  stability  of  the  mires 
at  the  Cape  Observatory,  and  his  tabulation  Is  here  copied  from  the  Observatory, 
February,  1913.  A  comparison  of  the  two  tables  sho%vs  slightly  smaller  differ- 
ences for  the  G6rdoba  observations,  but  it  is  probable  that  a  table  covering  an 
interval  of  a  complete  year  would  give  somewhat  larger  values. 


QroopL 

Difference  from  mean 
aximuth  of  the  year. 

North 
mark. 

South 
mark. 

Jan.  8  to  Jan.  n 

1008. 

+i'021 
+  .004 
+  .003 
+  .007 

-  .000 

-  .016 

-  .008 

-  .006 

-  .008 
+  .006 

+0.017 

Feb.  1  to  Feb.  26 1 IV,V, 

+  .004 

Feb.  20  to  May  1 

+  .007 

May  2  to  May  27 

+  .010 

June  6  to  June  80 

—  .0(18 

July  2  to  July  81 

—•,007 

Auk.  4  to  Aug.  22 

"  .002 

Sept.  7  to  Oct.  2 

—  .006 

Oct.  8  to  Nov.  27 

—  .006 

Not.  80  to  Jan.  12 

—  .008 

-1 
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In  the  article  cited  the  systematic  character  of  these  residuals  is  explained 
as  an  exhibition  of  the  variation  of  latitude.  When  the  latitude  variation  for 
the  current  year  is  available  our  results  will  be  tested. 

It  may  be  of  Interest  to  know  that  the  G6rdoba  mire  Is  of  the  usual  type — 
an  Illuminated,  small,  circular  aperture  in  a  metal  plate,  placed  on  a  pier  of 
solid  brick  masonry,  at  a  distance  of  about  130  meters  from  the  instrument 
The  illumination  is  provided  by  an  electric  light  controlled  at  the  telescope. 
The  Gape  Observatory  mires  are  elaborately  designed  underground  marks. 

The  final  positions  of  the  azimuth  stars  deduced  from  these  observations  are : 


R.  A.  (191&0). 

star. 

CdcdolMU 

Bon, 
P.  G.  C. 

Number 
of  obser- 
vations. 

Pr(A>abla 
error. 

X634 

K  m.     t. 

1    42    ia62 
9    09    14.61 
12    46    61.82 
14    13     8.96 

21  63    13.80 

22  16    44.72 

23  16    48.67 

t. 

10.27 
14.70 
63.36 
9.17 
12.74 
43.06 
48.38 

7 
16 
11 
8 
6 
4 
16 

t. 

±0.008  seel 

iOetsntit 

±  .004  see.  1 

XSStiS 

±  .007 seel 
±  .011  see.  1 

^Octantls 

X  6460 

±  .OOOsecl 

«  Ortantls X 

±  .005  sec.  1 

r  OcUntii 

db  .00;}secl 

For  comparison,  the  positions  from  the  Preliminary  General  Catalogue  by 
Boss  are  added. 

These  determinations  correspond  to  an  average  probable  error  of  ±0*.018 
sec  d  for  a  single  observation  of  an  azimuth  star. 

The  original  point  under  discussion  may  be  said  to  be  conclusively  settled. 
No  injurious  changes  either  of  mire  or  telescope  are  to  be  traced  to  the  char- 
acter of  the  location.  This  fact  Is  corroborated  by  the  less  exacting  observa- 
tions made  with  this  circle  during  several  years  and  the  long  series  with  the 
old  125  mm.  Instrument.  We  have  established  the  right  to  place  confldencc  In 
the  mire. 

Further,  considering  the  limitation  to  a  minimum  number  of  stars  and  the 
lnex];)erlence  of  the  observer  In  meridian  circle  observations,  the  precision  of  the 
results  is  considered  highly  satisfactory.  It  is  confidently  anticipated  that  the 
program  of  fundamental  observations  which  Is  now  in  progress  at  this  observa- 
tory will  yield  results  of  tlie  highest  accuracy. 

To  Astronomer  Zlmmer,  who  has  liad  long  experience  in  meridian  circle 
work,  I  am  indebted  for  his  continued  interest  and  cooperation  In  this  work. 

The  Chairman.  We  thank  Prof.  Eichelberger  and  Prof.  Hussey 
for  presenting  these  papers,  which  are  now  open  for  discussion. 
They  open  a  very  large  field  of  work.  Much  attention  is  being  given 
to  tliis  subject  now,  and  probably  our  successors  will  achieve  tri- 
umphs, at  present  undreamed  of,  in  what  years  ago  appeared  to 
some  of  us  to  be  a  hopeless  task — i.  e.,  to  bring  anything  like  order 
out  of  the  chaos  of  the  stars.  But  apparently  we  are  on  the  way  now 
of  learning  something  about  them.  Has  Prof.  Hussey  some  word 
on  this  problem  ?    Has  it  been  taken  up  at  the  La  Plata  Observatory  ? 

Mr.  HussET.  No;  it  has  not 

The  Chairkan.  If  we  are  able  to  come  back  from  the  planets, 
on  which  we  may  be  sojourning  20  centuries  from  now,  and  make 
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use  of  the  elapsed  time,  we  shall  probably  be  able  to  throw  some 
light  on  this  problem.  In  the  meantime  it  is  exceedingly  important 
that  our  observations  of  to-day  be  so  recorded  that  they  may  be  avail- 
able to  our  successors.  We  have  considered  that  problem  in  what 
may  be  called  a  practical  way  in  this  institution  by  the  publication 
of  a  star  catalogue,  which  is  being  worked  out  by  the  successors  of 
the  late  Prof.  Boss.  In  selecting  the  paper  for  the  first  edition  of 
that  catalogue,  the  so-called  preliminary  general  catalogue,  we  have 
secured  material  which  I  will  guarantee  will  last  500  to  1,000  years 
under  ordinary  library  conditions.  If  the  observations  of  Hippar- 
chus  had  been  made  with  the  precision  of  modem  instrumentation^ 
his  catalogue  would  be  of  great  service  to  us  now.  It  may  be  of  in- 
terest to  the  astronomers  here  present  to  know  that  the  Carnegie  In- 
stitution is  just  about  to  issue  an  edition  of  Ptolemy's  famous  work, 
or  of  the  catalogue  of  stars  of  Hipparchus,  in  which  computations 
have  been  made  with  modern  data  back  to  the  time  of  Hipparchus^ 
with  a  view  to  determining  how  precise  his  catalogue  is.  That  work 
will  be  ready  for  issue  shortly.  That  may  be  considered  as  the  latest,, 
if  not  the  last,  edition  of  Ptolemy's  work. 

Are  there  any  further  remarks  on  these  papers?  If  not,  we  have 
another  paper  by  two  colleagues  of  Prof.  Hussey,  Dr.  Pablo  T.  Dela- 
v&n  and  Dr.  F^lix  Aguilar,  which  I  will  ask  Prof.  Hussey  to  present.. 


MERIDIAN  CIRCLE  WORK  AT  THE  LA  PLATA  OBSERVATORY. 

By  PABLO  T.  DELAVAN, 

Profe$9or  of  the  Faculty  of  Phytical  Science,  MatJienuUics,  and  Astronomy  of 

the  National  University  of  Tji  Plata;  and 

PfiLIX  AGUILAR, 

Professor  of  the  same  Faculty, 

One  of  the  great  needs  of  astronomy  in  the  Southern  Hemisphere  is  the. 
accurate  determination  of  star  places.  The  Zones  of  the  Astronomische  Ge- 
sellschaft,  a  worlc  participated  in  by  14  different  observatories,  in  which  all 
stars  to  the  ninth  magnitude  have  been  observed  at  least  twice,  extend  to  23* 
south  declination.  On  a  similar  plan  the  measures  have  been  extended  by  the 
Argentine  National  Observatory  at  06rdoba  to  south  declination  37*,  and  the 
results  published  in  part.  The  same  observatory  also  has  plans  for  the  con- 
tinuance of  the  work  15**  farther  south. 

Accordingly,  In  the  year  1913,  It  was  decided  to  undertake  a  program  of 
observational  work  at  La  Plata  in  which  two  zones  of  5*  each,  beginning  at 
declination  52,  were  to  be  observed  on  a  plan  similar  to  that  of  the  Astrono- 
mische Gesellschaft  Each  zone  contained  approximately  7,600  stars,  the  lista 
Including  all  those  to  the  ninth  magnitude  in  the  Cape  Photographic  Durch- 
musterung. 
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The  northern  zone  was  assigned  to  Astronomer  Delav&n,  who  began  the 
observing  early  in  1913.  The  southern  one  was  undertaken  by  Astronomer 
Agullar,  who  began  work  the  following  year. 

The  instrument  employed  is  the  large  Gautler  meridian  circle.  This  was  one 
of  the  first  instruments  of  the  La  Plata  Observatory.  Ordered  in  Paris  in 
1887,  it  was  completed  in  time  to  be  exhibited  at  the  Universal  Exposition  of 

1889.  In  the  following  spring  it  was  shipped  to  La  Plata,  arriving  in  April, 

1890.  It  was  designed  with  the  aim  that  it  should  not  be  only  one  of  the 
largest,  but  also  one  of  the  best  instruments  of  its  kind  in  the  world.  The 
cube  and  contiguous  parts  of  the  axis  are  formed  from  a  single  casting,  which 
has  been  machined  on  the  inside  and  outslda  The  tube  is  of  steel  and  the 
lower  or  micrometer  end  is  double.  Both  sections  of  the  tube  are  tapered. 
The  objective  was  made  by  the  Henry  Brotlien  of  the  Paris  Observatory.  It 
has  a  clear  aperture  of  21.8  centimeters  and  a  focal  length  of  2.8  meters.  The 
graduated  circles  are  approximately  1  meter  in  diameter,  and  are  divided  into 
live  minute  spaces,  with  each  degree  numbered.  Four  microscoi)es  for  reading 
^ach  circle  are  provided,  and  are  placed  at  intervals  of  90"*. 

The  micrometer  has  been  replaced  by  a  more  modern  one  belonging  to  the 
new  Repsold  meridian  circle,  received  at  La  Plata  some  time  ago,  but  which 
is  not  yet  mounted.  It  is  of  the  self-registering  type  with  illumination  by 
means  of  a  miniature  electric  lamp  mounted  on  the  micrometer  itself. 

The  field  can  be  illuminated  in  two  ways — dark  wires  on  a  bright  background 
or  bright  wires  on  a  dark  background.  The  latter  method  has  been  used 
throughout  the  work.  A  magnifying  power  of  156  diameters  has  been  uni- 
formly employed  for  the  observations. 

The  clock  used  during  the  first  two  years  of  the  work  was  made  by  A. 
Fenon,  of  Paris,  and  is  known  as  Fenon  67.  It  is  placed  in  a  small  room  in 
the  basement  of  the  principal  building.  It  has  second  contacts  connected  electri- 
cally to  the  chronograph  in  the  observing  room.  Although  possessing  a  rather 
large  variation  due  to  changes  of  temperature,  the  rate  during  a  single  night 
has  always  been  satisfactory.  Early  in  1915  the  new  Riefler  clock  was  In- 
stalled, and  is  now  in  use.    It  is  known  as  Riefler  325. 

The  chronograph  in  use  is  of  the  cylindrical  pattern,  constructed  by  Feyer, 
B^avarger  &  Co.,  of  Neuchatel,  Switzerland.  It  has  two  pens — one  for  record- 
ing the  clock  beats  and  the  other  for  the  key  signals. 

The  normal  program  for  a  nijjht's  work  Is  as  follows:  In  the  beginning  the 
nadir  is  read,  by  means  of  an  artificial  horizon,  for  level  and  for  zenith  dis- 
tance. Four  time  stars  are  then  observed,  and  a  pair  for  the  determination  of 
the  azimuth  constant  This  pair  generally  consists  of  a  circumpolar  star  and 
a  star  of  such  declination  that  It  renders  the  azimuth  factor  large.  If  the 
circumpolar  star  is  above  the  pole,  a  star  with  a  large  northern  declination  Is 
used  In  connection  with  It;  if  below  the  pole,  a  star  between  40*  and  60** 
south  declination  is  selected.  The  same  is  done  at  the  close  of  the  night's 
work.  In  the  meanwhile  zone  stars  are  observed  with  a  time  star  Included 
approximately  every  hour.  The  spirit  level  is  read  at  the  beginning  or  close  of 
each  series  to  check  the  result  derived  from  the  nadir. 

The  colllmation  of  the  telescope  has  been  found  to  be  very  nearly  constant 
It  Is  determined  on  the  average  of  about  once  a  month  by  reversal  on  a  mire. 
A  collimatlng  lens  Is  set  up  provisionally  in  the  south  window  of  the  observing 
room,  which  brings  into  focus  the  mire  located  some  80  meters  from  the  tele- 
scope. Readings  are  made  with  the  vertical  movable  micrometer  thread,  after 
which  the  Instrument  Is  reversed  and  the  readings  repented.     To  be  certain 
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that  the  azimuth  has  remained  constant  In  the  meantime,  the  instrument  is 
returned  to  its  original  position  and  the  readings  made  again.  Finally,  the 
telescope  is  reversed  once  more  and  left  in  the  new  position  for  a  period  of 
observational  work.  In  this  way  the  observations  are  nearly  evenly  divided 
between  the  two  positions  of  the  instrument 

While  the  meridian  circle  is  reversed  at  intervals,  the  microscopes  employed 
are  always  those  of  the  east  pier.  Accordingly,  the  two  circles  have  been 
used  in  the  determination  of  the  declinations.  Although  the  investigation  of 
the  errors  of  graduation  has  not  been  completed,  the  close  agreement  in  the 
results  obtained  by  the  two  circles  indicates  that  the  errors  in  that  particular 
region  are  very  small. 

In  the  reductions  the  azimuth  as  determined  from  the  pair  observed  near 
the  beginning  of  the  series  together  with  the  level  as  derived  from  the  nadir 
at  the  beginning  and  the  collimation  determined  at  the  previous  reversal  are 
adopted  as  the  instrumental  constants  for  the  time  corresponding  to  the  be- 
ginning of  the  night's  work.  In  a  like  manner  the  azimuth  as  obtained  near 
the  close  with  the  level  determined  by  the  final  nadir  and  the  same  collimation 
constant  are  adopted  as  the  constants  for  the  time  of  the  close  of  the  series. 
For  intermediate  times  the  values  of  the  reduction  constants  are  interpolated. 

For  the  determination  of  the  clock  correction  and  rate  a  least  square  solu- 
tion is  made,  assigning  the  azimuth  pairs  zero  weight 

During  the  past  year  and  a  half  the  observing  has  been  handicapped  by  the 
abnormally  bad  weather.  Nevertheless  to  the  present  time  there  have  been 
made  nearly  25,000  measures.  With  average  conditions  It  Is  quite  probable 
that  the  work  of  observing  will  be  completed  by  the  end  of  the  year  1916. 

The  reductions  are  following  promptly.  The  measures  of  1913  are  reduced 
and  in  manuscript  form.  The  work  of  1914  Is  being  prepared  for  printing,  while 
the  reductions  of  this  year's  observations  are  well  underway. 

The  Chairman.  I  wish  to  thank  Prof.  Hussey  for  the  presentation 
of  this  paper.  Are  there  any  remarks  upon  it?  Like  many  other 
papers  read  here  it  shows  that  there  is  great  activity  now  in  this 
fundamental  work  of  astronomy.  The  prospect  is  that  the  astrono- 
mers of  the  future  will  not  call  so  loudly  for  stellar  positions  as  the 
astronomers  of  the  past  have  done.  In  the  course  of  a  couple  of 
decades  that  work  ought  to  be  pretty  well  done.  It  is  probable  that 
the  Boss  catalogue,  which  will  embrace  all  stars  to  the  seventh  magni- 
tude, inclusive,  will  be  issued  in  the  course  of  a  few  years  now — 
certainly,  I  think,  within  a  decade. 

There  is  one  point  brought  out  by  this  paper  that  is,  I  think,  of 
immense  importance  for  the  future.  It  applies  not  only  to  astronomi- 
cal observations  but  to  geodetic  work,  magnetic  work,  and  all  kinds 
of  work  involving  computations  dependent  upon  observations.  The 
point  is  that  we  must  find  some  methods  whereby  we  can  get  out 
the  results  more  speedily  than  we  have  in  the  past.  Dr.  Bauer  will 
recall  tliat  he  and  I  had  some  talks  upon  that  subject  several  years 
ago,  and  in  those  talks  I  insisted  that  unless  he  could  devise  methods 
of  speedily  getting  the  results,  so  that  they  could  be  available  for 
other  people,  he  would  fail  in  one  of  the  most  important  features 
of  his  undertaking. 
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Mr.  Bauer.  I  think  we  succeeded  in  doing  that,  the  results  being 
now  furnished  in  the  leading  hydrographic  establishments  even 
before  they  are  ready  to  use  them. 

The  Chaibman.  Yes,  when  the  nonmagnetic  ship  Carnegie  reaches 
port  she  is  ready  to  send  out  her  results  in  a  fit  stage  for  use  by 
hydrographic  offices.  Similarly  we  must  find  in  primary  triangu- 
lation  some  way  to  reduce  the  labor  of  computations  and  some  way  ta 
get  the  results  more  speedily  available.  The  time  was  in  astronomy 
and  geodesy  when  a  man  made  observations  and  then  waited  for  the 
slow  process  of  time  to  get  his  results.  Now,  I  think  we  understand 
computations  so  well  that  we  may  not  only  abridge  them,  but  we 
may  get  them  published  and  available  for  our  successors  before  we 
die.  Prof.  Brown  has  illustrated  the  same  idea  in  getting  the 
results  of  his  extraordinary  computations  ready  for  use  by  our 
successors. 

Mr.  Brown.  One  of  the  great  troubles  that  I  find  in  this  kind  of 
work,  and  a  trouble  that  I  think  most  people  find,  is  that  we  rely 
very  largely  on  mechanical  aids  furnished  by  the  commercial  world. 
A  great  deal  of  the  work  that  we  have  to  do  is  not  easily  done  by 
those  commercial  aids.  What  are  needed  are  special  devices  that 
only  scientific  men  will  use.  We  can  not,  therefore,  rely  on  the 
commercial  side  of  computation  for  that  work,  and  it  is  nece^ary 
for  people  to  devise  methods  by  which  computations  can  be  short- 
ened, which  methods  will  have  no  value  whatever  in  ordinary  com- 
mercial life,  such  as  banks  and  the  like.  I  have  myself  described  in 
this  city  on  a  previous  occasion  a  little  device  which  I  have  calculated 
has  saved  somewhere  in  the  neighborhood  of  $5,000  to  $10,000  in 
computing  work.  It  was  very  simple,  finally.  There  are  a  lot  of 
little  devices  of  that  kind  which  may  be  made,  but  nobody  spends 
his  time  doing  that  kind  of  thing,  because  there  is  no  money  in  it. 
To  return  the  complement  to  our  president,  it  seems  to  me  that  the^ 
work  which  the  Carnegie  Institution  has  taken  up  is  very  admirable. 

Mr.  Bauer.  My  experience  in  my  own  work  has  been  that  time  ia 
chiefly  lost  in  trjring  to  make  use  of  old  data,  trying  to  make  use 
of  the  data  of  others,  the  precise  value  of  which  unfortunately  they 
do  not  know,  so  that  in  making  use  of  those  data  you  can  not 
tell  whether  the  figures  which  you  find  represent  a  fact  of  nature  or 
something  else,  and  the  time  is  lost  in  trying  to  find  out  whether  it 
is  a  fact  of  nature  or  whether  it  is  due  to  some  other  cause.  I  do 
not  know  of  any  way  to  verify  the  older  observations  except  by 
discarding  them. 

The  Chairman.  If  this  were  not  a  meeting  of  internationalists 
I  would  be  disposed  to  state  that  one  of  the  things  most  needed 
for  the  future  of  science  is  to  scrap  a  large  part  of  the  information 
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we  now  possess.  That  is  very  iconoclastic,  but  I  think  it  is  pro- 
foundly true  in  many  kinds  of  work  that  have  already  been  started. 

Mr.  EiCHELBERGER.  But  uot  in  astronomy. 

The  Chairman.  Yes;  in  astronomy  and  geodesy.  If  we  could 
get  rid  of  the  accumulations,  if  we  could  in  some  way  ignore  the 
accumulations  of  information,  and  proceed  anew,  we  could  arrive 
at  the  goal  a  good  deal  more  quickly  than  we  can  now.  Science 
in  many  of  its  departments  is  encumbered  with  information  that 
is  not  up  to  the  proper  modem  standard.  The  work  done  by  our 
temporary  observatory  at  San  Luis  in  Chile  is  an  illustration  of 
the  value  of  doing  work  de  novo,  and  doing  it  ourselves.  Many  of 
our  advisors,  including  the  late  Simon  Newcomb,  suggested  that  that 
work  be  done  by  the  observatories  which  were  then  already  in  ex- 
istence in  the  Southern  Hemisphere;  but  if  we  had  pursued  that 
course  it  would  have  taken  a  great  deal  longer  than  the  time  which 
was  actually  consumed  to  arrange  the  preliminaries  by  correspond- 
ence. But  in  regard  to  computations  and  reductions  and  in  regard 
to  publication,  it  is  high  time  for  us  to  get  together  and  find  some 
means  for  expediting  our  work.  One  of  the  faults  of  astronomers 
and  geodesists  in  the  past  has  been  particularly  that  they  have 
insisted  on  publishing  work  in  extenso.  The  expense  of  that  is  too 
great.  We  are  meeting  with  the  same  sort  of  diflSculty  in  the  more 
recent  sciences,  and  particularly  in  the  biological  sciences,  whose 
devotees  desire  to  publish  everything  they  know  about  a  subject 
instead  of  making  careful  selection  of  the  salient  facts  and  features. 
The  consequence  is  that  the  institution  with  which  I  happen  for  the 
moment  to  be  connected  is  in  danger  of  being  swamped  by  the  ex- 
cessive cost  of  its  publications,  and  particularly  of  illustrations. 
We  must  find  some  way  to  cheapen  the  illustrations  in  publications 
and  some  way  of  getting  at  the  result  at  which  we  aim  more  directly 
and  more  economically. 

Prof.  Bailey  has  kindly  consented  to  examine  a  paper,  which  has 
been  sent  us  by  the  chief  of  the  military  geographic  service  of  the 
Republic  of  Uruguay,  Lieut.  Col.  Silvestre  Mato,  who  submits  some 
resolutions  or  suggestions  for  resolutions  for  the  Congress.  They 
fall  within  the  province  of  this  section.  If  Prof.  Bailey  has  had 
time  to  examine  them,  I  would  ask  him  to  give  us  the  substance  of 
them  in  order  that  we  may  refer  them  to  the  committee  that  was 
appointed  yesterday,  so  that  they  may  be  given  due  consideration. 
These  propositions  refer  to  some  international  matters,  which  some 
of  our  colleagues  here  in  the  United  States  desire  to  bring  forward 
in  similar  fashion.  I  think  the  matter  is  of  such  importance  that  if 
Prof.  Bailey  is  ready  he  may  present  it  to  us  and  then,  I  think,  we 
may  appropriately  refer  the  whole  subject  to  the  committee  in  order 
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that  they  may  report  these  recommendations  early  next  week.  We 
will  also  ask  Prof.  Bailey  to  give  a  translation  or  summary  of  the 
resolutions  on  geodetic  triangulations  and  cadastral  surveys  by  Mr. 
Piaggio. 

Mr.  Bailey.  You  will  find  these  stated  in  the  printed  form  and 
also  in  the  program.  They  are  resolutions  on  geodetic  triangulatiou 
and  cadastral  surveys.  The  other  refers  to  a  triangulatiou  carried 
on  under  the  auspices  of  the  Uruguayan  Government  for  the  de> 
termination  of  the  boundary  between  Brazil  and  Uruguay.  The 
author  says  that  at  the  end  of  the  year  1913  the  boundary  com- 
mission, appointed  to  establish  the  limits  between  Brazil  and  his 
own  country,  found  it  necessary  to  make  a  survey  along  certain 
rivers.  The  extent  of  the  survey  was  to  cover  about  240  kilometers, 
but,  unfortunately,  there  existed  no  geodetic  triangulatiou  to  that 
region  and  consequently  they  had  to  make  a  base  for  their  topo- 
graphical work  by  basing  it  at  one  end  upon  an  international  geo- 
detic triangulatiou  which  had  been  made,  and  extending  it  to  the 
border  of  Brazil  on  the  other  end.  This  was  taken  up  in  1013.  lie 
says  all  they  had  to  work  with  was  one  theodolite.  They  went 
ahead  with  their  survey — the  writer  gives  the  formulae  which  were 
used — and  a  diagram  of  the  triangulations.  He  says  that  on  ac- 
count of  the  forests  and  the  other  difficulties,  one  side  of  the  triangle 
was  over  2,500  meters  in  length.  He  states  further  that  on  account 
of  the  primitive  apparatus  and  the  lack  of  sufficient  points  on  which 
to  base  a  survey,  they  did  not  expect  very  good  results  but  that, 
taking  into  consideration  the  difficulties  under  which  they  labored 
and  the  instruments  with  which  they  had  to  work,  the  results  were 
unexpectedly  good. 

The  Chairkan.  We  wish  to  tliank  Mr.  Bailey  for  his  work. 
These  papers,  which  refer  to  the  very  important  international 
question  of  geodetic  surveys  carried  on  by  common  methods  and 
using  common  units,  will  now  be  referred  to  our  committee,  for 
which  provision  was  made  this  morning.  If  there  is  no  objection, 
therefore,  we  will  refer  these  resolutions  suggested  by  Col.  Mato 
and  Mr.  Nicolas  H.  Piaggio,  to  that  committee  for  further  con- 
sideration. I  may  state  that  the  executive  committee-wishes  to  have 
all  of  the  resolutions  of  this  kind  ready  for  submission  early  next 
week  so  that  action  may  be  taken  by  the  executive  committee  for 
recommendation  as  a  part  of  the  work  of  the  Congress. 

The  following  paper  will  now  be  presented  as  read  by  title:  The 

Astrographic  Catalogue,  zones  —  70^  to  —  23*^,  assigned  to  the 

Chilean  National  Observatory,  by  Ismael  Oajardo  Reyes,  subdi- 

rector  of  the  observatory  and  head  of  the  astrographic  department. 
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THE  ASTROGRAPHIC  CATALOGUE  ZONES  —17*  TO  — 2S**  ASSIGNED 
TO  THE  CHILEAN  NATIONAL  OBSERYATORT. 

By  ISMAEL  GAJARDO  REYES. 
Subdirectory  Chilean  National  Obnervatory  and  Head  of  the  Astrographic 

Department. 

mSTOBT  AND  OEKEBAL  PLAN  OF  THE  WORK. 

On  October  15, 18SG,  l*Aca<1^mic  cles  Sciences,  ncceillng  to  a  request  from  Ad- 
mlml  Mouchess,  then  director  of  the  Paris  Oliservntory,  sent  to  correspondlnfiT 
institutions  In  foreiioi  countries  the  followini;  circular  letter,  which  may  well 
be  considered  the  "point  of  departure**  of  the  irreat  work  on  the  "Carte  du 
Clel,"  In  the  execution  of  which  some  18  olu^ervatorles  are  to-day  engaged.  The 
academy's  letter  of  invitation  reads  as  follows: 

Parts,  October  15,  18RS. 

Btr:  The  p'eat  progrejw  achieved  In  cele«itinl  photofrrnphy  and  the  remark- 
able star  plioto;n^phs  recently  tnlcen  at  I*arl8  by  tlie  MfswrJ*.  ll«»nry  hnve  lend 
a  nnnilier  of  a^ctmminiers  to  lielleve  that  tlie  time  has  come  to  und«Tt:ike  the 
conKtniction  of  a  chart  of  the  heavens  by  pliotosmiphy.  Tills  preat  luvhTtriklns:, 
whlt'li  would  lie  of  so  p*ent  Iniportnnce  to  astninomers  of  the  future,  would  lie 
easily  acfompllslied  In  a  few  yejii's  If  10  or  12  obsorvati»rles.  wHi  dIstrllMited 
on  the  }rl<ilie.  could  make  a  prt»por  division  of  lali^ir  and  work  with  iiihImnIs 
identical  In  chnnicter,  lu  order  that  the  various  parts  of  the  charts  might  Imve 
essential  homogeneity. 

L*AcadC*nHe  des  Sciences,  having  been  Informed  by  the  unofficial  communi- 
cations receiveil  by  tlie  direc-tor  of  the  Paris  Observatory  from  a  large  nuiiilier 
of  astronomers  with  regani  to  the  feasibility  of  an  international  conference, 
where  tlie  f|ut*stlon  nilglit  l>e  studied  and  discussed  in  concert,  has  come  to  tlie 
conclusion  that  such  a  conference  ml^t  be  held  at  the  Paris  Oi»servatory 
during  the  Easter  ^-acation,  April  16,  1887,  and  it  trusts  that  you  may  be 
present 

I.  Bertranu, 

A.    VUI.PIAN, 

The  Permanent  Secretarie$  of  the  Academy  of  Sciencet. 

During  the  month  of  October,  1880,  50  of  the  same  invitations  were  sent  to 
the  best  known  astronomers  of  10  different  nations  by  the  French  minister  of 
foreign  relations.  All,  without  exception,  met  with  favorable  reception,  and 
the  astnmomers  who,  for  dlfTerent  reasons,  could  not  promise  their  attendance, 
Bent  expressions  of  their  approval  of  the  project.  Some  of  them,  among  whom 
were  the  well-kmiwn  North  American  astronomers,  E.  C.  Pickering  and 
Prltchanl.  sent  In  valuable  advice  and  data ;  others  promise<l  their  cooperation. 

The  director  of  the  Santiago  Observatory,  Don  .Tos^  Ignacio  Vergara,  although 
he  did  not  feel  personally  able  to  attend  the  conference,  declared  that  he  was 
authorized  by  our  Government  to  have  constructeil  as  »)on  as  possllile  the  In- 
strument which  should  i>e  chi»sen  by  the  congress  for  the  work.  This  state- 
ment was  communicated  officially  to  Admlnil  Mouchez  by  the  Cldlean  minister 
in  Paris.  M.  Beuf,  the  director  of  the  oliservatory  of  the  Province  of  Buenos 
Ayres  at  La  Plata,  went  to  Paris  with  similar  powers  from  bis  Government 
M.  Cnils,  the  director  of  the  Uio  Janeiro  Observatory,  had  equal  powers,  and 
three  French  observatories,  in  addition  to  the  Paris  Observatory,  already  pos- 
sessed the  authorizations  necessary  for  the  construction  of  the  Instrument 
Thus,  at  the  inauguration  of  Its  sessions,  the  congress  had  the  complete  assur- 
ance that  seven  observatories  were  ready  to  construct  immediately  tlie  appa- 
ratus necessary  for  the  work. 

The  astrographic  congress,  inaugurated  April  10,  1887,  was  composed  of  80 
foreign  delegates,  among  whom  were  many  of  the  best-known  astronomers  of 
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that  period,  such  as  Struve,  Auwers.  Donner,  Gill,  Vogel,  Schoenfeld,  and 
Christie;  11  meinl>ers  of  l*Academle  des  Sciences;  3  directors  of  French  obser- 
vatories, those  of  Toulouse,  Bourdeaux,  and  Argel;  2  assistant  astronomers 
from  the  Paris  Observatory;  1  constructor  of  instruments  of  precision;  and 
three  representatives  of  tlie  administration  of  the  Paris  Observatory. 

It  would  be  a  long  and  arduous  task  to  enter  into  the  details  of  tlie  pro- 
cee<ling8  of  tlie  general  sessions  of  the  congress  celebrated  during  tlie  year 
1887,  as  well  as  the  meetings  of  the  permanent  international  conuuittee  for 
the  execution  of  the  photographic  chart  of  the  sky,  which  took  place  at  the 
Paris  Observatory  in  the  yeare  1889,  1891,  and  1890.  Some  of  tlie  principal 
results  of  the  conferences,  liowever,  such  as  the  distribution  of  the  plates  over 
the  slcy,  the  selection  of  guiding  stars,  the  length  of  exposures,  and  the  distribu- 
tion of  the  work  among  tlie  different  ol>servatories,  may  well  be  descrilied. 

The  photographic  refractor  adopted  for  the  work  has  an  aperture  of  0.83 
meter  and  a  focal  length  of  3.43  meters,  so  that  an  arc  of  1  minute  In  the  sky 
corresponds  approximately  to  1  millimeter  on  the  plate.  These  have  a  surface 
of  IGO  millimeters,  but  the  effective  field  covers  no  more  than  two  degnn*  on 
a  side,  or  four  square  degrees.  The  conjoined  plates  are  suiierposed  in  declina- 
tion to  a  distance  of  less  than  half  their  diameters  in  such  a  manner  that  a 
star  image  situated  in  tlie  center  of  one  plate  will  be  found  near  the  eilge  of  the 
effective  field  of  the  following  plate.  In  order  to  accomplish  this  in  the  simplest 
manner  possible,  the  plates  are  exposed  so  that  their  centers  are  sepaniteil  by 
one  degree  in  the  successive  parallels  of  declination.  The  center  of  the  first 
plate  in  the  series  of  even  declinations  is  placed  at  0  h.  0  m.  in  right  ascension* 
For  tlie  series  of  uneven  declinations  the  first  plate  is  centered  at  a  point  whose 
right  ascension  is  approximately  the  mean  of  the  right  ascensions  of  the  center 
of  the  first  and  second  plates  of  the  contiguous  series.  Near  the  equator  it  Is^ 
necessary  to  distribute  the  plates  of  each  series  with  eight  minute  intervals  in 
right  ascension,  but.  as  the  declination  increases,  the  right  ascensions  of  the 
adjoining  plates  differ  by  increasing  amounts  until  the  polar  zone  is  entirely 
covered  by  a  single  plate.  The  entire  sky  will  thus  be  covered  by  the  sucv-es- 
sive  series  of  plates.  The  distribution  adopted  will  be  better  understood  from, 
the  following  table : 

Table  showing  the  distribution  of  the  plates. 
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The  numbers  which  appear  in  the  fifth  oolmnn  have  been  obtained  by  diTid- 
fng  1»440,  the  namber  of  minutes  in  24  hours,  by  tlie  interval  between  the  suc- 
cessive centers  given  in  column  4.  The  last  column  is  obtained  by  multiplying 
the  number  of  plates  in  a  zone,  as  indicated  in  column  5,  by  the  number  of  zones 
indicated  in  the  first  column.  Thus,  for  example,  from  87*  to  48*  there  are 
12  zones  of  144  plates  eadi,  or  1,728  plates  in  all.  Suppose  that  we  desire 
to  Itnow  what  plates  will  contain  a  star  whose  position  is  a=0  h.  47  m; 
»=— 89*  40'.  The  table  shows  that  It  will  appear  on  the  sixth  plate  of  the 
zone  40*  and  on  the  fifth  plate  of  the  zone  88*,  since  the  zones  of  uneven  declina- 
tion between  87*  and  48*  have  the  first  plate  centered  at  0  h.  5  m.  in  right 
ascension. 

In  order  to  be  certain  that  the  plate  is  actually  being  exposed  upon  the  true 
position  in  the  slcy,  it  is  necessary  that  the  observer  guide,  by  means  of  the 
guiding  telescope  attached  to  the  photographic  refractor,  upon  a  star  within 
the  desired  region,  the  position  of  which  has  been  previously  determined.  The 
selection  of  these  guiding  stars  for  each  region  from  existing  stellar  catalogues 
has  given  rise  to  much  discussion.  At  first,  it  was  thought  that  they  ought  not 
to  be  more  than  22'  from  the  centers  of  the  plates  and,  consequently,  the  lists 
were  made  up  on  that  assumption.  In  order,  however,  to  find  stars  in  all 
cases  within  22'  of  the  plate  center,  it  was  necessary  to  include  many  stars 
fainter  than  the  ninth  magnitude.  It  was  finally  decided  to  allow  each  ob- 
server to  choose  a  new  guiding  star  not  more  than  40'  distant  from  the  plate 
center  in  such  cases  as,  in  his  Judgment,  the  star  listed  was  too  faint  to  be  con- 
veniently observed  in  the  illuminated  field  of  the  guiding  telescope.  The 
program  of  guiding  stars  for  the  Santiago  Zones  was  prepared  by  Astronomer 
Zurhellen  and  includes  stars  down  to  magnitude  9.4. 

The  question  of  the  proper  length  of  exposures,  taking  into  consideration 
the  photographic  magnitudes  of  the  stars,  has  likewise  provoked  much  discus- 
sion. For  the  series  of  short  exposures,  from  which  one  catalogue  is  to  be 
formed,  it  has  been  the  custom  of  our  observatory,  as  well  as  most  of  the 
others,  to  make  two  exposures  of  8  minutes  and  another  of  20  seconds.  In  this 
way  the  star  images  appear  in  triplicate  with  one  image  fainter  than  the  other 
two  and  it  is  practically  impossible  to  confuse  them  with  spots  in  the  gelatin. 

The  following  table  shows  the  observatories  which  are  taking  part  in  the 
work,  together  with  the  region  of  the  sky  and  the  amount  of  work  assigned  to 
each : 

Table  thawing  the  diitribuiion  of  the  work. 


Oteervatory. 

Latitude. 

Deelinatfonsofthe 
tones. 

Zenith  dlstanoe. 

Number 
of  plates. 

Greoiwicli 

+61    29 
+41    64 
+37    80 
+60     0 
+52    23 
+61    46 
+48    60 
+44    60 
+43    37 
+36    48 
+36    28 
+10    34 
-33    27 
-34    66 
-22    64 
-33    66 
-38    62 
-87    60 

•         • 

+90  to +66 
+64  to +66 
+64  to  +47 
+46  to +40 
+30  to +32 
+31  to  +26 
+24  to +18 
+17  to +11 
+10  to  +  6 
+  4to-  2 
-  Sto-  9 
-10  to -16 
-17  to  -23 
-24  to  -31 
-32  to -40 
-41  to  -61 
-62  to  -64 
-65  to -90 

•     »          • 

-18    81  to -38 
-13     6  to -22 

-  9    30to-16 
+14     9  to +20 
+13    23  to +20 
+20    46  to +36 
+24    60  to +30 
+27    50to+33 
+33    37  to +38 
+32    48  to +38 
+38    28  to +46 
+20    24  to +35 
-10    27  to -16 

-  3    66  to  -10 
+  9     6  to  +17 
+  7     4  to +17 
+18     8  to  +30 
+27    10  to +62 

31 
6 
30 
9 
23 
46 
60 
60 
37 
48 
28 
24 
27 
65 
6 
4 
8 
10 

1.149 

Romo. 

1,040 

fiRtml* 

1,008 

Helainefore. 

1*001 

Potsdam 

l!28t 

Oxford 

1,180 

Paris 

1,300 

BordMux 

1,300 

Tooionse. 

1,080 

Argel 

1,300 

Ran  Fernando 

lSo 

Tacubaya 

1,300 

Santiago 

ilsoo 

La  Plata 

iS 

Rio  Janeiro.... 

1  870 

€^p6  Town 

1,612 

SydnBy 

l\& 

Melbourne 

1,140 

Total  mnnlMr  of  platM 

«,064 

Digitized  by  VjOOQIC 


ASIBONOMT,  MB!niOBOLOQY,  AND  8BISM0L0GT.  119 

With  regard  to  the  technical  importance  of  the  labor  to  which  the  scientific 
reputation  of  our  observatory  and,  to  a  certain  degree,  the  word  of  the  Chilean 
Oovemment,  is  pledged,  we  can  find  no  better  Justification  than  the  eloquent 
words  of  the  eminent  French  astronomer  and  mathematician,  M.  Loewy,  with 
which  he  concludes  the  introduction  to  his  notable  memoir,  entitled  *'  Second 
IKmoire  sur  la  Construction  du  Catalogue  fondle  sur  les  Cliche  de  la  Carte 
doCiel**:* 

De  re3aiipen  de  ce  travail,  11  rteulte  aussi  que  la  m^thode  photographique 
appelte  &  Jouer  un  rOle  tout  &  fait  preponderant  dans  r^tude  des  situations 
relatives  des  astres.  L*activit6  des  astronomes  devra  changer  de  direction, 
sous  peine  de  s*exercer  d*une  manidre  sterile.  Les  instruments  m^ridieus 
serout  alTectte  d*une  mani^re  plus  sp^iale  k  la  determination  des  positious  des 
(toiles  fondamentales  et  des  astres  mobiles.  La  photograph le  les  remplacera 
avec  grand  a  vantage  pour  la  construction  des  Catalogues  d*Ctoiles  fixes,  aussi 
bien  que  pour  T^tude  des  mouvements  sid^raux  et  des  parallaxes. 

n.  THB  ASTBOGBAPHIC  BEFSACTOB. 

The  astrographic  telescope  of  our  observatory  is  of  the  Henry-Gauthler  type 
and  resembles  in  all  its  details  the  instruments  of  the  French  observatories. 
It  consists  of  two  parallel  telescopes,  the  photographic  refractor  of  33  cm. 
aperture  and  3.43  meters  focal  length,  and  the  guiding  telescope  of  19  cm. 
aperture  and  8.63  meters  focal  length.  Both  are  Inclosed  in  a  single  metallic 
tube  of  rectangular  section,  37  by  68  cm.  A  light  diaphragm  within  the  tube 
separates  the  two  telescopes.  The  central  axis  of  the  tube  moves  freely  upon 
a  strong  frame,  made  of  two  triangular  plates  of  steel  which  are  fastened  at 
their  corners  to  two  trusses  of  cast  iron,  mounted  in  the  north  and  soutli  line 
uiK)n  two  brick  piers. 

The  hour  circle  is  placed  at  the  lower  end  of  the  polar  axis  and  is  divided 
into  minutes,  so  that  with  either  of  the  two  verniers  the  obsei*ver  may  read 
to  6  seconds.  The  declination  circle  is  on  the  side  of  the  tube  between  it  and 
the  polar  axis;  its  divisions  are  10  minutes,  and  by  means  of  an  eyepiece 
located  on  the  side  of  the  guiding  telescoiie  it  is  possible  to  read  the  circle  to 
1  minute  of  arc.  It  has  not  been  possible  on  this  circle  to  eliminate  the 
shadows  of  the  index  lines  which  are  reflected  upon  the  circle,  so  tlmt  the 
obsanrer  must  be  careful  to  choose  the  correct  lines  from  the  two  which  he 
sees  in  the  eyepiece. 

The  declination  circle  and  the  field  of  the  eyepiece  of  the  guiding  telescope 
are  illuminated  by  means  of  an  electric  lamp.  The  light  brass  tube  which 
carries  this  lamp  is  provided  with  two  openings  for  ventilation,  and  during 
iraiding  these  are  closed  by  means  of  two  glasses,  between  which  have  been 
placed  sheets  of  red  gelatine.  The  current  for  this  lamp  is  passed  through  a 
resistance  coil,  by  means  of  which  it  is  possible  to  regulate  at  will  the  illumina- 
tion of  the  field  to  offset  variations  in  voltage. 

The  lenses  rest  in  cylindrical  cells  of  steel  attached  to  the  brass  plate  at  the 
vpp^  end  of  the  tube  which  incloses  both  telescopes  and  on  which  are  fas- 
tened rings  which  extend  out  over  the  edges  of  the  lenses.  The  photographic 
objective  consists  of  a  double  convex  lens  directed  toward  the  object  and 
a  concavo-convex  lens  directed  toward  the  plate,  the  convex  side  having  a 
T«ry  slight  curvature. 

The  brass  frame  of  the  camera  is  fastened  at  its  four  corners  by  guiding 
iMini  and  is  moved  by  a  screw  of  1  millimeter  pitch,  the  head  of  which  is 
divided  into  20  parts.    In  order  to  take  account  of  the  whole  revolution  of 
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Che  screw,  Astronomer  Zurhellen  scratched  od  both  sides  of  the  case  a  mllll- 
meter  scale  upon  which  the  number  10  corre^wnds  to  the  zero  position  of 
the  screw  nearest  to  the  chemical  focus;  from  this  point  the  scale  may  be 
used  al)out  7  millimeters  in  either  direction.  Tlie  movable  frame  has  its 
maximum  of  introduction  at  tlie  revolution  8  and  its  minimum  at  17.  It  Is 
possible  to  give  the  camera  a  small  inclination  by  means  of  auotlier  plate  acted 
upon  by  four  pressure  screws.  On  this  frame,  which  unfortunately  is  wetik, 
runs  a  disk  which  holds  the  plate  holder.  To  this  it  is  possible  to  give  slight 
movements  of  rotation  by  means  of  a  tangent  screw,  which  acts  at  a  distance 
of  172  millimeters  from  the  center  in  such  a  manner  that  an  advance  of  1 
millimeter  is  equivalent  to  a  rotation  of  20  minutes.  As  the  screw  has  a  pitch 
of  0.66  millimeter,  one  resolution  is  equivalent  to  a  rotation  of  13.2  minutes 
of  arc 

The  micrometer  of  the  guiding  telescope  is  constructed  in  a  somewhat  similar 
manner.  Two  light  brass  plates,  which  move  perpendicularly  to  each  other, 
are  regulated  by  a  coarse  screw  of  1  millimeter  pitch.  On  one  of  the  plates 
is  screwed  a  tube,  within  which  passes  the  smalt  tube  containing  the  eyepiece 
and  reticle.  The  scales  of  the  eyepiece  are  numbered  to  60  millimeters,  but 
at  the  readings  3  and  57  the  eyepiece  runs  iuto  some  obstructions,  so  that  It 
is  only  possible  to  use  ±27  revolutions  of  the  screw,  which  are  equivalent  to 
±25.5  minutes  of  arc.  The  eyepiece  frame  extends  28  centimeters  be>'ond 
the  camera  and  prevents  giving  to  that  instrument  a  whole  turn  in  declination, 
fiince  it  strikes  against  the  upper  part  of  the  support  of  the  micrometer.  The 
reticle  of  the  ey^iece  contains  two  wires  in  right  ascension  and  two  in  decli- 
nation, and  has  a  field  of  about  20  minutes.  The  guiding  telescope  is  also 
provided  with  a  small  finder  of  70  millimeters  aperture.  Its  reticle  consists 
in  two  cross  wires  at  right  angles.  It  would  be  more  convenient  to  replace 
these,  as  In  the  Vatican  telescope,  with  two  pairs  of  wires  at  right  angles, 
which  form  between  them  a  square  with  a  field  equal  to  that  of  the  guiding 
telescope.  The  field  of  the  finder  covers  about  2**,  which  Is  about  the  same  as 
thc>  field  of  the  photographic  telescope. 

III.  THE  EXPOSURE  AND  DEVELOPMENT  OF  THE  PLATES. 

Before  making  his  exposure  the  astronomer  must  make  a  careful  study  of 
the  region  which  he  is  going  to  photograph.  For  this  it  is  helpful  to  mark  on 
the  Bonn  charts,  which  are  used  in  the  Santiago  Observatory,  the  square  which 
Is  covered  by  the  plate  and  draw  on  a  separate  sheet  the  geometric  figures 
which  are  formed  by  the  brighter  stars  in  the  region.  It  is  preferable  to  nmke 
each  night  exposures  in  one  zone  only,  since  in  this  case  the  setting  of  the 
Instrument  in  declination  does  not  have  to  be  changed.  The  region  to  be  pho* 
tographed,  once  chosen,  the  telescope  is  directed  to  the  desired  point  in  the  sky. 
This  done,  the  observer  looks  up  the  same  region  on  the  map,  and,  by  means  of 
the  arrangements  for  slow  and  rapid  motions  of  the  telescope,  changes  the 
position  until  the  reticle  of  the  finder  coincides  with  the  position  given  on  the 
map  for  the  center  of  the  plate,  for  the  equinox  1900.  Then  he  seeks  the 
Riding  star.  To  this  end  he  must  know  the  readings  of  the  micrometer  screwa 
for  the  center  of  the  plate.  According  to  determinations  made  by  my  prede- 
•cessor.  Dr.  Pingsdorf,  these  values  for  the  simple  cross  in  the  reticle  of  the 
guiding  telescope  are  in  x,  28.2  and  in  y,  29.7.  To  these  values  must  be  added 
the  coordinates  of  the  guiding  star,  taking  into  account  their  algebraic  signs. 
Once  the  micrometer  heads  are  set  at  the  resulting  values,  the  star  is  easily 
found.  An  exposure  of  three  minutes  Is  then  made,  the  readings  of  the  screws 
iire  increased  0.5.  and  a  second  exposure  of  three  minutes  Is  made ;  finally  the 
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rendings  are  increased  another  0.5  in  z  and  decreased  0.5  in  y  for  a  third  ex- 
posure of  20  seconds.  Tlien  the  plate  holder  is  dosed,  taken  out,  and  carried 
to  tlie  dark  room.  Here  the  plate  holder  is  opened  a  little,  and  on  the  horder 
of  the  plnte  are  written  the  date  and  number  of  the  plate.  This  serves  also  to 
Indicate  tlie  orientation  of  the  plate. 

Before  developing,  the  lines  of  the  net  most  be  impressed  upon  the  plate. 
The  net  consists  of  a  plate  of  ground  glass  on  which  have  been  ruled  two  series 
of  parallel  lines  in  such  a  manner  that  the  entire  surface  is  divided  into  small 
squares,  5  millimeters  on  a  side.  Tliis  is  set  in  a  special  plate  holder  of  the 
same  form  as  those  in  which  the  exposures  are  made.  The  plate  is  taken  out 
of  its  plate  liolder  and,  without  changing  its  orientation,  is  placed  in  the  plate 
holder  containing  the  net  The  exposure  to  the  net  is  made  by  means  of  a 
60-cand1epower  electric  lamp  placed  upon  a  post  outside  of  the  dark  room,  and 
an  exposure  of  85  seconds  is  sufficient  to  secure  strong  lines. 

The  development  of  the  plate  is  one  of  those  operations  which  must  be  left 
largely  to  the  Judgment  of  tlie  person  doing  the  developing,  especially  as  re- 
gards the  choice  of  the  developer.  My  predecessor.  Dr.  IMngstlorf,  always  used 
^  Rodinal  **  In  a  solution  composed  of  1  part  of  Rodinal  to  20  parts  of  water.  I 
have  secured  good  results  from  the  well-known  pyrogallic  acid  developer  com- 
posed of  tliree  solutions,  made  up  separately,  as  follows: 

Solution  A: 

Water cm..  500 

Pyrogallic  acid gr—   80 

Oxalic  add gr».     1 

Solution  B: 

Sulphite  of  soda  (dessicated) gr—    00 

Solution  O: 

Water cm..  500 

Carbonate  of  soda gr—    00 

To  make  up  the  developer  use  1  part  of  each  solution  and  7  parts  of  iyat«r. 

As  a  precaution  it  is  well  to  keep  the  plate  In  the  developer  about  a  minute^ 
with  lights  entirely  shut  off.  The  astronomical  plate  is  developed  until  it  be- 
flDS  to  fog— in  general,  four  or  five  minutes.  Afterwards  It  is  bathed  in  run- 
ning water  for  a  minute  and  placed  in  tlie  fixer  for  about  20  minutes,  after 
which  it  Is  bathed  in  running  water  for  at  least  two  hours,  and,  whenever  pos* 
flible,  for  a  whole  night  It  is  then  placed  to  dry  In  some  place  free  from  dust 
and  the  direct  action  of  the  sun's  rays. 

Tlie  plate  must  then  be  examined  to  see  If  It  fulfills  certain  conditions. 
First  it  is  necessary  to  see  If  at  least  one  series  of  Images  has  come  out  quite 
round.  Those  plates  on  which  all  the  images  are  slightly  elongated  must  be 
rejected,  because  there  will  result  from  their  measurements  errors  which  de- 
pend upon  the  magnitude  of  the  stars.  This  examination  Is  made  with  a 
microscope;  a  reading  glass  Is  not  sufficient  Then  one  must  see  if  the  plate 
has  been  correctly  placed  or  If  there  has  been  an  error  in  the  identification 
«f  the  guiding  star.  Finally,  It  is  necessary  to  note  whether  or  not  the  20 
seconds*  exposure  shows  stars  down  to  the  ninth  magnitude,  so  that  It  may  be 
assumed  that  the  8-minute  exposures  show  stars  of  the  eleventh  magnitude, 
as  is  required  by  the  astrographic  congress.  After  the  examination  has  been 
made  and  the  plate  adjudged  to  lie  of  good  quality,  the  catalogue  number,  the 
right  ascension,  the  number  of  tlie  plate  holder,  and  the  date  of  the  exposure 
are  written  near  the  northern  edge  of  the  plate  and  it  Is  filed  away  for  measure- 
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IV.   THE    MSAST7SIN0    MACHINES. 

The  reader  will  find  the  detailed  descriptions  of  the  instruments  for  measur- 
ing photoio^phic  plates  in  the  following  references : 

Astronomy  and  Astrophysics,  VoL  XII,  1883,  page  512.  A  new  apparatus  for 
measuring  photographic  plates;  Idem,  pp.  783-8,  Khanpke,  Dorothy.  The 
Bureau  of  Measurements  of  the  Paris  Observatory;  and  Bulletin  du  Ck>mit6 
International  Permanent  pour  Textoition  photographique  de  la  Carte  du  del. 
Tome  I,  pp.  164r-205,  van  de  Sande  Bakhuyxen,  H.  G.  Mesure  des  cliches  d'aprte 
le  m^thode  des  coorden^es  rectangulaires. 

The  astrographic  section  of  our  observatory  possesses  at  the  present  time 
only  two  Instruments  for  measuring  photograpliic  plates.  One,  made  by  Rep- 
sold,  has  been  in  use  since  the  beginning  of  the  work,  and  the  other,  coift- 
structed  by  Otto  Toepfer  &  Son  of  Potsdam,  has  been  used  since  the  writer 
took  charge  of  this  department  The  old  Repsold  instrument  is  quite  similar 
to  those  described  in  the  references  to  astronomy  and  astrophysics  given  above, 
while  the  Toepfer  engine  is  described  by  Bakhuyzen  in  the  last  article  referred 
to.  In  its  general  features  the  latter  consists  in  a  solid  horizontal  platform 
upon  which  the  plate  is  mounted,  which  has  two  movements,  rectilinear  and 
perpendicular,  along  two  cylinders  provided  with  millimeter  scales,  and,  in 
addition,  a  third  rotatory  movement  for  bringing  the  lines  of  the  net  into  per- 
fect orientation  with  the  wires  in  the  reticle  of  the  microscope  and  for  the 
inversion  of  the  plate;  and  a  micrometer,  which  is  used  to  make  the  settings 
upon  the  stars  and  the  lines  upon  the  plate.  The  micrometer  screws  have  two 
heads — one  of  slow  movement,  graduated  into  20  equal  parts,  the  other  of 
rapid  movement,  divided  into  a  hundred  parts.  As  in  most  screws  of  this 
kind,  the  index  on  the  head  for  slow  movement  reads  divisions,  and  that  on 
the  hend  for  rapid  motion  complete  revolutions.  The  main  difTerence  between 
the  new  and  old  instruments  consists  in  the  fact  that  the  micrometer  on  the 
former  instrument  is  fixed,  while  on  the  latter  it  moves  on  a  horizontal  car- 
riage the  length  of  the  x  axis. 

Before  using  the  instrument  one  must  determine  the  errors  of  run,  the  differ* 
ences  between  the  separations  of  the  lines  of  the  net  read  on  the  micrometer 
and  their  theoretical  separations,  due  to  inaccuracies  in  the  construction  of 
the  screw.  The  theoretical  distance  between  two  lines  of  the  net,  the  separa- 
tion of  which  is  5  millimeters,  is  14,000  revolutions  of  the  micrometer  screw. 
Those  readings  which  differ  from  this  value  are  affected  by  a  certain  error 
which  it  is  convenient  to  keep  as  small  as  possible.  For  this  purpose,  once  the 
eyepiece  is  well  focused,  the  objective  is  moved  toward  or  away  from  the  plate 
by  a  small  amount,  which  changes  the  magnification,  and  consequently  the 
distance  between  the  lines  on  the  plate,  until  the  differences  between  the  read- 
ings on  any  two  successive  lines  is  made  as  close  as  practicable  to  14,000.  It 
is  difficult  to  keep  the  instrument  at  exactly  this  adjustment,  but  by  successive 
approximations  it  is  possible  to  reduce  the  error  to  a  small  one,  easily  cor^ 
rected  by  means  of  special  tables.  On  the  new  Toepfer  engine  the  position  of 
the  objective,  as  well  as  the  eyepiece,  is  adjusted  by  means  of  millimeter  scales, 
so  that  it  is  easy  to  correct  any  deviation  from  the  normal  position  for  the 
determination  of  the  error  of  run. 

A  good  description  of  the  processes  used  for  the  determination  of  the  emrt 
of  run  will  be  found  in  a  memoir  sent  to  the  R.  Acndemle  del  Lincei,  August 
25,  1913,  by  Q.  A.  Favaro,  entitled,  '*Sulle  correzlon  alle  letture  det  cerchll 
fifttte  col  micro8C<^io  micrometrico  (correzlon  di  run)." 

V.   INSTST7CTIONS  FOR  MEASUBING  THE  PLATES. 

The  operations  which  are  carried  out  in  the  measurement  of  the  photographic 
plates  are  as  follows : 
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1.  Orientation  of  the  p!ate.^n  is  customary  to  orient  along  the  x  axis;  that 
li^  In  such  a  manner  that  the  horizontal  line  on  the  plate  remains  between  the 
hcvisontal  lines  of  the  reticle  when  the  microscope  is  moved  horizontally  (Rep- 
sold  instrument).  The  position  of  the  miscroscope  may  be  corrected  by  mov- 
ing the  two  brass  disks  an  til  the  lines  of  the  net  are  exactly  between  the  two 
wires  to  the  left  and  below.  In  the  new  Toepfer  instrument  the  microscope 
is  fixed  and  the  plate  rack  is  moved  in  the  directions  x  or  y  as  is  convenient 

2.  Readingi  in  the  direct  poHtion.— In  this  position  the  plate  label  should 
be  on  the  side  toward  the  observer.  Ck)mmence  with  space  ^62,  or  at  the 
reading  203  on  the  special  scale  of  the  Repsold  machine.  The  carriage  for 
vertical  motion  is  set  nt  approximately  203  and  the  microscope  for  horizontal 
movement  at  the  reading  —62,  or  some  other  reading  corresponding  to  the 
center  of  the  first  square  which  contains  a  star  image.  The  two  screw  heads 
are  set  at  the  reading  2.54.  Then  the  coordinates  of  the  square,  taken  from 
the  horizontal  and  vertical  scales,  should  be  recorded. 

a  Screw  y  at  the  reading  10flOO,^MQke  two  settings  on  the  line  to  the  left 
with  direct  and  reverse  turns  of  the  screw  x, 

4.  Screw  w  at  the  reading  10,000. — ^Make  two  settings  on  the  line  below  with 
direct  and  reverse  turns  of  the  screw  y, 

5.  Setting$  on  the  star  images. — ^Make  settings  with  direct  motions  of  botir 
screws  upon  the  first  star  Image,  which  appears  to  the  left  and  below ;  second, 
a  direct  setting  upon  the  second  image,  to  the  right  and  above;  third,  a  reverse 
setting  on  the  second  image;  and,  fourth,  a  reverse  setting  upon  the  first 
image.  In  the  corners  of  the  plates,  where  the  images  appear  elongated,  one 
must  take  into  account  the  fringes  of  the  images  and  attempt  to  make  the  set- 
tings upon  the  blackest  part  of  the  image,  presumably  the  center  of  gravity  of 
the  disk. 

6.  To  estimate  the  magnitude  of  t?^  star  in  grades. — ^The  star  will  be  of  the 
6.5  magnitude  when  its  image  totally  fills  the  little  square  to  the  left  and  below, 
formed  by  the  wires  closest  together  in  the  reticle  of  the  microscope  (Repsold), 
and  magnitude  10.0  if  it  covers  that  which  follows  to  the  right  and  alM>ve. 
The  magnitude  should  be  determined  from  the  diameter  of  the  black  part  of 
the  disk,  without  the  gray  penumbra,  and,  in  imderexposed  disk,  according  ta 
tlie  degree  of  darkening  in  grades  of  8,  2,  or  1. 

7.  Screw  y  at  the  reading  10,000. — ^Make  two  settings  on  the  line  to  the  right 
with  direct  and  reverse  turns  of  the  screw  x ;  approximate  reading=17.46. 

&  Screw  X  at  the  reading  iO,000.— Make  two  settings  on  the  line  above  with 
direct  and  reverse  turns  of  the  screw  y,  approximately  reading=17.46. 

Tlie  carriage  is  then  moved  along  to  the  following  square  and  the  operations 
are  repeated  in  the  same  order.  The  next  row  is  reached  by  raising  the  frame 
Which  supports  the  plate.  On  finishing  a  row  the  microscope  is  returned  to  the 
extreme  negative  position  before  commencing  upon  the  next. 

VI.  THX  BXDUCTION  OF  THE  inCASTTBES  AND  THE  VOSMTTUB  FOB  THE  TRAlfSFOBUA- 
TION  FBOM  BECTIUNEAB  TO  BECTANGUUkB  COOBDINATES. 

The  reduction  of  the  measures  is  a  question  for  the  comprehension  of  which 
it  Is  not  easy  to  escape  analytical  and  mathematical  considerations.  However, 
we  believe  that  within  the  simple  expressions  which  follow  is  included  prac- 
tically all  the  numerical  mechanism  of  the  troublesome  operations  which  the 
eomputers  in  tliis  line  of  work  have  to  make.    These  expressions  are: 

X  direct  -ii^iz.-  E^±t 


Y  direct -iiWjL-  B^dbr 
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In  these  formulfe,  X  direct  and  Y  direct  represent  the  abscissa  and  ordinate 
of  the  star  referred  to  a  system  of  Ininginary  axes  passing  through  the  center 
of  the  square  in  which  the  star  is  located ;  It  and  Is  the  micrometer  readings 
on  tlie  lines  on  tho  left  and  right  sides  of  this  square,  made  with  screw  m: 
Vi  and  I'a.  the  micrometer  readings  upon  tlie  lines  above  and  below  the  square, 
made  witli  the  screw  y;  Es  the  reading  on  the  first  star  image  with  the  screw  w; 
Er  the  reading  on  the  same  image  with  the  screw  y;  and  r  the  tabular  correc- 
tion for  the  error  of  run.  By  an  analogous  proceeding  it  is  easy  to  obtain  the 
values  of  X  and  Y  for  the  Inverse  position  of  the  plate. 

A  special  table  gives  in  seconds  of  arc  the  values  of  the  coordinates  of  the 
<!enter  of  the  squares  with  respect  to  the  center  of  the  plate,  which,  added  to  the 
sum  of  the  values  of  X,  direct  and  inverse,  or  of  Y,  direct  and  inverse,  will  give 
the  rectilinear  coordinates  of  the  stars  with  respect  to  the  center  of  the  plate. 

The  explanation  of  the  transformation  from  rectilinear  to  equatorial  coordi- 
nates,  which  are  more  useful  to  astronomers,  is  not  so  simple.  The  reader  will 
find  noteworthy  memoirs  upon  this  subject  in  the  Bulletin  du  Comity  de  la 
Carte  du  Ciel,  among  which  are  those  by  the  French  astronomers,  Loewy  and 
Trepied,  ex-director  of  the  Argel  Observatory,  and  that  by  Prof.  Turner,  direc- 
tor of  the  Oxford  Observatory.  Good  formulae  have  been  contributed  recently 
also  by  T.  Lagarde,  head  of  the  computing  department  of  the  Paris  Observa- 
tory  and  former  employee  of  the  Santiago  Observatory,  and  A.  Porteau, 
^UBtronomer  in  the  Paris  Observatory. 

Our  present  director,  Don  Alt>erto  Obrecht,  has  likewise  prepared  some  form- 
olie  for  the  stars  of  the  zones  assigned  to  the  Santiago  Observatory — formulflB 
the  advantages  of  which  have  been  established  for  stars  on  consecutive  plates 
within  a  single  zone.  It  yet  remains,  however,  to  be  shown  that  they  are 
equally  good  for  the  correlation  of  plates  in  contiguous  zones.  The  formula  of 
Obrecht  for  the  differences  in  right  ascensions  between  the  stars  and  the  center 
t>f  the  plate  is : 

a-oo— x+/Sy+e 

where  x  is  the  at>scissa  of  the  star  expressed  in  difference  of  right  ascension 
from  the  center  of  the  plate ;  p  is  given  by  the  relation  /3=xtan  d ;  e  is  a  cor> 
Tective  term ;  and  y=Y-f  Y*tan  d.    For  differences  in  declination  the  formula  \ 


«— a#=Y±b+c, 
lehere  Y  is  the  ordinate  of  the  star  and  b  and  c  are  corrective  terms. 

▼n.  PRESKNT   8TATK  OF  THJC   WOBK  A88I0NKD  TO  THK  8ANT£ACX>  OBSEBVATOST. 

The  exact  state  of  our  work,  according  to  a  careful  Inventory  which  I  have 
'taken,  is  shown  in  the  following  table  of  catalogue  plates : 


Number  of  plata. 

Obtained. 

Measured 
and  re- 
duced. 

4Soiu>: 

-IT* 

180 
UO 
180 
180 
180 
180 
180 

119 
138 
129 
130 
132 
128 
117 

M 

-18* 

1 

^I9» 

-»• 

—ai* 

^22* 

w28» 
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While  a  fairly  large  proportion  of  the  plates  have  been  obtained,  very  little 
has  been  done  in  the  way  of  measuring  and  reducing  them.  As  soon  as  I  toolc 
charge  of  the  work  I  felt  that  it  was  necessary  lo  accelerate  this  part  of  the 
work.  With  this  in  view  I  have  installed  two  measuring  engines,  and  I  believe 
It  will  be  possible  to  measure  and  reduce  60  plates  per  year  in  place  of  13  per 
year,  as  has  been  done  up  to  the  present  time.  However,  60  plates  per  year 
can  not  be  considered  as  satisfactory,  as  at  that  rate  20  years  will  be  required 
solely  for  the  measurement  and  reductions  of  the  1,260  plates  of  the  first  cata- 
logue. If  we  allow  the  same  length  of  time  for  the  second  series  of  14^60  plates, 
there  will  be  required  20  years  more  of  incessant  labor ;  in  all,  40  years.  Id 
order  that  we  ourselves  may  complete  the  work  in  a  reasonable  length  of  time 
it  will  be  necessary  to  organize  a  department  for  the  measurement  of  photo- 
graphic plates  similar  to  those  organized  by  the  Paris  and  Oxford  Observatories, 
which  will  work  with  some  10  instruments  and  a  staff,  competent,  experienced, 
and  unchanging.  Without  this  all  ideas  of  an  early  completion  of  the  work  by 
us  are  mere  phantasies.  Fortunately  for  us,  there  seems  to  be  some  prospect 
of  having  a  part,  at  least,  of  our  plates  measured  elsewliere.  We  have  hitely 
received  a  letter  from  Prof.  Turner,  in  which  he  proposes  to  measure  some  of 
our  plates  in  the  zones  — 17*  to  —20*  at  the  Oxford  and  Hyderabad  observa- 
tories, and  we  have  found  his  proposal  quite  acceptable.  I  have  made  inquiries 
at  the  British  legation  in  Santiago  and  the  British  minister  has  given  me  every 
kind  of  facility  for  sending  the  plates  to  Oxford  through  the  offices  of  the  lega* 
tlon.  We  are  now  preparing  for  shipment  a  number  of  our  plates  in  the  zones 
— 19*  and  —20*. 

At  present  we  are  preparing  the  first  volume  of  our  photographic  catalogue^ 
which  will  contain  the  star  from  the  following  plates,  all  in  zone  —17* :  Nos, 
1,  2,  8.  5.  C.  11,  12,  32,  51,  62,  54,  55,  56,  58,  50,  61,  75.  76,  77.  78.  80,  81,  86,  87.  88, 
89,  and  90.  This  catalogue  will  be  published  in  more  complete  form  than  those 
of  the  other  observatories  in  that  along  with  the  rectilinear  coordinates  will 
be  given  the  equatorial  coordinates  of  the  stars  for  tlie  equinox  of  1900,  com- 
irated  by  means  of  the  simple  formula  of  Obrecht  given  in  the  preceding  chapter. 

Vm.  CONCLUSION. 

In  an  address  before  the  American  Association  for  the  Advancement  of 
Science  at  Atlanta,  Ga.,  in  December,  1913,  the  well-known  North  American 
astronomer.  Prof.  E.  O.  Pickering,  expressed  certain  criticisms  concerning  the 
work  on  the  Carte  du  Ciel,  the  pertinent  paragraph  of  which  is : 

The  great  work  on  the  chart  of  the  entire  sky,  undertaken  by  the  Parts 
Observatory,  in  cooperation  with  several  others,  is  a  sad  example  of  the  danger 
of  undertaking  a  work  on  too  large  a  scale.  Although  several  observatories 
have  been  continually  at  work  for  a  quarter  of  a  century,  it  has  been  preillcted 
that  at  least  50  years  must  elapse  before  it  is  completed,  and  no  positions  of 
any  southern  stars  have  yet  been  published. 

The  present  memoir  has  for  its  object  to  banish  in  part  the  bad  impression 
which  has  been  produced  in  North  America  by  the  criticism  of  Prof.  Pickering 
with  regard  to  the  work,  a  part  of  which  the  Astrographic  Congress  of  Paris 
saw  fit  to  intrust  to  our  observatory,  and  to  create  new  bonds  of  scientific 
cooperation  with  the  North  Americans  who  take  part  in  the  sessions  of  the 
Second  Pan  American  Scientific  Congress,  reminding  them  that.  Just  as  our 
observatory  directed  its  first  looks  at  the  beautiful  contellatlons  of  the  southern 
sky  through  the  telescope  of  Qillis,  to-day,  more  than  ever,  the  cooperation  of 
all  of  them  would  be  beneficial  to  us.    Thus  we  would  be  able  the  better  to 
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fulfill  those  hopes  so  well  expressed  by  the  FYench  minister  of  foreign  rela- 
tions, M.  Flourens,  when  he  said  at  the  Inau^ral  session  of  the  Paris  Astra- 
graphic  Congress : 

It  is  a  great  work  which  you  are  about  to  undertake  and  bring  to  a  success^ 
ful  conclusion,  thanlcs  to  the  enlightenment  which  you  bring  to  us  from  all 
parts  of  the  globe.  In  the  pursuit  of  this  work  you  will  have,  no  doubt,  the  sup- 
port of  all  the  Governments  which  to-day  are  animated  by  a  noble  emulation  for 
the  development  of  science.  In  any  event  the  help  of  the  Qovemraent  of  the 
French  Republic,  in  whose  name  I  have  the  honor  of  speaking,  is  assured. 

You  will,  in  cordial  and  fruitful  understanding,  lay  the  foundation  for  the 
construction  of  a  chart  of  the  heavens,  the  precision  of  which  will  much  exceed 
not  only  what  has  been  realized,  but  also  all  that  up  to  this  day  one  could  have 
dreamed  possibla  By  a  wonderful  application  of  photograpliy,  that  art  so  rich 
in  unforeseen  results,  you  will  direct  the  human  eye  into  depths  it  had  not 
been  thought  possible  to  penetrate  with  the  most  powerful  telescopes.  The 
number  of  stars,  unknown  to  us  now,  whose  existence  will  thus  be  revealed,  is 
Incalculable. 

It  will  be  for  your  names,  gentlemen,  an  everlasting  glory  to  have  brought 
your  precious  collaboration  to  the  inauguration  of  so  great  an  undertaking, 
and  the  day  of  tlie  opening  of  this  congress  will  mark  an  era  in  the  annals 
of  human  science.  We  enter  upon  a  new  age  in  physical  as  well  as  mathe- 
matical astronomy,  which  will  have  at  its  disposal  a  new  means  of  inves- 
tigation of  control  and  of  precision,  which  will  increase  in  indefinable  propor- 
tion the  facility  of  its  researches.  You  are  about  to  write  the  first  authentic 
page  of  the  transformations  and  modifications  of  cosmic  matter ;  in  other  words, 
of  the  history  of  the  universe  Itself. 
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The  following  papers  were  presented  by  the  writers  and  were  offi- 
cially received  and  inserted  in  the  program  at  the  time  of  the  con- 
gress. They  are  not  printed  in  the  Proceedings  of  the  Second  Pan 
American  Scientific  Congress,  owing  to  the  fact  that  they  do  not  con- 
form to  the  prescribed  divisions  of  subject  matter  to  be  treated  in  this 
congress: 

**  Moci6n  de  ref orma  panamericana  decimal  perpetua  tropical,''  by 
Rodolfo  Aguilar  Batres,  Guatemala  City,  Guatemala. 

'^Algunos  fen6menos  de  criptocroismo  en  luz  solar  ultra violeta  e 
inf ra-roja,"  by  Gustavo  Michaud  y  J.  Fidel  Trist&n,  San  Jos6,  Costa 
Sica. 

Session  adjourned  to  meet  Friday  morning,  December  81,  1915. 


Digitized  by  VjOOQIC 


SESSION  OF  SUBSECTION  B  OF  SECTION  11. 

Carnegie  Institution^ 
Wednesdo^  afternoon^  Deoember  £9, 1916. 

Chairman,  Chables  F.  Mabvin. 

The  meeting  was  called  to  order  at  2.30  o'clock  by  the  chairman. 

The  Chairman.  Before  we  take  up  the  regular  program  the  chair- 
man of  Section  II  has  some  announcements  to  make. 

Chairman  Woodward.  The  chairman  of  the  section  would  like  to 
announce  the  membership  of  the  committee  of  which  the  section  au- 
thorized the  appointment  at  the  first  session  of  yesterday.  It  will 
be  recalled  that  the  motion  authorizing  the  appointment  of  this  com- 
mittee was  to  the  effect  that  there  should  be  five  members,  of  whom 
the  chairman  of  the  sediion  should  be  one.  The  committee  will  con- 
sist, therefore,  of  the  chairman  of  the  section;  of  Prof.  Marvin,  rep- 
resenting the  United  States;  Prof.  Millds,  representing  the  West 
Indian  and  Central  American  countries;  of  Prof.  Clayton,  of  the 
Argentine  meteorological  service;  and  of  Senor  Luis  Morandi,  rep- 
resenting the  corresponding  meteorolo^cal  service  of  Uruguay. 

The  Chairman.  I  will  now  ask  for  the  paper  of  J.  F.  Voorhees, 
of  the  United  States  Weather  Bureau,  Knoxville,  Tenn.,  on  "  Climatic 
control  of  cropping  system  and  farm  operations.^ 

CLIMATIC  CONTROL  OP  CROPPING  SYSTEMS  AND  FARM 
OPERATIONS. 

By  J.  P.  VOORHEES, 
Meteorologist,  United  States  Weather  BureaUy  Knoxville,  Tenn. 

It  is  intended  to  confine  tbis  discnssion  to  the  broad  and  comparatively  un- 
changing features  of  climate  and  to  disregard  the  more  changeable  features  of 
weather.  This  is  necessary  in  a  study  of  this  character  because  weather  con* 
ditions  vary  so  greatly  from  year  to  year  that  the  plans  based  on  the  experience 
of  one  year  might  be  a  failure  forevar  after. 

The  average  conditions  of  t«nperature»  rainfall,  and  growing  season  at  a 
given  itece  for  a  long  period  of  years  will  be  found  to  be  almost  identical  with 
the  averages  for  any  similar  period  at  the  same  place. 

The  object  of  this  paper  is  to  prove  that  all  successful  cropping  systems  are. 
and  of  necessity  must  be,  based  on  climatic  conditiona  They  must  have  suffi- 
cient fleribility  to  allow  for  departures  from  average  conditions,  but  they  must 
have  the  average,  or,  in  the  case  of  rainfall,  something  below  the  average,  for 
a  foundation. 
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The  expression,  cropping  system,  as  used  here  does  not  refer  to  diTerslfied 
terming  as  agiiinst  growing  the  same  crop  year  after  yeor,  nor  to  crop  rotations, 
bat  has  referen<*e  only  to  the  number  of  crops  grow-n  successively  on  one  piece 
of  ground  in  one  year.  For  example,  we  mny  htt%'e  a  rotation  of  crops— com 
this  year,  siiriug  wlieiit  next  year,  and  oats  tlie  yenr  after;  but  If  we  grow  but 
one  of  these  crops  each  yenr  we  lm%'e  what  we  will  call  a  one-crop  system. 

If  we  are  able  to  grow  two  crops  each  year — a  winter  cover  crop  ami  a  sum- 
mer crop  of  some  kind — ^we  have  a  two-crop  system.  In  some  climates  there  is 
no  winter  and  the  number  of  successive  crops  that  can  be  grown  in  a  year  Is 
Iimite<I  only  by  the  length  of  time  required  by  each  crop.  In  such  a  climate  we 
would  be  using  a  continuous-crop  system.  Almost  any  rotation  may  be  used 
with  any  of  these  cropping  systems. 

Having  explained  the  usage  of  the  terms,  climate  and  cropping  system,  we 
are  now  to  discuss  climatic  control  of  cropping  systems.  There  are  two  kinds 
of  control — positive  control  and  negative  control.  Where  conditions  are  such  that 
a  certain  cn»p  is  prevented  from  growing  we  would  have  negative  control. 
r«>sitU*e  control  Implies  power  to  Impose  a  penalty  for  failure  to  do  a  certain 
thing.  Cliniote  has  that  power  and  says  to  the  farmer,  **  You  not  only  mny  but 
must  use  a  two-cn»p  system  where  conditions  are  such  as  to  make  a  two-cnip 
fi>'stem  possible.    Violation  of  this  rule  Is  always  followed  by  heavy  pennltlc^*^ 

While  each  of  the  many  elements  that  go  to  make  up  a  climate  has  Its  In- 
fluence on  crops  we  will  consider  only  three  at  this  time.  The  first  Is  rainfall, 
which  we  will  study  from  two  standpoints— amount  and  distribution. 

Each  crop  requires  a  definite  amount  of  water  to  enable  It  to  grow  and  reach 
.maturity.  This  amount  Is  dlfTerent  for  different  crops.  To  grow  a  crop  re- 
quiring 4  Inches  of  water,  a  rainfall  of  4  Inches  Is  necessary  plus  an  amount,  let 
us  say,  6  Inches,  that  will  be  lost  by  evaporation,  percolation,  and  surface 
drainage,  or  10  Inches  In  all. 

If  this  crop  Is  grown  for  several  years  It  will  be  found  that  It  Is  not  enough 
to  have  an  average  rainfall  of  10  Inches,  but  that  10  Inches  nmst  be  the  mini- 
mum. Therefore  the  crop  In  question  could  not  be  used  In  a  climate  having  a 
minimum  rainfall  of  less  than  10  Inches  during  Its  period  of  growth,  and  stime 
other  crop  requiring  less  water  must  be  used  In  Its  stead.  Again.  In  some 
localities  there  is  not  enough  rainfall  during  the  entire  year  to  grow  any  crop, 
and  we  must  conclude  that  the  amount  of  rainfall  Is  one  of  the  factors  exercis- 
ing negative  control  over  cropping  systems. 

Next  in  Importance  to  the  amount  of  rainfall  Is  Its  distribution  through 
the  year.  A  compnrnth'ely  small  amount  of  rainfall  distributed  evenly  through 
the  period  when  crops  are  growing  mny  be  of  far  greater  value  than  a  larger 
amount  coming  all  at  one  period.  In  many  regions  where  all  other  condi- 
tions are  favorable  and  where  there  is  ample  rainfall  to  keep  crops  growing 
all  the  year.  If  It  wore  properly  distributed,  we  find  that  all  the  rain  falls 
in  a  few  months  and  during  the  rest  of  the  year  nothing  Is  able  to  grow. 
Distribution  of  rainfall,  therefore,  also  exercises  a  negative  control  over  crop- 
ping systems. 

A  second  cllndatlc  factor,  which  is  also  a  negative  limiting  factor,  is  length 
of  growing  season.  By  growing  season  is  meant  that  period  during  which 
temperature  Is  high  enough  for  plants  to  grow.  The  growing  season  may  vary 
from  nothing  to  the  whole  year,  depending  upon  latitude  and  altitude. 

The  third  climatic  factor  to  be  mentioned  is  the  intensity  of  the  heat  Heat 
intensity  will  be  considered  In  its  effect  upon  crops  and  upon  certain  forms  of 
animal  life. 


Digitized  by  VjOOQIC 


ASTBONOMY,  METEOBOLOGY,  AND  SEISMOLOGY.  129^ 

That  heat  Intensity  has  a  marked  effect  on  the  length  of  time  reqnired 
for  certain  crops  to  mature  is  shown  by  studies  carrletl  on  by  the  writer  In 
cooperation  with  the  University  of  Tennessee  Agricultural  Experiment  Station 
ami  certain  stations  of  the  Weatlier  Bureau  of  the  Department  of  Agricul- 
ture. Tlie  crops  studie<l  were  three  varieties  of  soy  hetins  an«l  In«lian  corn  or 
malKe.  This  study  has  l)een  carrletl  on  for  a  perlocl  of  elglit  years  ami  covers 
a  territory  extemling  from  the  CSnIf  to  the  Great  I^ikes  ami  from  the  Athintle 
to  tlie  Uocky  Blountains.  Records  were  ke|>t  of  dates  of  planting,  emergence, 
blooming,  and  rliiening,  togetlier  with  the  dally  maximum  and  minimum  tern- 
penitures  ami  rainfall.  It  was  found  that  lietween  plantings  made  at  the^ 
annie  date,  hut  at  places  having  dilTerent  temperature  conditions,  there  was  a 
wide  difference  in  the  length  of  time  requireil  for  the  different  stages  of  growth. 
A  similar  difference  was  found  l)etween  plantings  made  at  different  dates  at 
tbe  same  place.  Tiiese  variations  were  always  In  the  same  direction,  hut  dif- 
ferent In  amount  It  appeare«1  tliat  the  higher  the  mean  temperature  the 
rtiorter  the  time  requireil  for  the  plant  to  reach  a  certain  stage.  The  impor- 
tance of  this  fact  can  l>e  reallzeil  only  when  we  consider  the  magnitude  of  the 
rarlatfons  in  question.  Take,  for  example,  the  manunoth  yellow  soy  liean.  In 
the  period  from  phiiiting  to  lihiomlng  there  was  founti  a  variation  of  Dl  days. 
The  minimum  periiNl  was  42  days  and  the  maximum  133  days.  The  varititlon 
was  more  than  twice  as  U>ng  as  the  shortest  period.  In  onler  to  get  w»me 
Idea  of  how  nmch  of  this  variation  was  due  to  variations  in  temperature  a 
correlation  tid)le  was  ma<1e  between  the  mean  temperature  and  the  length  of 
time  from  pliinting  to  l)liH)miug. 

There  ha<1  l)een  50  plantings  of  this  variety  of  beans.  The  correlation  coeffl* 
dent  was  —0.70,  with  a  probable  error  of  ±0.05.  This  coefficient  Is  in  times- 
tbe  probable  error  and  shows  a  marked  relationship.  Calculating  the  c«)eniclent 
of  regression  In  time  with  respect  to  temperature,  it  was  found  that  a  variation 
of  1*  in  temperature  should  cause  an  opposite  variation  of  4.15  days  in  the 
time  requireil  for  this  stage  of  their  growth. 

A  correlation  table  In^tween  moan  temperature  and  the  length  of  the  period 
fk^m  emergence  to  blooming  of  Indian  corn  at  Wauseon.  Oldo.  gives  a  coeffi- 
cient of  -H).70,  ±0.05.  In  this  case  the  variations  were  not  so  greiit  fn^  la 
the  case  of  the  nmmmotli  yellow  soy  l>eans.  but  the  correlation  Is  a  little- 
greater.  The  regression  coefllclent  shows  that  a  variation  of  1*  In  iii«»jm 
temperature  causes  an  opposite  variation  of  3.2  days.  A  similar  correlatlf>n 
was  found  for  plantings  made  at  widely  separateil  places.  The  correlation 
between  temperature  and  the  stage  from  lilooming  to  maturity  was  shnilar 
to  the  other,  but  somewhat  less  marked  for  both  the  soy  betms  and  the  corn. 

We  may,  therefore,  reasonably  assume  that  an  Increase  In  Intensity  of  heat 
decreases  the  length  of  time  required  for  plants  In  general  to  pass  through 
the  various  stages  of  growth.  It  is  not  assumed  that  variation  In  intensity  of 
beat  Is  the  only  factor  that  causes  variation  In  the  time  required  for  a  plant 
to  make  Its  growth ;  but  that  It  is  an  Important  factor  can  not  be  questloneil. 

The  influence  of  heat  Intensity  on  animal  life  was  brought  out  in  a  similar 
way  by  a  study  of  the  nonparasitic  stages  of  the  Texas  fever  cattle  tick.  Mar- 
garopus  Annulatus.  Using  the  data  on  the  length  of  incubation  perioil  at 
Dallas,  Tex.,  as  published  in  Bulletin  No.  72,  Bureau  of  Entomology,  by  W.  D. 
Hunter  and  W.  A.  Hooker,  and  temperature  data  from  the  records  of  the  local 
office  of  the  United  States  Weather  Bureau  at  Dallas,  a  correlation  table  was 
made.  The  coefllclent  of  correlation  was  —0.93,  which  Is  more  than  70  times 
the  probable  error  of  ±0.013.  This  would  indicate  that  the  length  of  the 
incubation  period  is  controlled  almost  entirely  by  heat  intensity.    The  t^n- 
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perature  control  of  the  length  ot  the  seed-tide  stage  is  almost  as  great  Again 
we  have  an  inverse  ratio,  and  tlie  more  intense  the  heat  the  shorter  the  non- 
parasitic stages  of  this  pest  Temperature,  therefore,  determines  the  length  of 
time  required  for  extermination  operations  and  helps  determine  the  hest  ttaae 
for  those  operations. 

Having  considered  the  three  climatic  factors— -rainfall,  length  of  growing  sea- 
aon,  and  heat  Intensity — we  will  now  take  up  a  few  combinations  of  these 
fiActors.  or.  in  other  words,  a  f^w  types  of  climate.  We  will  first  consider  the 
continual  crop  climate  or  a  climate  where  crops  can  be  grown  all  the  year  round. 
Such  a  climate  has,  first,  a  continual  growing  season  or  no  temperature  low 
enough  to  stop  the  growth  of  crops,  and,  second,  an  annual  rainfall  sufficient  in 
quantity  and  properly  distributed  through  the  year  to  keep  crops  growing  ail 
the  time.  These  two  factors  are  essential  to  this  type  oi  dimate,  while  beat 
intensity  is  only  a  modifier  which  determines  the  numl)er  of  crops  that  may  l>e 
grown  each  year  and  also  the  number  of  broods  of  various  insect  pests  that  must 
be  combated.  The  higher  the  temperature  the  shorter  the  period  that  each  crop 
will  require  and  greater  the  number  of  crops  that  may  be  grown. 

A  continuous-crop  climate  may  be  transformed  into  a  two-crop,  a  one-crop,  or 
a  no-crop  climate  by  varying  its  factors.  A  gradual  decrease  in  the  amount  of 
rainfall  would  at  a  certain  point  give  a  direct  transition  to  a  no-crop  dimate. 
A  change  in  distribution  of  rainfall  whereby  an  increasing  part  of  the  year  be- 
comes dry  while  the  remainder  has  suffident  rainfall  for  crop  growth  will  gradu- 
ally  reduce  the  number  of  crops  to  none.  A  decrease  in  length  of  growing  sea- 
son will  also  gradually  reduce  the  number  of  crops  that  can  be  grown  in  m 
^ear  to  zero. 

We  will  next  consider  the  one-crop  climate.  This  climate  probably  covers  a 
greater  area  than  any  other.  It  indudes  all  territory  having  a  growing  season 
of  less  than  200  days  and  also  a  large  territory  having  a  longer  growing  season 
but  a  short  rainy  season.  In  this  great  region  the  climatic  control  is  primarily 
negative.  Rainfall  or  growing  season,  or  both,  limit  us  to  one  crop  each  year. 
There  is  an  element  of  positive  control  also,  but  as  this  element  is  much  more 
marked  in  the  region  having  a  two-crop  climate  it  will  be  discussed  in  that 
connection. 

The  two-crop  climate  must  have  a  growing  season  of  200  days  or  more,  and 
probably  not  less  than  50  inches  of  rain  evenly  distributed  through  the  year. 

The  southeastern  portion  of  the  United  States  has  a  good  two-crop  dimate. 
There  is  very  little  preventive  control  here.  The  summers  are  long,  the  winters 
mild,  and  the  rainfall  is  abundant  and  well  distributed.  Almost  any  crop  will 
grow  in  one  part  of  the  year  or  another,  and  conditions  are  most  favorable  for 
the  growth  of  a  winter  and  a  summer  crop  each  year.  All  that  is  necessary 
Is  to  use  proper  tillage  methods  to  prevent  surface  drainage  and  conserve  the 
abundant  rainfall. 

We  have  seen  that  in  certain  regions  climate  has  said  to  man,  "  You  may  not 
grow  anything  here.'*  In  other  greal  r^ons  it  has  said,  "  You  may  grow  one 
crop  here,  but  no  more.*'  In  a  third  region  it  has  said,  "  You  may  grow  two 
crops,"  and  so  on.  All  this  is  merely  negative  control.  We  are  given  permis- 
sion to  go  thus  far  but  no  farther.  We  will  now  consider  the  positive  side  of 
climatic  control  and  endeavor  to  point  out  where  the  "must"  comes  in;  or, 
in  other  words,  what  we  must  do  and  why  we  must  do  it 

In  all  regions  we  must  grow  the  greatest  number  of  crops  possible ;  or,  to  put 
it  another  way,  we  must  keep  something  growing  on  the  ground  all  the  time 
that  conditions  are  favorable.  We  must  do  this  because  if  we  do  not,  our  farms 
will  be  taken  from  us.    The  case  is  exactly  comparable  with  the  parable  of 
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the  talents,  and  to  lilm  that  uses  his  farm  to  the  limit  shall  be  giyen  abundant 
crops,  while  from  him  that  uses  it  not  shall  l)e  taken  his  farm. 

How  is  the  farm  to  be  taken  away?  Not  ail  at  once,  of  course,  but  gradually, 
slowly  at  first,  but  with  steadily  increasing  rapidity.  The  first  thing  to  go 
will  be  available  nitrogen. 

Tills  statement  is  based  on  the  results  of  an  experiment  conducted  by  Prof. 
O.  A.  Blooers,  agronomist  of  the  University  of  Tennessee  Agricultural  Expert* 
ment  Station.  Four  kinds  of  soil  were  used,  and  the  experiment  covered  a 
pertod  of  five  years. 

It  was  found  that  the  average  loss  of  nitrogen  in  the  five  years  ftt>m  the 
four  soils  when  cropped  was  5.2  per  cent  In  every  case  the  amount  removed 
by  the  crop  was  greater  than  the  net  loss  to  the  soil  showing  that  under  crop 
conditions  the  soil  gains  nitrogen  from  some  source,  probably  the  air. 

On  the  uncropped  soil  the  average  loss  of  nitrogen  for  the  four  soils  for  the 
five  years  was  14.4  per  cent  or  nearly  three  times  the  loss  In  the  cropped  soil. 

The  next  thing  to  disappear  is  humus,  and  the  soil  soon  begins  to  bake,  and 
the  rain,  not  being  able  to  soak  in,  runs  off  on  the  surface  and  erosion  begins. 
After  that  the  story  is  a  short  one,  and  in  a  few  years  we  see  the  bare  knolls, 
gullied  hillsltles,  and  debris-covered  bottoms'  of  the  tj*pical  abandoned  farm. 
Thousands  of  such  farms  may  be  seen  in  this  great  cwo-crop  section.  The 
owners  have  been  driven  out  by  an  outraged  climate  because  they  refused  to 
use  the  bountiful  supply  of  heat  and  moisture  showered  upon  them.  It  is  the 
penalty  infiicted  by  nature  for  failure  to  adapt  our  cropping  system  to  climatic 
conditions.  This  is  not  a  question  of  theory  or  speculation,  for  it  has  been 
proved  ninny  times  by  those  who  have  bought  these  deserted  farms  and,  by 
proper  systems  of  cropping,  have  increased  their  productiveness  until  they  are 
better  than  they  were  before.  There  can  be  no  question  that  a  cropping  system 
which  can  reclaim  a  worn-out  farm  can  prevent  a  good  farm  ftrom  weartng  out 

In  conclusion,  it  Is  desired  to  emphashEe  four  points : 

First  Climate  demands  that  our  cropping  systems  be  so  planned  that  they 
make  use  of  ail  favorable  climatic  conditions. 

Second.  To  do  this  to  the  best  advantage  the  time  required  for  each  crop  to 
mature  under  any  given  conditions  must  be  known. 

Third.  The  effect  of  variations  in  heat  intensity  upon  the  various  stages  of 
the  life  history  of  insect  pests  should  also  be  known. 

Fourth.  This  is  not  a  problem  for  isolated  workers.  The  only  economical 
way  to  attack  it  and  the  only  way  we  can  hope  to  get  it  done  in  this  generation 
is  through  cooperation.  The  data  must  be  gathered  from  many  sources  as 
widely  distributed  as  possible  and  then  tabulated  at  some  central  point  In 
this  way  a  large  body  of  data  could  be  gathered  in  a  few  years  and  results 
obtained  that  would  be  hopelessly  beyond  the  reach  of  any  individual. 

The  Chaibman.  This  paper,  like  the  last  one  we  had  yesterday, 
illustrates  applied  meteorology  and  how  the  results  of  meteorological 
observations  can  be  used  to  economic  advantage  in  agriculture.  The 
paper  is  now  before  you  for  discussion. 

Mr.  Fassio.  I  would  like  to  ask  Mr.  Voorhees  what  is  his  method 
of  calculating  the  temperature  eflBciency,  and  whether  it  is  simply  the 
daily  mean,  or  did  he  allow  for  increased  activity  and  growth  with 
aliigher  temperature. 

Mr.  Voorhees.  So  far  I  have  only  used  the  daily  mean  tempera- 
tnre.  I  started  with  the  total  effective  temperature,  but  in  making 
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the  correlation  between  that  and  the  length  of  time  I  found  I  had  time 
on  both  sides,  and  I  cut  that  out  and  used  the  mean. 

Mr.  Fassig.  Some  experiments  were  conducted  in  Maryland  in  con- 
nection with  the  Maryland  weather  service,  by  Dr.  Livingston,  of 
Johns  Hopkins,  in  which  he  made  use  of  the  greater  activity  of 
growth  of  plants  in  connection  with  increased  temperature,  the 
growth  being  almost  doubled  with  every  18  degrees  increase  of  tem- 
perature. 

Mr.  J.  Warren  SnrrH.  Mr.  Chairman,  I  wish  to  commend  this 
paper  most  heartily  and  to  emphasize  the  fourth  recommendation, 
that  the  work  must  be  taken  up  in  cooperation  with  other  agencies. 
In  connection  with  the  correlation  between  the  length  of  time  for 
the  development  of  the  soy  bean  and  the  temperature,  I  should  like 
to  inquire  whether  that  was  all  at  one  place.  The  correlation  was 
made  for  com,  and  it  showed  the  effect  of  the  increased  temperature 
in  shortening  the  period.  Now,  was  the  soy  bean  correlation  made 
at  one  place,  or  is  it  true  that  you  compare  one  place  of  lesser  tem- 
perature with  another  region  of  higher  temperature  and  shorten  your 
period  in  that  way? 

Mr.  VooRHEES.  It  worked  both  ways.  We  had  more  plantings  at 
ICnoxville  than  anywhere  else.  We  had  early  and  late  plantings 
under  different  temperature  conditions.  Probably  three-fourths  of 
those  observations  were  taken  at  scattered  places,  as  far  north  as 
Duluth,  as  far  west  as  North  Platte,  east  to  the  coast,  and  south  nearly 
to  the  Gulf,  and  that  coefficient  of  0.76  was  made  up  from  60  of  those 
observations  scattered  throughout  this  section  of  country. 

I  might  say,  in  regard  to  com,  that  I  have  not  had  as  many  ob- 
servations, but  have  had  a  number  of  them  from  widely  distributed 
points.  I  did  not  have  as  many  data,  but  they  gave  a  similar  correla- 
tion. 

The  Chairman.  If  there  is  no  further  discussion,  I  will  announce 
the  next  paper,  "  The  climate  of  Cuba,''  by  Rev.  Mariano  Gutierrez- 
Lanza,  S.  J.,  subdirector  of  the  Observatory  of  the  College  of  Bel£n, 
of  Habana,  Cuba. 


EL  CUMA  DB  CUBA. 

Por  MARIANO  GUTlfiRREZ-LANZA  S.  J., 
8ubdirecU>r  del  Ob$ervaiorio  del  Colegio  de  Bet^^  Habana, 

Fu^  pensamlento  hondamente  arralgado  en  el  &nlino  del  Bar6n  Alejandro  de 
Humboldt,  Uamado  el  segundo  descubridor  de  America  por  sua  celeb^rrimos 
trabajos  con  que  la  dl6  a  conocer,  que  el  estudio  de  la  dlndmica  de  la  atmdsfera 
terrestre  con  sua  corrientes  generales,  sus  movimientos  regulares,  bus  centres 
prindpales  de  accl6n,  debfa  empezor  por  la  zona  tropical,  donde  se  halla  el 


Digitized  by  VjOOQIC 


A8TR0K0MY,  METEOBOLOGT,  AND  SEISMOLOGY.  138 

centro  primordial  de  sua  variaciones,  la  genesis  que  da  oHgen  y  mantiene  el 
moTimiento  de  esa  magna  clrculacidn  perenne  de  la  atm^sfera,  que  establece  el 
iDtercambio  de  los  Polos  con  el  Ecuador  y  del  Ecuador  con  todas  las  zonas  de 
la  tlerra. 

La  detarminacidn  de  las  leyes  que  regulan  en  nuestra  atm^sfera  la  distribu- 
cl6n  del  calor,  la  presi6n  barom^trlcft,  el  vapor  de  agua,  la  electricidad,  todo 
ello  en  relacl6n  con  los  movimientos  que  el  calor  solar  engendra  en  la  capa 
superficial,  sdlida,  Hquida  y  gaseosa,  es  un  problema  general  de  ffsica ;  pero  el 
ntimero  de  causas  perturbadoras  y  las  reacciones  de  unos  y  otros  fendmeuos,  de 
tal  manera  compUcan  el  desenvolvimiento  de  causas  y  efectos,  que  se  hacen  in- 
diq;)ensable8  numerosos  datos  de  experiencia  para  llegar  a  la  solucidn  de  los 
diferentes  problemas. 

De  aqu(  la  necesidad  de  escoger  puntos  de  observacidn  bien  distribuidos  en 
lugares  cientfficamente  estrat^cos,  para  explorar  el  modo  de  obrar  de  todos 
esos  agentes  Indlviduales  en  los  principales  centros  de  acci6n  generativa,  reunir 
series  largas  de  observaciones  regulares  que  nos  revelen  la  marcha  normal  de 
esos  fendmenos,  establecer  leyes  empfricas  para  cada  uno  de  los  factores  que 
Intervienen  mds  o  menos  eficazmente  en  la  vlda  de  ese  compllcadfsimo  organismo, 
y  asf  abordar  la  soluci6n  del  problema  fundamental  del  mecanismo  atmosf^ico. 
La  atmdsfera  terrestre  en  conjunto  es  una  mdquina  inmensa,  productora  de 
muchos  millones  de  caballos  de  fuerza  por  bora  y  por  mlnuto,  de  cuyo  trabajo 
d^;>ende  la  conservacldn  de  la  vida  universal  en  toda  la  tlerra.  Prescindamos 
ahora  de  su  acci6n  quimico-orgdnica  en  la  respiraci6n  animal  y  vegetal,  para 
fljarla  solamente  en  el  trabajo  mecdnico  que  realiza  en  el  trasporte  de  energfa 
del  Ecuador  a  los  Polos  y  de  los  Polos  ai  Ecuador,  dejando  en  su  camino  derlva- 
ciones  varlas,  conforme  a  las  necesidades  de  las  diversas  latitudes  Intermedias. 

Todo  este  inmenso  trabajo  lo  realiza  la  atm<3sfera  con  su  gran  movlraiento 
de  circulaci6n.  En  efecto,  el  aire  recalentado  en  las  zonas  ecuatoriales  se 
eleva  a  las  regiones  elevadas  de  la  atm6sfera  Uevando  consigo  grandes  canti- 
dades  de  calor,  que  trasporta  u  Ins  ri^giones  polares  e  intermedias  donde 
desdende  a  las  capas  inferiores,  entregando  el  calor  a  sus  habitantes  y  tomando 
cargamento  contrario  de  frio  intenso,  para  emprender  de  nuevo  viaje  al 
Ecuador  con  su  nueva  preciosa  carga  y  refrigerar  con  ella  aquellas  ardientes 
laUtudes. 

El  trabajo  desarrollado  por  esta  circulaci5n  general  del  aire  atmosf^ico 
es  inmenso  y  el  beneficio  incalculable,  pero  todavfa  ese  beneficio  es  insignifi- 
cante  comparado  con  el  que  representa  el  vapor  de  agua  que  acompafla,  disuelto 
en  el  aire,  a  esa  circulacidn  general.  El  aire  atmosf^rico,  llegado  de  altas 
•latitudes  trio  y  seco  a  las  regiones  tropicales  de  la  zona  tdrrida,  se  caldea 
en  ellas  por  la  accidn  intensa  de  un  sol  tropical  y  absorbe  enormes  cantidades 
de  vapor  de  agua,  procedente  de  la  evaporaci6n  intensa  en  la  superficie  de 
lo8  mares  ecuatoriales  donde  el  agua  estd  a  temperatura  elevada,  la  atm6sfera 
ealdeada  y  donde  los  vientos  continuos  traen  a  cada  instante  nuevas  masas 
de  aire,  que  se  elevan  provistas  de  la  preciosa  carga  para  dar  lugar  a  otras 
nuevas  que  van  Uegando  sin  cesar. 

La  cantidad  anual  de  vapor  de  agua  que  por  efecto  de  esta  evaporaci6n 
Be  eleva  de  la  superficie  de  las  aguas  en  las  zonas  tdrridas  intertropicales 
€8  verdaderamente  enorme.  De  ella  una  parte  vuelve  a  caer  en  forma  de 
Uuvias  locales,  que  no  alcanza  a  la  mitad  de  la  cantidad  evaporada.  Todo 
lo  restante  es  trasportado  por  las  corrientes  atmosf^ricas  en  estado  de  vapor 
a  m&B  elevadas  latitudes,  donde  se  condensa  de  nuevo  en  forma  de  lluvias 
y  nieves,  fertilizando  el  suelo  y  alimeutando  los  rfos  y  fnentes  de  Ins  regiones 
polares  e  intermedias  para  beneficio  general. 
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Ademas,  es  bien  sabldo  que  el  agua  al  pasar  al  estado  de  vapor  absorbe 
una  cantiUad  grande  de  calor,  que  conserva  Integra  en  estado  latente  por 
todo  el  tienipo  que  permanezca  en  ese  estado,  y  que  devuelve  tambi^n  Integra 
al  cambiar  de  estado  y  convertirse  en  liuvla  o  nieve. 

El  calor  absorbido  por  el  agua  en  esta  evaporaci6n  es  tan  considerable, 
que  podrfa  elevar  a  la  temperatura  de  ebullici6n  una  cantldad  de  agua  clnco 
veces  mayor  que  la  cantldad  de  agua  evaporada.  Asf  pues,  una  cantldad 
enonne  de  energfa  calorffica  es  trasportada  cada  afio  del  Ecuador  a  lot 
Polos  por  esta  grandiosa  mdquina  atmosfdrlca. 

Vn  cdlculo  sencillo  podrfa  dar  idea  de  la  cantldad  de  vapor  y  de  energfa 
trasportada  anualmente.  Se  admlte  el  valor  de  5  metros  como  el  espesor  de 
agua  evaporada  cada  afio,  como  promedlo  para  las  zonas  t6rridas  intertropl- 
cales,  y  asimlsmo  el  promedlo  de  2  metros  para  cantldad  de  liuvla  cafda. 
Queda  una  capa  de  3  metros  de  espesor  que  convertlda  en  vapor  es  trasportada 
a  mds  elevadas  latitudes.  La  extension  de  la  superficie  de  evaporacl6n  en 
esas  zonas  t6rridas  se  evaltla  aproximadamente  en  7  mlllones  de  mlllas  geo* 
grdficas  cuadradas.  Puestos  estos  antecedentes,  el  volumen  total  de  agua 
evaporada  alcanza  setecientos  velntlun  trillones  de  metros  ctlblcos.  Dos 
quintas  partes  de  esta  fabulosa  suma  se  gostan  en  las  mismas  regiones 
ecuatorlales  en  nubes  y  lluvlas  para  beneficio  de  las  mismas,  pero  las  tres 
quintas  partes  restantes  son  llevadas  por  las  corrientes  atmosf^ricas  a  las 
regiones  polares  e  intermedias  con  Incalculable  beneficio  para  ellas.  La  cantl- 
dad de  calor  latente  trasportada  cada  afio  por  esta  masa  de  vapor  de  agua  de 
la  zona  t6rrida  a  mi&s  elevadas  latitudes  bastarfa  para  fundir,  dice  el  iiustre 
P.  Secchi,  6  mlllones  de  millas  geogr&ficas  ctlbicas  de  hlerro. 

Tal  es  la  inmensa  cantidad  de  calor  que  cada  afio  viaja  de  rlguroso  incognito 
del  Ecuador  a  los  Polos,  pasando  por  las  regiones  intermedias  sin  ser  aperci- 
bidas  ni  aun  sospechadas  por  el  hombre.  Este  intercamblo  calorffico  entre  las 
regiones  ecuatorlales  y  polares  es  igualmente  ventajoso,  y  mds  que  ventajoss 
indispensable  para  ambas  regiones  para  mitlgar  los  rigores  de  sus  climas  res- 
pectivos,  que  de  otro  modo  ser  fan  inhabi  tables.  Si  no  fuera  por  ^1,  la  zona 
t6rrlda  tendrfa  una  atm6sfera  de  fuego,  y  las  regiones  polares  estarfan  eterna- 
mente  heladas,  siendo  en  una  y  otras  imposible  la  vida. 

He  aquf  la  grandiosa  raftquina  que  toca  estudiar  a  la  meteorologfa.  para 
cuyo  estudio  fundamental  y  de  con  Junto  se  necesitan  series  de  observadones, 
lo  mds  largas  y  completas  que  sea  posible,  en  puntos  clentfflcamente  estrat^ 
gicos,  para  la  exploraci6n  de  las  fases  crfticas  de  esa  circulaci6n  general 
Uno  de  esos  puntos  estrat^gicos,  expone  Humboldt  en  su  ensayo  Politico  de 
Cuba,  es  la  Habana  por  hallarse  precisamente  en  los  bordes  de  esa  zona 
tropical,  generadora  de  todos  los  grandes  movimlentos  de  la  mdquina  atmos- 
f^rica :  y  la  obra  de  reunir  esa  serie  de  observadones,  lo  mds  completa  posible 
'  y  larga  ya  de  58  afios,  la  ha  realizado  el  Observatorio  del  Coleglo  de  Bel^n. 

No  obstante,  el  clima  de  la  Habana  estaba  aun  por  estudiar  y  sus  constnntes 
estaban  igualmente  por  determinar.  Exlstfa  si  esa  rica  coleccl6n  homog^nes 
de  observaciones  bihorarias  completfslmas  que  hoy  abarca  un  perfodo  de  58 
afios;  pero  no  se  habfa  eraprendido  afin  el  trabajo  de  utlllzar  tan  rlco  arsenal 
meteorol6gico  para  determinar  el  clima  de  la  Habana  en  el  conjunto  de  los 
agentes  atmosf^ricos  que  lo.  constituyen.  Elste  trabajo  es  el  que  hemos  procu- 
rado  desarroilar  en  estos  renglones  cuanto  la  cortedad  del  tiempo  nos  lo  ha 
permitido  para  presentarlo  a  la  consideraci6n  del  Segundo  Gongreso  Clentffico 
Pan-Americano,  de  cuya  benevolenda  esperamos  disimule  las  muchas  de- 
flciencias,  en  parte  debidas  a  la  premura  del  tiempo  en  que  ha  sido  preparado. 
f*or  este  mismo  motlvo  princlpalmente,  en  la  mayor  parte  de  los  elementos 
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cUmatoldgicos  no  hemos  tenido  en  cuenta  para  la  construccidn  de  las  Tablas 
todo  el  perlodo  de  alios  que  abarca  la  serie  de  obsen-aciones  del  Observntorio. 
Todas  sin  embargo  comprenden  un  perfodo  suficlentemente  largo  para  dar 
resultados  completameute  fidedlgnos.  que  represeuten  el  verdadero  valor  de  las 
constantes  cllmatol^glcas  para  la  dudad  de  la  Uabana.  Las  Tablas  relatlvas 
al  resto  de  la  Lsla  dlstan  muclio  de  nierecenios  la  misma  confianza,  y  solo  las 
presentamos  con  cardcter  de  yalores  aproxlmados. 

1NTBODUCC16N. 

La  lsla  de  Cuba,  la  mayor  entre  todas  las  Antillas,  forma  parte  del  gran 
archlpi^lago  antillano  que  se  extiende  por  toda  la  inmensa  bahfa  centro- 
americona,  y  derra  las  aguas  del  proceloso  mar  Caribe  por  su  zona  noroeste 
y  mAs  septentrional.  Es  una  lengua  de  tierra,  larga  y  estrecba,  cuya  base  mfts 
ancha  se  apoya  en  el  Caribe,  se  tiende  en  una  direcci6n  del  sureste  al  noroeste, 
encor\'dndose  en  su  porddn  occidental  al  oeste  y  sudoeste  a  medlda  que  se  ra 
estrechando  y  temiina  en  afilada  puuta  en  la  boca  misma  del  Golfo  de  Mexico 
Ti^ilando  sus  dos  canales  de  entrada  de  norte  y  sur. 

La  Hnea  recta  entre  Punta  Maisf  y  el  Cabo  de  San  Antonio  mide  una  longltud 
de  poco  mfts  de  220  leguas  marinas  y  su  mayor  anchura  es  de  36  leguas. 

La  conflguracl6n  de  su  suelo  estft  formada  de  tlerras  bajas,  lianas  o  ligera- 
mente  onduladas  en  tres  cuartas  partes  de  su  superflcie,  levantftndose  casi  a 
todo  lo  largo  de  la  lsla  una  loma  apenas  sensible,  cuya  elevnci6n  media  oscila 
entre  80  y  120  metros  sobre  el  nivel  del  mar.  y  cuyas  vertientes  derraman 
BUB  aguas  casi  por  igual  en  el  Caribe  y  el  Atlftntico  en  cauces  que  corren 
perpendicularcs  al  eje  de  la  loma  central,  si  exceptunmos  algunos  pocos,  entre 
los  cuales  se  cuenta  el  Rio  Cauto,  el  mfts  caudaloso  de  la  lsla  en  la  regi6n 
oriental,  que  corre  de  este  a  oeste. 

Tres  slstemas  montafiosos  principales  existen  en  la  lsla  de  Cuba.  £1  primero 
y  mfts  importante  surge  en  su  extremo  oriental  desde  Punta  Maisf  a  Cabo 
Cruz  con  ramificaclones  secundnrias  por  el  norte  de  la  provinda.  Adqulere  su 
elevaddn  mftxima  en  Sierra  Maestra  cuyo  Pico  Turquino  alcanza  una  altura 
de  Z339  metros  sobre  el  nivel  del  mar.  Es  el  punto  mfts  elevado  de  la  lsla,  y 
desde  su  cunibre  se  divlsan  en  dfas  claros  las  Blontafias  Azules  de  Jamaica  y 
tambi^n  las  de  la  lsla  de  Santo  Domingo.  El  segundo  empleza  al  oeste  de 
Sancti  Spfritus  y  termlna  en  las  cercanfas  de  Clenfuegos,  alcanzando  su  altura 
mftxima  de  964  metros  sobre  el  nivel  del  mar  en  el  Pico  de  Potrerlllo.  El 
tercero  ocupa  el  extremo  occidental  de  la  lsla,  desde  cerca  de  Guanajay  hasta 
las  ensenadas  de  Cort^  y  Guadiana.  Su  cumbre  mfts  elevada  es  el  Pan  de 
OuaJalb6n  a  760  metros  sobre  el  nivel  del  mar.  Fuera  de  estas  tres  cadenas 
montaflosas,  la  planide  baja  y  ondulada,  que  caracteriza  el  suelo  de  Cuba,  se 
balla  interrumpida  acft  y  allft  por  algunas  otras  lomas  de  escasa  extension 
y  altura. 

Ocupa  la  lsla  de  Cuba  una  posid6n  geogrftflca  situada  dentro  de  los  Tr6- 
picos,  si  bien  frlsando  con  la  Hnea  que  limita  la  zona  tropical  del  Hemisferio 
norte.  Hftllase  comprendida  entre  los  grades  lO"*  48'  80'',  y  28''  12'  45" 
Lat  Norte;  y  74*  2'  40"  y  85*  50'  26"  Long.  W.  de  Greenwich.  Sus  costas 
cstftn  bafiadas  por  las  aguas  cftlldas  de  la  Corrlente  Ecuatorial,  espedalmente 
su  parte  oeste  donde  intensa  corriente  del  Golfo  bordea  la  lsla  sigulendo  la 
costa,  tanto  por  el  Caribe  como  por  el  Golfo,  hasta  doblar  al  norte  ya  mfts 
al  este  de  la  Habana  con  rumbo  al  Canal  de  la  Florida. 

Esta  corriente  cftlida,  sin  embargo,  no  se  arrima  enteramente  a  tierra. 
Entre  esta  y  aquella  fluye  otra  corriente  frfa  en  direcci6n  opuesta,  procedento 
de  la  corriente  polar  que  desciende  a  todo  lo  largo  de  la  costa  oriental  de  los 
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£8tDdos  Unidos,  8e  sumerge  al  extreme  sor  de  la  Florida,  y  pasando  por  debajo 
de  la  Ck>rriente  del  Golfo  reaparece  en  las  costas  de  Cuba  algo  mds  al  este 
de  la  Habana.  De  aquC  se  dirige  hacia  el  oeste,  slgiie  la  Knea  costera  del 
Golfo  y  dobia  por  la  del  Garibe,  lamlendo  slemprc  los  arrecifes  de  la  orilla 
y  adqulrlendo  en  algunas  partes  intensldad  pellgrosa  para  la  navegaci6n. 
Algunos  accidentes  marftimos  ocurridos  en  las  proxlmldades  de  la  Bahla 
de  Oorrientes  se  atribuyen  a  esta  causa,  por  no  haber  contado  con  ella  en 
las  maniobras  de  las  embarcaclones. 

Debe  tambidn  tenerse  en  cuenta  para  el  estudlo  del  cllma  de  Cuba,  que  la 
Isla  est&  enclavada  en  la  region  de  los  Vlentos  Alfslos  del  hemisferio  norte  j 
orlentada  en  la  direcci6n  mds  favorable  a  experimentar  el  mayor  beneficio. 

DAT08  CLIMATOL60ICO8.  * 

Las  colecciones  de  dates  estadfsticos  de  observadones  en  Cuba  son  escasas 
y  de  corta  duraci6n  si  exceptuamos  la  ciudad  de  la  Habana. 

Fuera  de  esta  capital  las  prlmeras  obserraciones  meteorol6glcas  hechas  en 
Cuba  (de  que  hay  memoria)  datan  de  1796,  practicadas  en  Ubajay  por  An- 
tonio Robledo  durante  cuatro  aflos  1796-1799,  y  se  refieren  solo  a  la  temperatura. 
En  1819  un  observador  desconocido  hizo  observnciones  del  termdmetro  en 
Guanabaci>a  durante  un  afio  segtkn  refiere  Dove.  En  Matanzas  se  hicleron  por 
A.  Mallory  dos  aflos  1882  y  1835  observadones  coropletas  de  presi5n,  tempera- 
tura, huniodnd,  Uuvia,  viento  y  estado  del  cielo.  Aflo  y  medio  de  observadones 
en  las  minus  de  San  Fernando  eu  1839  y  1840,  y  10  aflos  en  las  mlnas  de  hierro 
de  Flrmeza  1888-1898  fueron  practicadas  por  John  Blake  y  H.  Yates.  En  Fir- 
meza  probablemente  ban  seguido  las  observadones  hasta  el  presente.  En  Santia- 
go de  Cuba  el  Sefior  Benito  Riera  en  1865  emprendi6  una  serie  de  observa- 
dones en  el  Instituto  de  Segunda  Ensefianza,  que  dl6  a  la  publicidad  en  re- 
stlmenes  mensuales  en  la  prensa  local  y  el  resumen  anual  en  el  Anuarlo  del 
Liceo  de  Matanzas,  segiin  testlmonlo  del  Dr.  Eduardo  Pld  en  la  Revlsta 
Bimestre  Cubana.  No  se  dice  la  duraci6n  de  dichas  observadones.  En  esta 
mlsma  ciudad  el  Sefior  Roberto  Mas6n  verlfic6  observaciones  meteoroldgicas 
durante  cuatro  alios  discontinues  entre  1874  y  1882. 

En  Matanzas  el  Sr.  Luis  Simpson  fundd  una  estacldn  meteoro16gica  en  1878, 
publlcando  dlarlamente  sus  observaciones  en  el  **  Dlarlo  de  Matanzas."  A  la 
muerte  del  fundador  acaecida  en  1890  continu6  las  observadones  el  Sr.  Juan 
F  Bhulgas  hasta  1895  en  que  fu^  trasladado  el  Observatorlo  al  Instituto  de 
Segunda  Ensefianza.  El  Sr.  Eduardo  PIA  de  quien  tomamos  estos  datos  no 
nos  dice  cuanto  dur6  la  publlcacWn  de  dichas  observadones,  ni  si  existe  esa 
coleccl6n  edltada  o  In^lta. 

En  los  tlempos  modemes,  durante  la  primera  intervenddn  de  los  Estados 
Unidos  en  Cuba,  se  empezaron  a  recoger  las  observaciones  de  buen  ntUnero 
de  estadones  en  toda  la  Isla,  unas  ya  exlstentes,  otras  de  nueva  cread5n, 
que  ban  ido  en  aumento  hasta  alcanzar  en  la  actualldad  unas  60  estadones. 
En  todas  se  recogen  los  datos  de  temperatura,  lluvla,  estado  del  cielo  y 
direccidn  dominante  del  vienta  Afiadiendo  en  las  capltales  de  provinda  y 
algunas  otras  estadones  contadas  la  presl6n  atmosf^rica.  Todos  estos  datos  se 
publican  mensualmente  en  el  Boletfn  de  la  Secretarfa  de  Agricultura  recogldoe 
y  ordenados  por  el  Observatorlo  Nacional  bajo  la  direcddn  del  Sr.  Luis 
Garcia  y  CarbonelL  En  Santa  Clara  viene  fundonande  un  Observatorlo  de 
cardder  privado  desde  1894  que  es  de  la  propiedad  del  Sr.  Julio  Jover,  cuyas 
observadones  no  sabemos  que  hayan  side  editadas. 

Finalmente,  el  Colegle  de  Ntra.  Sra.  de  Montserrat  de  la  Oompafiia  de 
Jestls  en  Cienfaegos,  que  venfa  desde  muchoe  afios  atrfts  hadende  observa- 
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dones  en  la  4poca  de  los  huracanes,  como  estaci6n  de  la  red  establecida  por 
el  Observatorio  del  Goleglo  de  Beldn  para  el  servlclo  de  prediccldn  de  eson 
meteoros,  en  1910  lnaugur6  un  observatorio  meteorol6gico  de  primera  claae 
oon  surtldo  completo  de  aparatos  registradores  y  de  lectura  dlrecta  en  local 
magnfficamente  adecuado  bajo  la  direcci6n  del  P.  Slmdn  Sarasola  S.  J. 
Haoe  diarlamente  8  observaclones  o  lecturas  dlrectas  de  todos  los  instrumentos, 
y  publlea  anualmente  el  resultado  en  anuarlo  elegante  y  completo;  lleva 
coatro  afios  hablendo  empezado  su  publlcacidn  con  el  alio  de  1911. 

Entre  las  observaclones  practicadas  en  la  Isla  fuera  de  la  Capital,  deben 
sefialarse  las  llevadas  a  cabo  por  el  servlclo  de  huracanes  organlzado  por  el 
Observatorio  del  Colegio  de  Bel^n.  Estas  observaclones  no  son  regulareu 
y  diarias,  sino  relaclonadas  con  la  marcha  de  los  cidones  tropicales,  y  solo 
cuando  estos  se  hacfan  sentir  en  la  Isla  o  sus  inniedladones.  De  estas  observa- 
clones se  conserva  en  el  Observatorio  de  Bel6n  una  preclosa  colecd6n  manus- 
crita,  en  su  mayor  parte  In^ita.  La  red  del  servlclo  dcl6nico  no  empe26 
a  fundonar  hasta  1877,  pero  exlsten  ya  abundantes  datos  desde  1875.  Esta- 
dones  eran  todos  los  barcos  de  guerra  surtos  en  puertos  de  Cuba  o  navegando 
por  sus  aguas,  y  gran  ndmero  de  observadores  voluntaries,  entre  los  cuales 
se  contd  casl  desde  su  prindpio  el  C6nsul  General  de  Inglaterra  en  Santiago 
de  Cuba,  el  Sr.  F.  W.  Ramsden,  y  luego  el  Sr.  Roberto  Mas6n,  que  le  sucediO 
en  el  cargo.  Hoy  tiene  este  servicio  unas  20  estaciones  propias  en  toda  la 
Isla  provlstas  de  Instrumentos  proporclonados  por  el  observatorio,  algunas  de 
ellas  con  instrumentos  registradores. 

En  la  Habana  las  observaclones  mds  antlguas  de  que  hay  memoria  se  re- 
montan  a  1794  practicadas  por  un  observador  desconocido  y  conservadas  por 
Ram5n  de  la  Sagra  en  su  Historla  Ffsica  de  Cuba.  Son  de  muy  dudoso  valor. 
El  Sefior  Antonio  Robledo  hizo  observaclones  cuatro  afios  discontinues  entre 
1800  y  1807  y  Jos^  Ferrer  tres  afios  (1810-1812),  ambos  solamente  de  la  tempera- 
tura,  mientras  Miguel  Arambarri  nos  ofrece  los  datos  de  lluvia  de  dnco  afios 
(1811-1815).  Una  serie  de  siete  afios  de  la  primera  parte  del  siglo  pasado 
(1825-1831),  muy  valiosa  por  lo  condenzuda  y  completa,  y  por  la  competenda 
del  observador,  se  la  debemos  a  Dn.  Ram6n  de  la  Sagra.  La  estacidn  fu^ 
erigida  en  el  Jardfn  BotAnico  fuera  del  recinto  de  la  dudad  y  en  excelente 
condid6n  para  la  observacidn. 

Otro  observador  de  1838  a  1840,  el  Dr.  Vicente  A.  de  Castro  publicd  sus  re> 
sultados  interesantes  en  la  Cartera  Cubana,  que  puede  consultarse  en  la  Biblio- 
teca  Nadonal.  Aparecen  sin  flrmas,  pero  por  referendas  fldedignas  se  atri- 
buyen  al  citado  autor. 

Ob$ervatorio  de  Dn.  Andres  Poey. — Durante  1849  hizo  el  Sr.  Poey  algunas 
observadones  que  refiere  La  Sagra.  En  Julio  de  1850  levants  un  observatorio 
particular  cuyos  datos  publicd  en  la  prensa  diaria,  son  muy  completes  y  dur6 
su  publicad^n  desde  el  17  de  Julio  de  1850  hasta  el  3  de  agosto  de  1851.  Loe 
tres  dfas  consecutivos,  del  3  al  6  de  febrero  de  1851,  hizo  observaddn  cada  hora, 
dia  y  noche,  ayudado  del  Sr.  Jos^  Figueroa. 

Ob9ervatorio  FUioo  Meiedricor^'EvL  1862  por  iniciativa  de  la  Sodedad  de 
Amigos  del  Pate  fund5  el  Ck)blemo  Superior  de  la  Isla  un  observatorio 
bien  dotado  en  la  Habana,  y  puso  al  frente  del  mismo  al  conoddo  hombre 
de  dencia  Sr.  Andres  Poey.  Se  instal6  en  la  misma  casa  de  la  Sodedad  de 
Amigos  del  Pate  con  un  surtido  completteimo  de  instrumentos,  si  blen  el  local 
dejaba  no  poco  que  desear.  Las  observadones  empesaron  en  primero  de 
enero  de  1802,  y  contlnuaron  hasta  1809  en  que  ces6  Poey,  y  se  confl6  el 
Observatorio  a  la  Escuela  Preparatoria  de  la  Universidad  a  cargo  de  uno  de 
los  eatedr&ticos  como  labor  accesoria.  Bl  primero  y  tUiico  anuarlo  que  publicd 
^  Observatorio  Fteico  Mete6rico  de  la  Habana  vi6  la  lus  en  1809  con  las  ob- 
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servaciones  de  1862.  Descle  mayo  de  1862  aparecen  las  observadones  en  ^ 
peri6dico  la  **  Gnceta  de  la  Habnna  '*  finuadas  por  Poey  hasta  el  6  de  Julio  de 
1864.  La  colecci6n  continue  hasta  el  6  de  Julio  de  1865  que  public5  las  corres- 
pondientes  al  28  de  mayo  y  son  las  tlltiDias  pubilcadas  que  sepamos. 

En  los  Anales  de  la  Acadeuiia  de  Cieiic-ias  de  la  llabaiia  vieron  la  lux  rest!- 
menes  mensuales  de  varios  aAos.  Nada  mds  public^,  que  sepamos,  el  Observa- 
torio  Ffsico  Mete<)rico.  De  ios  origimiles  del  registro  diarlo  no  hemos  pudldo 
hallar  rastro  alguna 

Otro  oliHervatorio  particular  fundado  por  el  Dr.  Carlos  Theye  en  su  propio 
domlcllio  y  con  muy  buen  surtido  de  instrumentos,  aun  registradores,  funciou6 
desde  1881  a  1890.    Solo  la  preusa  local  public^  en  parte  sus  resultados. 

Al  establecerse  la  primera  iutervenci6n  de  los  Estados  Unldos  en  Cuba  ea 
1809  se  cre6  una  Oficiua  Central  Meteorol6gica  que  mAs  tarde  tom6  el  nombre 
de  (>l»Mervatorio  Nadonal  con  estaciones  subaltemas  en  provlndas  y  buen 
ntiinero  de  observatlores  voluntartos.  Este  servlcio  vlene  haclendo  destle  su 
fundaei^n  vaiioso  acopio  de  datos  de  toda  la  Isla  y  en  particular  de  la  Habana. 

Fliiniineiite  r^tanos  liablar  de  la  serie  de  observadones  hechas  en  el  Observa- 
torio  del  Oile^lo  de  Helen  que  coniprenilen  un  perfodo  no  interniiupido  de 
cerca  ya  de  58  afios,  desde  el  1*  de  niarzo  de  IS.IS  hasta  nuestros  dfas.  Alas 
conio  las  tablas  y  curvas  que  acf»ni|>ainan  este  trabajo.  est  An  basadas  en  esa  serle 
m&a  que  semlsecular  de  observadones,  creemos  nec^arlo  cxponer  en  pArrafo 
aparte  loe  pormeuores  mds  Impurtautes  para  el  pleuo  conodmleuto  del  peso  y 
▼alor  de  las  mismas. 

OBSERVATOBIO  DEL  COLBGIO  DB  BEL£n. 

El  Observatorio  del  Coleglo  de  Bel^n  estd  endavado  dentro  del  casco  de  la 
dudad  antigua  de  la  Ilabana  y  bastante  c^ntrlco  en  su  rednto  Intramuros. 
Sus  coordenadas  geogrdflcas  son:  23"*  8'  14^.5  Lat  N.  y  82''  21'  18"  Long. 
W.  de  Greenwich. 

Sobre  la  fachada  principal  del  Coleglo,  que  mira  al  este  y  que  ocupa  la 
manzana  entera  con  s61ida  construcd^n  de  dos  plsos  de  gran  puntai,  se 
levant6  en  1857  el  observatorio  en  un  cuerpo  de  eillfido  aislado  por  todos  lados 
y  dominando  un  vasto  horizonte.  Ningdn  otro  edlfido  alcanzaba  su  altura 
en  los  alrededores,  que  pu<liera  estorbar  la  libre  drculacldn  de  las  corrlentes  y 
Tldar  el  valor  de  las  observadones.  S61o  la  torre  de  la  iglesia  a  unos  50 
metros  de  dlstanda  se  levantaba  sobre  el  observatorio. 

En  este  local  construfdo  expresamente  a  ese  fin  y  terminado  a  prindplos 
de  ISTiS  se  instalaron  dos  ban'anetros  sistema  Fortin,  uno  de  gran  modelo  y 
otro  de  niediano  modelo;  un  pslcrdmetro  de  August  con  term6metro6  seco  y 
hdnie<l<> ;  term6metros  de  m&xima  y  minima ;  hlgrdmetros  de  cabello,  de 
cuadrante  y  de  Babinet;  una  veleta,  que  llevaba  marcados  los  rumbos,  fa6 
colmiKla  sobre  el  teclio  del  Observatorio,  con  anem6metros  de  Woltmann  y 
Ccanbes,  un  pluvi6nietro  circular  de  dos  metros  de  didmetro.  Otro  Juego  de 
ternionietros  fu^  colocado  en  la  torre  de  la  iglesia  a  una  altura  de  32.67  m. 
sobre  el  nlvel  del  mar,  y  27.3  m.  sobre  el  nlvel  de  la  acera.  La  cubeta  del 
baronietro  y  los  terni6metros  del  Observatorio  quedaron  instalados  a  19.3  m. 
sobre  el  nlvel  del  mar  y  14  m.  sobre  la  acera  de  la  calle.  Las  observadones 
regulares  comenzaron  el  1*  de  marzo  de  1858  para  no  Interrumplrse  un 
solo  dfa  hasta  la  fecha  actual. 

En  el  aHo  1862  se  ensanch5  el  edlfido  del  observatorio  con  un  nuevo  departa- 
mento  para  montar  los  aparatos  magn^tlcos  decllndmetro,  magnetdmetro  Blfilar 
y  de  Balanza,  y  en  el  hueco  de  pared  de  una  ventana  del  mlsmo,  que  daba  al 
norte  sobre  un  tejado  cercano  fueron  Instalados  los  term6metros  seco  y  hdmedo 
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jr  los  de  m&xima  y  mfnima,  protegidos  de  la  inflnencia  interior  por  doble  ven- 
tana  de  persianas  y  de  crista!,  y  de  la  acci5n  directa  solar  por  otra  persiana 
ixterior.    Esta  dispoKlcidn  resultaba  algo  defectuosa. 

En  1873  adquirl6  el  Observntorlo  el  Meteordgrafo  del  P.  Secchi,  que  habia 
tfdo  presentado  en  la  ExposicI6n  de  Paris  en  1868  y  qne  alcanzd  en  ella  el 
mayor  preniio.  Qued6  instsilutlo  en  mayo  de  ese  mismo  aflo  y  aun  sigue 
fnneionando  el  dia  de  hoy  con  la  mayor  rejnilaridad.  Es  registrador  de  ia 
presiOn  atmosf^rica,  tempera  turn,  direcci^n  del  viento,  velocidud  del  mismo  y 
lluvia.  Desde  su  instalacidn  ia  cantidad  de  liuvia  se  anot6  por  el  pluviometro 
que  vino  eon  dicho  aparato. 

Un  nuevo  surtido  de  instrumentos  adquirl^  el  observatorio  el  afio  1882,  que 
ftoeron  comparados  en  Kew  y  Stonyhurst  Blenclonaremos  solo  los  meteoro- 
k^cos  dejando  a  un  lado  los  astrondmlcos  y  magn^ticos.  Un  bar6metro  putrdn, 
gran  modelo,  de  Caseila  No.  1209,  del  sistema  adoptado  por  el  Gomit^  de  Kew 
de  la  Heal  Sociedad.  Es  de  cubeta,  de  fondo  fijo  y  dos  esailas  movihies,  una 
graduada  en  milimetros  y  la  otra  en  puigiulas.  El  dldmetro  interior  del  tubo  es 
de  23.8  mm.  Con  este  lmr6nietro  Standard  fu6  comimrado  el  que  venfa  usAn- 
doBe  de  atr&s,  y  que  estuba  ya  comparado  con  los  de  Vieua  y  Wdsldngton :  era 
de  sistema  Fortin,  mediano  modelo,  construido  por  Fabre  et  Kuuemnun,  Paris. 
Otro  bardmetro  de  Caseila  ti|io  Fortin  No.  1219,  mediano  modelo.  Estos 
bardmetros  siguen  boy  en  8er\'ieio  y  con  ellos  fueron  comparados  los  adquiridos 
por  el  Observatorio  Nacioiml  a  rafz  de  la  constituci6n  de  la  Repdblica.  Un 
termdmetro  normal  de  Caseila,  varies  otros  normales  de  m&xlma  y  minima, 
m&B  otro  de  minima  de  mercurlo  del  mismo  constructor.  Un  psicrdmetro  de 
Greiner,  graduacidn  centigrada,  escalas  de  marfil  protegldas  por  tubos  de 
cristal.  Dos  psicrdmetros  de  Caseila,  un  nefdscopo  de  reflexldn  del  mismo 
constructor,  un  registrador  de  sol  construido  por  Lecky,  m&s  dos  evaporfmetros 
de  Piclie  construidos  por  Secretdn.  Todos  estos  instrumentos  fueron  puesto« 
en  servicio  desde  agodto  de  1882,  habiendo  sido  comparados  en  Kew  y  Stony- 
burst  iNirdmetros  y  term6nietros. 

En  1897  mejoraron  notablemente  las  condiciones  del  observatorio,  ampliando 
su  edificio  Imsta  el  extremo  sur  de  la  fachada  unos  50  metres  de  frente,  donde 
se  levantd  un  torredn  rectangular,  aislado  para  la  instalacidn  de  los  instru- 
mentos. En  la  azotea  de  este  nuevo  e<lif1cio  se  constniyd  una  caseta  de  iter- 
slanas,  donde  se  instalaron  todos  los  termdmetros,  psicrondnietros  y  evaporf- 
metros, tanto  de  lectura  directa  conio  registradores  nuevanieiite  adquiridos 
del  sistema  "Uicbard.**  Esta  caseta  estaba  alejada  <le  t<Nla  construcddn, 
abierta  a  la  libre  circulacidn  de  to<los  los  vientos.  Tiimbi^n  se  adqulrid  ente  ado 
un  bardgrafo  de  '*  Richard,"  un  pluvidraetro  de  Caseila  y  un  anemdmetro  del 
sistema  "Robinson"  construido  por  "Ducretet." 

En  esta  nueva  instalacldn  de  1897,  que  hoy  subsiste,  la  altura  de  los  instru- 
mentos quedd  como  sigue: 


Cobeta  del  tMrdmetro  de  mercurio 

Anemdmetro  **  Robinson"  (peqiieAo  modelo). 

Anemdmetro  '*  Robinson"  (fcran  modelo) 

Veleto 

Piuvldmetro  de  grin  gupcrflde 

Plovidmetro  pequefio 

GMetadttermdmetroe 


Altura 

Altura 

9ohreel 

wlireel 

ni  eldel 

nivrtdel 

suelo. 

mar. 

MrtrOM 

y^tm. 

19  9(t 

24.34 

27.S4 

32.72 

a«.so 

32  U 

28.011 

33  44 

34  9H 

80.33 

19  70 

29.  OB 

10.70 

25.0B 

Digitized  by  VjOOQIC 


140       PBOGEEDIKQS  SECOND  PAN  AMEBICAK  8CIEKTIFI0  C0NQBE8& 

Despu^B  de  1897  hubo  pocas  variaciones,  si  exceptuamos  la  constmccidn 
ae  una  caseta  de  ternH^metros  de  doble  persiana  y  su  traslaci6n  por  algtlli 
tiempo  a  la  azotea  del  torre^n,  una  altura  de  80.67  m.  sobre  el  nivel  del  mar, 
para  volver  a  la  misma  altura  anterior  25.08  m.;  m&s  la  adqulsicito  de  un 
pluvldgraf o  de  Fuess,  y  un  croni^grafo  astron6mico  construfdo  por  **  Richard  "  y 
adaptado  a  medlr  con  gran  precision  la  velocidad  del  viento  en  las  rachas, 
aun  las  mAs  intensas  de  los  huracanes.  Da  tambl^n  la  coincldencia,  y  es  un 
dato  importante  para  el  peso  de  las  observaciones,  que  el  observador  que 
ha  hecho  casi  todas  las  lecturas  de  los  instrumentos  desde  esa  fecha  es  uno 
mlsmo. 

Hara$  de  ob$erva4sUin. — ^Bn  un  principio  se  hicieron  por  algdn)  tiempo 
observaciones  cada  hora  d^  d(a  y  de  la  noche.  Este  orden  durd  poco.  El 
resto  de  1858  y  todo  1859,  se  hicieron  cuatro  observaciones  diarias.  En  1800 
se  hicieron  seis;  en  1861  se  nfladieron  dos  m&s,  y  el  1862  empezaron  las 
10  obseryaciones  bihorarias  desde  las  4  A.  M.  hasta  las  10  P.  M.  ambas  in- 
clusive, quedando  estableddo  el  orden  que  hoy  se  guarda  todavfa,  con  s51o 
la  Interrupcidn  de  la  observacldn  de  las  4  A.  M.  que  fu^  suspendida  en  1863 
para  reaparecer  en  1871.  Desde  ese  aflo  sigue  el  orden  de  las  10  observaciones 
directas  diarlas  hasta  el  dia  de  hoy.  Debe  mencionarse  la  observacl6n  Inter- 
nacional  de  7.30  A.  M.  que  empezd  a  haccrse  el  1*  de  abrll  de  1877,  y  dltima- 
roente  la  de  las  7.30  P.  M.  tambi^n  internacional,  establecida  desde  mayo  de 
1003.  Los  datos  que  se  anotan  en  cada  observaci6n  son:  bar6metro  con  su 
termdmetro,  termdmetro  seco  y  hdmedo,  direccidn  y  velocidad  del  viento,  estado 
del  cielo,  cantldad,  dase  y  direccidn  de  las  nubes,  niebia,  hora  de  Uuvla, 
tormentas  el^tricas,  truenos,  rayos  y  rel&mpagos,  arco-iris,  halo  y  corona 
solar  o  lunar.  Una  vez  al  dfa  se  anota  el  recorrido  total  del  viento  en  kil6- 
metros  durante  las  24  horas,  termdmetro  de  mdxlma  y  minima,  cantidad 
de  agua  evaporada  y  cantidad  de  lluvia  en  mlHmetros.  Este  reglstro  dlarlo 
del  Observatorio  del  Coleglo  de  Beldn  abarca  desde  1*  de  marzo  de  1858  hasta 
el  presente,  un  perfodo  de  cerca  ya  de  58  alios  seguidos. 

Publicaciones. — Desde  Julio  de  1858  comenz6  a  publicarse  el  resultado  de 
las  observaciones  en  resdmenes  mensuales  con  las  mdximas,  mfnimas  y 
medias  de  cada  hora  de  observacidn,  con  los  dem&s  datos  de  cantidades  totales 
del  mes.  Algunos  meses  suprimidos  entonces  se  editaron  recientemente,  em- 
];>ezando  desde  marzo  de  1858  para  que  sea  completa  la  serie. 

En  1860  ya  aparecl6  un  interesante  trabajo  con  curvas  meteorogrilflcas 
y  una  discusl6n  cientfflca  bien  razonada  del  resultado  de  las  observaciones 
verlficadas  en  los  dos  alios  precedentes.  Desde  enero  de  1861  acompafiaba 
al  resumen  mcnsual  una  resefia  sobre  el  tiempo  durante  el  mes,  y  en  Julio 
de  1862  se  flJ5  la  forma  de  publicaci5n  mensual  en  cuarto,  que  dur<5  hasta  el 
1871  conteniendo  las  observaciones  diarias,  mdxlma,  minima  y  media  de  todos 
los  instrumentos  prindpales,  y  se  ailadieron  al  resumen  grdficas  de  la  fre- 
cuencia  relativa  y  fuerza  del  viento.  En  dldembre  de  1863  al  comenzar 
el  nuevo  aflo  meteorol6gico  se  inauguraron  las  curvas  de  la  marcha  diuma 
del  bardmetro,  termdmetro,  humedad  relativa  y  tensi6n  del  vapor  de  agua. 
Desde  1868  a  1871  inclusive,  se  hizo  la  impresidn  por  anuarios  en  cuarto 
cuyo  texto  sin  contar  las  grdficas  aun  pasaba  de  300  pdginas,  en  1866  se 
agreg6  en  la  publicacl5n  las  varlas  dlrecciones  dominantes  del  viento  en  cada 
dfa  con  la  fuerza  respectiva,  y  desde  dldembre  de  1867  tambldn  el  estado  d^ 
delo.  Acompafiaban  al  cuadro  de  observaciones  diarias  su  correspondlente 
resumen  mensual  y  a  veces  anual  por  estadones. 

En  1872  se  meJor6  la  publicaci6n  adoptdndose  la  forma  en  folio  con  curvas 
grdficas  espl^ndldas,  tiradas  en  piedras  litogrdficas  donde  se  puede  leer  con 
grande  aproximad^  el  yslor  de  cada  elemento  meteorol6gioo  en  coalqaler 
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iKNra  del  dia  o  de  la  noche.  Las  ordeoadaa  de  esas  curvas  se  tomaban  de  laa 
«b6ervacione«  bihorarias  desde  las  4  A.  M.  hasta  las  10  P.  M.  La  ordenada 
de  media  noche  y  2  A.  M.  se  tomaban  por  lnterpolacl6n  hasta  el  afio  slguiente 
en  que  fu4  instalado  el  meteor6grafo  del  P.  SecchL  Hay  grdficas  del  bar6« 
metro,  term^metro,  humedad  relatlva,  tension  del  vapor  de  agua,  dlreccl6n 
del  vlento  y  velocldad.  Tambi^  se  graban  en  lugar  correspondlente  en  la 
pledra  otros  fen^menos  ocasionales,  como  truenos,  rayos,  halos,  y  m&s  ade- 
lante  las  horas  del  sol,  clase  y  dlreccl6n  de  nubes.  Los  cuadros  contlenen  la 
m^lma,  minima  08cllad6n  y  media  de  cada  dfa  de  todos  los  elementos  meteoro- 
Idglcos  susceptibles  de  expresarse  en  ndmeros.  Debe  advertirse  que  la  media 
pubUcada  es  la  media  de  las  10  observaciooes  diarias,  no  de  la  m&xima  y  la 
minima.  AdemAs  cuadro  de  direcclones  del  vlento  y  su  velocldad,  cuadro  del 
estado  del  cielo,  dase  y  cantidad  de  nubes  con  los  totales  de  Uuvia  y  evapora- 
ddn.  Finalmente  hay  restLmenes  completes  mensuales  y  anuales,  y  algunos 
alios  la  publicaci5n  por  trimestres  o  por  semestres. 

Desde  novlembre  de  1877  hasta  enero  de  1885,  por  haberse  publicado  con 
mucho  retraso  ese  perfodo  y  por  escasez  de  tiempo,  no  aparederon  las  curvas 
gr&ficas;  y  desde  mayo  de  1890  en  adelante  s61o  se  hacen  las  piedras  de  las 
curvas  meteorogrdficas  en  los  meses  de  agosto,  septiembre  y  octubre,  que 
constituyen  la  ^poca  dddnica.  Con  1900  empieza  a  publicarse  la  direcd6n 
de  las  nubes,  y  el  recorrido  total  del  vlento  en  24  horas.  En  1*  de  enero 
de  1901  hubo  un  cambio  Importante  en  las  publicaciones  del  bardmetro.  De 
conformidad  con  el  acuerdo  de  la  Gonferencia  Intemacional  de  Munich  del 
mismo  afio,  desde  esa  fecha  se  da  el  bar6metro  reducldo  a  O^'G.  al  nivel  del 
mar  y  a  la  gravedad  normal,  siendo  esta  para  la  Habana  igual  a  menos 
L87  milfmetros.  En  las  publicaciones  anteriores  el  bar6metro  estaba  solo 
reduddo  a  O'^O.  Tumbidu  empez6  con  este  afio  la  publlcaddn  de  las  10  observa- 
dones  bihorarias  de  cada  dfa  conteniendo  la  direcci6n  y  velocldad  del  viento. 

Por  fin  en  1907  comeiiz6  a  publicarse  Intcgro  el  registro  de  las  10  observa* 
dones  bihorarias  de  todos  los  Instrumentos  y  factores  meteoroi6gicos  con  los 
promedios  y  rcsdroenes  mensuales  y  anuales  de  los  mlsmos,  continuando  las 
grftficas  en  los  tres  meses  addonados. 

AdemAs  de  esta  serie  de  publicadones  regulares  que  abarca  ya  57  afios, 
irablicd  el  Obeervatorlo  de  Belto  otros  trabajos  importantes,  prindpalmente 
reladonados  con  los  huracanes  de  las  Antillas  cuyas  leyes  fundamentales 
establed^  para  tanto  blen  de  la  navegad6n  y  aun  de  la  vida  y  propiedades 
de  las  regiones  visitadas  por  esas  tormentas  giratorias  troplcales. 

Esta  predosa  colecci6n  sirve  de  base  a  las  tablas  de  datos  estadfsticos  y  a 
las  curvas  que  acompafian  este  modesto  trabajo,  y  que  nos  muestran  la  marcha 
dloma,  mensual  y  anual  de  los  dlferentes  agentes  dlmatol6g1cos  en  la  Habana. 

Los  cuadros  que  ponemos  al  fin  referentes  a  otras  poblaciones  principales  de 
la  Isla  estAn  formados  con  datos  que  tomamos  del  Boletfn  Oflcial  de  la  Secre- 
tarfa  de  Agricultura,  excepci6n  hecha  de  Clenfuegos,  cuyos  datos  estdn  tornados 
del  Obeervatorlo  del  Gol^io  de  Ntra.  Sra.  de  Montserrat 

HABANA. 

El  clima  de  la  Habana,  y  lo  mismo  puede  decirse  con  pequefias  diferendas 
de  toda  la  Isla  de  Cuba,  si  bien  comprendido  entre  los  cllmas  tropicales  por  la 
posid^n  geogrdiica,  y  por  la  influencla  de  la  Gorriente  Ecuatorial,  puede  sin 
embargo  califlcarse  en  conjunto  de  clima  notablemente  benigno  entre  los  tropi- 
cales, grades  h  la  acdOn  refrigerante  de  los  vientos  reinantes,  por  lo  general 
mds  fnertes  y  mds  seguros  en  las  horas  en  que  ee  mayor  la  actividad  solar,  a 
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lo  cual  consplmn  la  forma  estrecha  y  alongada  de  la  Isla  y  su  orientaci6n  de 
BR  a  NW.«  ciisi  perpendicular  a  la  corrlente  de  los  vientos  alfsios. 

Esta  circunstnucia  da  ori^n  en  la  ^poca  de  los  calores  a  fuertes  brisas  de 
mar  a  tierrn  durante  las  horas  de  mAs  calor,  tanto  en  la  costa  norte  como  en 
la  del  sur ;  y  esas  corrientes  opuestas  al  chocar  entre  sf  producen  con  admirable 
refnilarUlad  ttirbonadas  el^ctricas  de  verano,  qne  refrescan  el  amblente  y 
fonnan  el  mayor  contlngente  de  la  precipitacl6n  anual  de  lluvlas. 

El  cllma  de  una  regi6n  es  el  conjunto  de  fen^menos  atmosf^rlcos  que  definen 
8U  condfci6n  nonnal,  principalmente  en  relaci6n  al  desarrollo  de  la  vida  hu* 
mana,  animal  y  vegetal.  Los  factores  que  Influyen  en  las  condiciones  cHma- 
tol6gicas  de  un  lugar,  son  la  presldn  atmosf^rlca,  la  temperatura,  la  humedad 
relativa,  la  tension  del  vapor  de  agua  de  la  atmdsfera,  la  cantidad  de  Uuvia, 
los  vientos  reinantes,  la  cantidad  de  nubes,  etc.,  que  en  mayor  o  menor  grado 
entran  en  la  formacidn  de  todos  los  dimas. 

A  estos  caracteres  generates  a  veces  deben  agregarse  otros  particulares  de 
cada  region,  como  son  en  las  Antillas  los  tfplcos  buracanes  troplcales,  que  con 
frecuencia  deva^tan  estas  regiones,  y  que  por  otra  parte  preclpitan  grandes 
cantidades  de  lluvia  que  tnnto  contribuyen  a  su  exuberante  vegetacidn. 

I^  breve  resefla  e11mato!6glca  que  vamos  a  resumir  en  estas  Uneas  y  qne 
por  la  premura  del  tienipo  habrd  de  ser  muy  incompleta.  Junto  con  las  tablas  y 
ciirvas  que  las  acompaRan,  se  refieren  casi  exclusivamente  a  la  Habana,  de 
donde  pnseenios  un  caudal  de  observadones  completfslmo,  apto  para  propor- 
clouar  resultados  en  gran  manern  fidedignos,  tanto  por  el  periodo  que  abarcan 
como  por  el  esniero  en  la  observaci6n. 

Sin  embargo  pondremos  nl  final  cuadros  comparativos  de  buen  ndmero  de  es* 
taclones  repartidas  por  provinclas,  conteniendo  las  me<lias  mensuales  y  onuales, 
y  la  cantlda<l  de  Iluvia,  que  den  niguna  idea,  slqulera  sea  aproximada,  de  al- 
gimos  principales  factores  cllmatol6gicos  en  toda  la  li^la.  Pero  del>e  tenerse 
presente  que  Ips  resultados  de  dichoe  cuadros  distan  mucho  de  ser  definltivos 
por  el  corto  ntimero  de  afios  qne  comprenden.  Los  datos  estAn  tomados  del 
Boletfn  Oficial  de  Agricultura  coleccionados  por  el  Observatorlo  Naclonal. 

Tarla  I. — March  a  flinma  de  la  prcsldn  afmonfMca  en  la  Hahnna,  Mediae 
bihoraHas  <te  cada  mes  y  del  afio,  dedveidaa  de  los  promedioa  de  4^  aliot 
{1872-1914)  reducidag  a  0*  C,  aJ  nivel  del  mar  y  a  la  gravedad  normal. 

(TOO  mm  +.1 


Horas. 

Ene- 
ro. 

Pe- 
brero. 

Mar- 

zo. 

AbrO. 

Ma^o. 

Jti. 
nlo. 

JuUo. 

AROStO. 

Sep. 
ilem- 
bre. 

Octii- 
bre. 

No- 
riem- 
bre. 

PI- 
dem- 
bro. 

Alio. 

3 

4 

0 

63.31 
63.31 
63.71 
64.50 
66.04 
64.02 
62.05 
62.04 
63.30 
W.05 
64.34 
63.85 

62.05 
62.  SI 
63.84 
64.00 
64.54 
63.74 
63.61 
62.41 
62.85 
63.54 
61.05 
63.62 

62.34 
62.22 
62.81 
63.56 
63.83 
63.12 
62.13 
61.83 
62.26 
63.05 
63.37 
62.04 

61.50 
61.42 
62.03 
62.63 
62  80 
62.10 
61.34 
61.00 
61.35 
62.07 
62.40 
62.13 

60.66 
60  36 
60.04 
61.42 
61.40 
61.02 
60.30 
50.06 
60.26 
60.02 
61.33 
61.02 

61.08 
60.84 
61.33 
61.84 
61.07 
61.60 
60.08 
60.66 
60.03 
61.40 
61.00 
61.57 

62  01 
61.78 
62  35 
62  74 
62  03 
62  60 
61.07 
61.65 
61.80 
62.40 
62.83 
62.52 

61.08 
60.  W 
61  35 
61  »5 
62.08 
61.67 
60.  TO 
60.65 
60.93 
61.52 
61.94 
61.61 

50.01 
50  75 
60.25 
60.85 
61.07 
60.46 
50.55 
50.41 
50.76 
60.40 
60.81 
60.43 

50  35 
59.35 
.•i0  8H 
60.57 
60.70 
50.  OS 
50  12 
.59.06 
50.50 
60.23 
60.44 
59.05 

61.38 
61.44 
61.96 
62  71 
62  95 
62  01 
61.09 
61.06 
61.55 
62.20 
63.50 
61.09 

62.70 
62.82 
63  25 
64.11 
64.41 
63.44 
62.45 
62.46 

62  01 
63.56 

63  79 
63.29 

61.50 
61.41 
61.0t 

8 

10 

13 

14 

16 

18 

90 

33 

34 

62  58 
63.81 
62.  IS 
61.28 
61.00 
61.16 
62.13 
6S.46 
02.01 

Me<Ha 

63.78 

63.20 

62.78 

61.02 

60.80 

61.35 

63.30 

61.37 

60.23 

50.83 

61.91 

63.27 

61.91 
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Tabla  II. — Maroha  diuma  de  la  preHdn  atmo$f^rica  en  la  Hahana.  VariO' 
eiones  medias  bihorarias  para  cada  met  y  para  el  aUo,  deduvidaM  de  lo$ 
^rwnedios  de  43  aflos  (1872-1914), 

IMOimetras.) 


Hans. 


S-4.. 

1»-M. 
14-10. 
16-19. 
1II90. 


-0.i9 


+(110 

+a40 

+am 

-1.02 
-1.07 

-a  01 

4045 

-i-aflo+aeo 

+a  20 +0.51 


-a  14 
+a53 

+0." 


aso 

-1.13 

-a  20 


-a  43 


-0.12 -a  17 

+a50,+a6i 

75^+a75'+aoo 

4<i|+a45+a27,+ai7, 

"  -a7i-a7i' 

-a  99 -aw. 

a  30 -a  34 

'(-0.44^+a43+a35' 

+aA9+a72 

+0.42+a42 

-a43.-a36, 


+a48. 


-a  30 -a  94 
+a58+a40 


+a5i 


+ao7^+a 

-0  47 -a  37 

-a  72 -a  03 
-a  34 -a  32 
+a30 

+0.60 

+a  41 +0.41 

-a  31 -a  S3 


6 

8 
9» 


-a  20 
+a48 
+a49 
13] +a  19 
-a  33 
-a  63 

-0.32! 

+a27^+a24 
+a56+a5i 

43 

-a  311 


-a23|-ai6 

+0  50+a50 
+a5040.60 
+0.23 +a22 

-a  41 -a  61 
-aTs-aoi 
a  24 -a  14 
+a»+a3i 
+a59+a73 
+a42+a32 
-a  33 -a  38 


-ano+aort 
+a534aft2 
+ai«4a73 
+a22+a24 
-a  81 -a  94 

-a8rt-a92 

-ao6-ao3 
+a44+a49 
+a73+a74 
+a2i+a2i 
-a  49 -a  51 
I       I 


+ai2 
+a43 
+a» 
+a30 
-a  97 
-a  90 

40.01 

+a4.^ 
+aiw 
+a23 
-a  50 


i 


-a  09 
4a3i 
+a60 
4a3f 

a68 
-anr 
-a  19 
4a37 
4a60 
+a34 

a40 


Tabla  III. — Marcha  diuma  de  la  pretidn  attnosfdfica  en  la  Hahana,  Diferen' 
cias  mediaa  Wwrariaa  para  cada  tncB  p  para  el  aflo,  de  la  media  general 
correspondiente  mensual  y  anual,  deducidaB  de  lot  protnedios  de  4$  afioi 
(1812-1914) > 


Horaa. 


6 

8 

it 

13 

M , 

m 

n 

94 


Ifalla...... 

IHfBlCOCii. 


I 


i 


-a57,-asi 

-a  47; -a  48 

-ao7i+ao6 
+a8i!+a8o 

+  1.20  +  1.25 

+a24+a45 
-aH3-a6« 
-a  84 -a  88 
-a  30 -a  44 
fa27+a» 

4a56+a76 

+ao7+a33 


-a  44 -a  33 -a  34 -I 
-a  5« -a  50 -a  44 -I 


a27-a28' 

,  -^-.,  _..,  a5i-a53 

+ao3 +a  u +a  i4^-ao2 -ao5' 

+a  78|+a  7i!+a«2,+a  49  +a  44 

+(i.mi+a6o,'+a62+a63 

+a  77|+a  22' +a  25 +a  30 

-a  5«' -a  50 -a  87  -  a  33 

-a93-a84;-a60-a66 

-a  52  -a  57.  -a  54'  -a  42  -a  41 

+a  17  +a  15  +a  12 +a  u  +a  10 

+a  59, +a  67, +a  53 +a  55; +a  53 

+ai6',+a2i +a22|+a23,+a23 


+!.&•» 
+a34 
-a  66 
-a  95 


I 


-a  29 
a  52 
-aw^ 
+a 
+a7i 
+a 
-a4R 
-a  72 
-a  44 
+a 
+a 
+a24 


-a  32 
-a4« 
+ao2 

4S+a«2 

+a84 

30j+a23 

a68 

-a  82 

-a  47 

i5+a9K 

57+a5« 

"  +a2o 


-a4va53-a57 
-a4«-a47-a45 


+aa') 
+a74 


+a  i.> 
-a  71 


-a  40 

^..    _„-a49 

+ao5-ao2+ao3 


+a8o+a84 


+a9(i +1.04 +1.14 


+a  10  +a  17 


-a  82 -a  82 -a  03 


-a  77 -a  85 -a  81 


-a  33 -0  36 -a  36 -a  44 
+a40+a38+a29+a2i 
+a6i  +a59+a.52'+a50 
+ai2+ao6+ao2.+ai0 


+a08 
+a93 
+a25 


-a  81 


700  mm. 


63.78 
+L88+L 


03.2J  02.7a  61.92*  6a8o'  61.35 

3«+a8a+ao2-Lio-a65 


62.30^  61.37t  6a3X  5a83 
-a 4a -a53 -1.67^-2.07 


61.91  63.27  6L90 
2.07^+aOl +L37i 


PRESI6N   ATM08F&BICA. 

Laa  Tablas  I,  II  y  III  dan  idea  exacta  de  la  marcha  normal  del  bar6metro 
en  la  Habana.  La  Tabla  I  representa  los  valores  medloa  de  la  presidn  ntnios- 
f^ca  en  cada  una  de  las  horaa  de  observaci^n  bihorarla  correspondientes  a 
cada  mea  y  al  a  Co.  Cqptiene  adem6s  la  media  general  mensual  y  anual.  Est&n 
dedncidas  de  los  promedlos  de  43  afios  desde  1872  a  1914.  Las  lecturas  aquf 
presentadas  van  reduddas  a  la  temperatura  de  0*  0.  al  nivel  del  mar,  y  a  la 
gravedad  normal.  Esta  tiltima  correcci6n  ha  sido  determinada  experimental- 
mente  para  la  Hahana,  hallando  el  valor — ^1.87  mlUmetros. 

Para  la  reduoddn  al  nivel  del  mar  se  ban  tenido  en  cnenta  los  dos  perfodoa, 
desde  1872-189d,  en  que  la  cubeta  del  banSmetro  estaba  a  19.8  m.  sobre  el  nivel 
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del  mar,  y  el  de  1897-1914,  en  que  la  cabeta  estuvo  a  24^  m.  de  altttud.  Bd 
ambos  perfodats  la  correcci^n  se  hizo  a  raz6n  de  1  milfmetro  de  mercurlo  por 
cada  11  metres  de  elevacl6n,  habida  cuenta  de  la  temperatura  media  de  la 
Habana  que  es  24''.4  O. 

Las  observaciones  dlrectas  solo  dob  ban  propordonado  los  10  valores  de  las 
boras  pares,  desde  las  4  A.  M.  hasta  las  10  P.  M.  de  cada  dfa,  ambas  Inclusive. 
Las  dos  observaciones  restantes,  la  de  las  12  nocbe  y  2  mafiana,  que  faltaban 
en  la  colecci6u,  fueron   calculadas  por  interpolacidn.     Para  ello,   llama ndo 

a,  ai,  as,  a«, au,  a  los  valores  de  las  12  nocbe,  2  A.  M.,  4  A.  M.  beroos 

ballado  las  dos  dnicos  cantidades  desconocidas  a  y  ai  por  medio  de  las  conoddaft 
f6rmulas  de  interpolacidn. 

(1)  a=|(a,H-a,H-a„)-h^{aaH-a,H-a^-(a,H-a,H-a,H-a,)} 


•fyV3{a,,-(as+a,))+(|+l^)a, 


(2)  a,«|(a,+a,+a,)+^{a,+a,+a,,-(a,+a,H-a,+a,.)} 


+iV3  {aa-(a,+a,)}+(f  H-^^)a. 


Los  valores  asi  calculados  para  a  y  ai,  correspondientes  a  las  boras  12  nocbe 
y  2  mafiana,  estdn  en  perfecta  armonfa  con  los  dados  por  la  observacidn,  y 
como  no  representan  ningtin  m&ximo  o  mfnimo  de  la  curva  est&n  poco  ex- 
puestos  a  error  de  considerad6n. 

La  Tabla  II  contiene  la  variad6n  media  diuma,  que  experlmenta  el  bar6- 
metro  en  la  Habana  de  dos  en  dos  boras  y  el  sentido  de  esa  variaci6n  para 
cada  mes  y  para  el  afio;  y  la  Tabla  III  expresa  las  diferencios  medias,  que 
guarda  la  lectura  barom^trlca  de  cada  bora  de  observaddn  biboraria  en  cada 
mes  y  en  el  afio  con  la  media  general  correspondiente  a  cada  mes  y  al  afio.  Los 
ntimeros  contenldos  en  esta  Tabla  III  ban  servido  para  la  construccidn  de  las 
curvas  de  la  marcba  diuma  de  la  presidn  atmosf^rlca  en  las  Plancbas  I  A  y  B. 

Al  pi^  de  la  Tabla  III  reproducimos  la  media  mensual  y  anual  para  mayor 
comodidad  en  la  comparaddn,  y  debajo  de  dicbas  medias  mensuales  se  pone  la 
diferencia  de  las  mismas  con  la  media  general  del  aHo,  que  ba  servido  para  el 
trazado  de  la  curva  anual  de  la  Plancba  II. 

Las  curvas  Oe  las  Plancbas  I  A  y  B  estdn  trazadas  dando  a  la  ordenada  dos 
milfmetros  de  longitud  por  cada  d^ima  de  milfmetro  de  la  columna  de 
mercurio.  Los  ntimeros  de  la  Tabla  III  determinan  dicba  ordenada  para  todas 
las  boras  pares  del  dfa  y  para  los  meses  del  afio.  La  curva  se  traz5  uniendo 
las  cabezas  de  las  ordenadas  con  Ifnea  ondulada  al  tenor  propio  de  la  marcba  de 
la  variacidn  diuma  y  anual.  En  la  Plancba  II,  por  ser  mds  pronunciadas  las 
diferencias,  se  di6  a  las  ordenadas  1  milfmetro  de  longitud  por  cada  d^ima  de 
milfmetro  de  mercurio. 

Una  somera  ojeada  a  las  Tablas  I,  II  y  III  Junto  con  la  Plancba  I  A  y  B 
nos  ensefia  que  la  presi6n  atmosf^rica  en  la  Habana  presenta  dos  m&ximos  y 
dos  mfnimos  dlarios,  uno  absoluto  y  otro  relativo.  Los  mdximos  tienen  lugar 
a  las  10  de  la  mafiana  y  de  la  nocbe,  o  mds  bien  algo  antes,  entre  9  y  10,  y  los 
mfnimos  bacia  las  4  de  la  mafiana  y  de  la  tarde,  siendo^l  m&ximo  absoluto  e! 
de  las  10  de  la  mafiana,  y  el  mfnimo  tambi^n  absoluto  el  de  las  4  de  la  tarde. 
Llama  la  atencidn  el  adelanto  que  experlmenta  la  minima  matutina  en  los  meses 
de  noviembre,  didembre  y  enero. 

La  regularidad  en  la  marcba  diuma  del  bar6metro  en  la  Habana  es  muy 
notable,  y  basta  ecbar  una  mirada  a  las  grdflcas  de  las  publicadones  mensuales, 
para  ver  que  la  onduladdn  diaria  puede  cost  servir  de  reloj.     La  amplitud 
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media  es  peqnefia  como  corresponde  a  regl6n  tropical,  siendo  la  mayor  2.10  mm. 
correspondiente  a  enero,  y  1.28  mm.  la  menor  correspondiente  a  Julio. 

La  marcha  anual  de  la  presi6n  en  la  Habana  estd  representada  por  una 
corva,  que  tlene  un  mdximo  en  enero,  desciende  durante  los  meses  de  febrero, 
marzo  y  abril  alcanzando  un  mfnimo  en  mayo,  y  vuelve  a  subir  a  otro  mflximo 
en  Julio,  para  descender  de  nuevo  hasta  el  segundo  mfnimo  en  octubre  y 
eleyarse  otra  >ez  a  buscar  el  extremo  inicial  de  enero.    EH  mdximo  y  mfnimo 


Cnero 


Icwvro 


Hbtso 


AM 


Mayo 


0.5inm 
76Sb70inm 


769.29  mm, 


762.7Qmm 


761.92  mn^ 


760.00  mm 


76L55mm 


Plamcha  I  A.~Mareba  diurna  de  la  pfesldo  atmosf^rica  en  la  Habana. 

absolutos  corresponden  a  Iob  meses  de  enero  y  octubre,  y  su  amplltud  media  e» 
8j05  mm. 

La  doble  06cilaci6n  de  la  curva  anual  del  bar6metro  no  tiene  lugar  solo  en  la 
Habana,  sino  que  se  observa  tambi^n  en  las  dem^s  AntiUas.  Vali^ndonos  de  los 
dates  publlcados  en  el  **  Report  of  the  Chief  of  the  Weath^  Bureau,  1900- 
1901,  Vol.  II,'*  hemos  construido  las  curvas  barom^tricas  de  varias  Antillas 
menores  y  otros  puntos  del  AtlAntico  y  Qolfo.  Tambito  trazamos  la  de  Port- 
au-Prince  y  la  de  M^rida  de  Yucatdn  sobre  promedios  de  18  y  20  afios 
pectlnunente. 
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Presentnmos  varlos  de  esos  curvas  en  la  Plancha  II,  y  vemos  que  partlendo 
de  la  Iliihuna  hacla  el  orlente,  el  m&xlroo  secundarlo  de  Julio  va  dlsmlna- 
yeDdo  husta  casi  desaparecer  por  completo  en  Barbados.  La  curva  en  Port 
of  Spain  y  Curncao  ets  casi  igual  a  la  de  Barbados.  La  de  Cnyo  Hueso 
es  semejnnte  a  la  de  la  Habana ;  M^ida  presenta  una  curva  de  id^ntica  forma, 
si  bien  el  nifiiimo  absolute  cae  en  mayo  y  la  subida  de  mayo  a  Julio  es  mayor, 
fin  el  Atl&ntico  y  Golfo  el  mdximo  secundarlo  de  Julio  es  apenas  sensible. 


Oidcmbre 


Plahcba  I  B.-Maroba  dJunia  de  la  presito  atmosttrica  an  la  Habana. 

La  causa  de  esta  doble  oscilaci6n,  o  del  m&ximo  secundarlo  de  Julio  se  tia 
atribufdo  al  movimiento  del  anticicMn  permanente  del  AtlAntico,  retirdndoss 
en  mayo  y  acercdndose  en  Julio  a  las  Antillas.  El  examen  de  las  curvas  de  la 
Plancba  II  echa  alguna  sombra  sobre  esta  explicaci6n,  pues  no  se  ve  claro  c6mo 
su  influencia  puede  alcanzar  tanto  a  la  Habana,  y  aun  penetrar  tan  de  lleno 
hasta  M^rida,  sin  hacerse  sentir  en  igual  o  mayor  grade  en  las  estadones  del 
sur  del  Atl&ntico  de  los  Estados  Uuldos  y  de  las  Antillas  orientales. 
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Tabia  IV. — PreH6n  atmosfMca  en  la  Habana. 
[milmetros.] 


Kes. 


Media- 


la  m&s. 


alta. 


b^a. 


Eztrema. 


Bi 


%* 


Enero 

Febrero 

Ifano 

Abril 

ICayo 

Junto 

Jollo 

Agosto 

Septiembre 

Octubre 

Noviembre. 
Bideinbre. 

Alio 


793.78 
763.20 
762.78 
761.92 
760.80 
761.35 
762.30 
761.37 
760.23 
759.83 
761.91 
763.27 


765.81 
765.14 
764.63 
763.  n 
762.14 
762.81 
763.53 
762.89 
761.46 
761.46 
763.50 
765.46 


761.92 
760.54 
760.67 
758.56 
7.59.21 
759.65 
760.16 
759.35 
758.38 
768.56 
760.75 
761.96 


8.89 
4.60 
3.96 
5.16 
2.93 
3.16 
8.37 
3.54 
3.06 
2.90 
2,75 
3.51 


760.24 
768.59 
768.06 
766.30 
764.27 
764.58 
765.08 
764.35 
763.64 
764.33 
766.23 
768.11 


768.27 
767.89 
767.36 
766.92 
766.66 
757.45 
759.33 
757.79 
766.09 
762.75 
757.24 
757.89 


10.  ©7 
10.70 
10.72 
9.38 

7.n 

7.13 
6.75 
6.56 
8.66 

11.68 
8.99 

10.22 


774.18 
772.98 
771.81 
768.85 
765.92 
766.31 
766.41 
766.37 
764.82 
767.64 
771.13 
772.66 


764.46 
751.31 
752.57 
760.92 
751.91 
751.39 
7.'i6.04 
754.52 
742.36 
729.17 
752.84 
763.75 


761.91 


762.68 


760.66  2.13 


766.07  757.04  9.03  774.18 


729.17 


19.72 
21.67 
19.24 
17.98 
14.01 
14.92 
10.37 
11.85 
?2.46 
38.47 
18.29 
18.91 


46.01 


b    E      F     M     A    M     J     J     A     S    Q     N 


Habana 


MaW 


Darbados 


ri<rida 


Jbcksonvitle 


6dkcalofi 


762.26  mm 


'76L24mm 


Plancha  XL— Haicha  annal  d«  la  presidn  atmosf^rJoa  en  la  ] 
68436--VOL  n— 17 ^10 


y  otiBS  AntiUas. 
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En  la  Tabla  IV  damos  an  cuadro  sint^co  de  los  datos  tdAb  salientee  rela- 
tlvos  a  la  presi6D  atmosf^rica  en  la  Habana.  Las  tres  primeras  columnas  dan 
la  media  general,  la  mayor  y  la  menor  respectivamente  de  todas  las  medias  re- 
gistradas  en  los  4S  afios  para  cada  mes  y  para  el  afio.  La  quinta  y  sezta  columnas 
presentan  la  media  de  las  m&xlmas  y  de  las  mfnlmas  de  cada  mes  y  del  afio 
durante  el  mlsmo  perfodo.  La  octava  y  novena  dan  las  lecturas  eztremas 
reglstradas  en  el  obsarvatorlo  en  cada  mes  y  en  el  afio  en  los  48  afios.  Se 
verd  qne  los  datos  aquf  consignados  no  convlenen  enteramente  con  los  escrltos 
en  la  pnbllcacl6n  anual  del  observatorio.  La  pequefia  diferenda  se  6s^  a  la 
correccl6n  tomada  para  la  rednccl6n  al  nivel  del  mar.  Aquf  apUcamos  1  ninL 
por  cada  11  metros  de  elevaci6n,  y  en  la  publlcaci6n  la  columna  de  aire  equiva- 
lente  a  1  nun.  es  algo  menor  ann  de  10  metros  segfin  las  Tablas  Intemacionales. 

Cuanto  a  las  presiones  extremas  contenidas  en  las  tablas,  debe  adyertirse, 
que  se  refieren  a  las  boras  regulares  de  obseryaci6n  diaria,  que  no  slempre 
colnclden  con  las  verdaderas  m&xlmas  y  mfnlmas  absolutas.  As(  verk  el  lector 
qne  la  presi6n  mfnlma  de  los  48  afios  consignada  en  la  tabla  es  de  729.17  nun. 
qne  comparada  con  la  m&xima  de  774.18  nun.  dan  una  oecllaci6n  total  dd 
bar6metro  de  45.01  nun.  en  todo  ese  tiempo. 

Bn  realidad  la  minima  absoluta  durante  el  periodo  que  resefiamos  es  algo 
inferior  y  corresponde  al  cicl6n  del  19  de  octubre  de  1876,  en  que  ba]6 
a  728.31  dando  una  oscilaci6n  m&xima  de  46.87  nun.  Hay  huracanes  en  que  el 
bar6metro  baja  notablemente  m&B  que  eso.  Bn  el  doble  cicl6n  que  asot6  la 
porci6n  occidental  de  la  Isla  de  Cuba  del  18  al  17  de  octubre  de  1910,  la  lec- 
tura  barom^trica  baj6  a  719.97  mm.  a  las  2  a.  m.  del  14,  y  despu^  de  subir  el 
dfa  15  a  los  744.90  nun.,  yolyi6  a  bajar  el  16  a  las  6.80  p.  m.  a  722.72  mm. 

Uno  de  los  buracanes  mAs  desastrosos  o  el  mAs  desastroso  de  que  hay  jne- 
moria  en  la  Habana  es  el  del  10  al  12  de  octubre  de  1846.  De  ser  ezactos  los 
datos  de  una  reladdn  publicada  sin  flrma  a  rafz  del  suceso  en  forma  de  foUeto 
que  tenemos  delante,  el  bardmetro  baJ6  a  701.96  mm.  en  la  Habana,  la  mAs  baJa 
presi6n  que  se  haya  registrado  en  huracdn  alguno  que  sepamos. 

La  oscUaci5n  absoluta  en  la  Habana  serfa  72.28  nun.  Se  acerca  no  poco  a 
esta  baJa  barom^trica  la  registrada  en  New  Orleans  por  el  Weather  Bureau  en 
el  redente  huracdn  del  29  al  80  de  septiembre  1915  donde  alcanz6  la  presi6n  a 
718.99  mm.  Segdn  un  cuadro  de  mfnlmas  presiones  alcanzadas  por  la  columna 
barom^trlca  en  los  prindpales  huracanes  sentidos  en  la  Habana  desde  1794 
hasta  1894,  publicado  por  el  Diarlo  de  la  Marina,  decano  de  la  prensa  en 
Cuba,  con  fecha  10  de  noviembre  de  1906,  la  presito  atmosf^rica  en  el  dtado 
huracdn  de  octubre  de  1846  baJ5  hasta  una  lectura  de  687.31  milfmetros  redudda 
al  nlvel  del  mar. 

TEMFERATUSA. 

Bl  dima  de  la  Habana,  por  lo  que  hace  a  la  temperatura  del  aire,  que  es 
el  factor  dominante  y  prindpal  que  caracteriza  los  diferentes  dimas  de  la 
tierra,  puede  Uamarse  moderadamente  cftlido,  y  otro  tanto  puede  dedrse  de 
todos  los  dem&s  puntos  de  la  Isla  con  algdn  recargo  de  caior  en  Santiago  de 
Cuba. 

Durante  el  afio  se  distinguen  dos  estadones  caracterfsticas.  La  una  com- 
prende  los  meses  de  noviembre,  didembre,  enero,  febreru  y  ;n.''*TA  en  los  cuales 
el  tiempo  es  bastante  seco  y  generalmente  fresco,  exceptuando  algunos  perfodos 
de  viento  sur,  originados  por  la  aspirad6n  de  las  depresiones  que  cruzan  hada 
el  Atldntico  por  los  Bstados  Unidos.  Bsos  perfodos  producen  aun  en  el  coraz6n 
del  invierno  tiempo  y  calor  sofocante,  y  por  lo  regular  van  seguidos  de  otros 
perfodos  de  tiempo  fresco  y  vientos  fuertes  que  se  inidan  del  NW.  y  van 
girando  al  N.  y  NB.,  conocidos  en  Cuba  con  el  nombre  de  nortes  de  invierno 
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Durante  los  meses  dichos,  el  clima  es  por  lo  regular  mny  agradable  con  dela 
despejado,  ambiente  fresco  y  noches  daras  y  brillantes. 

La  segonda  estaci6n,  que  abarca  el  resto  del  afio,  es  calurosa,  y  a  no  ser 
por  el  efecto  refrigerante  de  la  brisa,  que  en  las  boras  de  m&a  calor  es  tam- 
blte  m^  intensa,  el  ambiente  se  barfa  sofocante.  No  es  la  elevaci6n  absoluta  de 
la  temperatnra  sino  la  continuidad  de  mucbos  meses  enteros  de  una  tempera- 
tora  moderadamente  alta  la  que  bace  algo  enervante  el  clima  de  la  Habana. 
Bn  la  misma  dudad  de  Nueva  York  y  otras  muchas  de  Norte  America  se  regis- 
tran  con  frecuenda  temperaturas  que  superan  las  mAs  altas  de  la  Wflbuna  en 
wAb  de  5*^  C,  y  los  acddentes  graves  de  insoladdn,  que  tan  frecuentes  son  en 
106  Bstados  Unidos,  se  pueden  calificar  de  desconoddos  en  Cuba. 

Tabul  Y. — Marcha  diuma  de  la  temperatnra  a  la  tombra  an  la  Habana.    Media 
bi?ioraria  para  coda  met  y  para  el  afio,  deducida  de  18  atios  (1897-19H), 


Horas. 

i 

iS 

1 

1 

1 

1 

i 

1 

1 

1 

2 

i 

9 

• 
10.4 
1S.0 
18.8 
10.0 
23L0 
21.0 
M.0 
21.5 
23L1 
21.2 
20.5 
10.0 

• 

10.5 
10.0 
18.8 
20.3 
21.3 
24.5 
24.7 
24.1 
22.8 
21.0 

9ao 

20.2 

• 

9a5 

10.0 
10.7 
22.1 
25.1 
25.0 
25.0 
25.4 
24.0 
22.0 
22.1 
2L1 

• 

21.7 
21.1 
21.0 
24.1 
20.8 
25.8 
20.7 
25.1 
25.0 
21.8 
2S.1 
22.4 

• 
28.1 
22.5 
22.6 
25.0 
27.0 
28.2 
27.0 
27.4 
20.4 
25.1 
24.5 
23.7 

• 
24.1 
23.7 
23.0 
27.0 
20.0 
20.0 
28.7 
28.0 
27.2 
25.0 
25.2 
24.0 

• 

24.5 
24.1 
24.2 
27.4 
29.8 

aao 

20.4 
28.8 
27.7 
25.4 
25.8 
25.0 

24.7 
24.8 
24.2 
27.3 
20.8 
3a2 
20.7 
28.7 
27.7 
20.5 
25.0 
25.2 

• 
24.4 
24.1 
23.0 
20.0 
20.2 
20.0 
20.0 
28.2 
27.1 
25.2 
25.0 
25.0 

• 
23.7 
23.4 
23.3 
25.0 
27.0 
28.0 
27.8 
27.1 
25.0 
25.3 
24.8 
24.3 

• 

21.0 
21.3 
21.2 
23.1 
25.4 
26.1 
26.0 
25.2 
24.0 
23.3 
22.8 
22.2 

• 
20.3 
20.0 
10.8 
21.1 
23.8 
24.8 
24.8 
24.1 
22.7 
21.0 
21.4 
20.8 

• 
22.8 

4 

21.0 

6 

21.8 

8 

24.2 

10 

26.7 

13 

27.2 

14 

27.1 

16 

26.4 

18 

25.3 

30 

24.2 

s 

23.6 

at 

22.0 

Medte 

2i.a 

ffl.« 

2.0 

24.0 

25.4 

25.4 

20.0 

27.0 

20.0 

25.0 

28.5 

23L1 

2L4 

Tabul  YL — Marcha  dimma  de  la  temperatura  em  la  Habama.  Variaeidn  me- 
dia bihoraria  wteatual  y  amual,  deducida  de  lo$  promedioM  de  18  atU>9 
{1837-1914). 


Horas. 


6 !  i 

s  il 


!  J 


I 


I 


4-4. 
0-8. 

8-10 
1»-12, 
11-14 
14-10, 
10-18, 
18-20 
20-23, 
23-24 


-a37,-a60-a64 


-aio-a2i 


-a  28 


-a  ooi-a  57^-a  30^-a  4(ri-a  4il-a  34 


-au'+ai3 


-a  28 -a  30 


+L14-i-L44!+2.48'+3.06-H3.S2'+8.03 


-ML  26 -ML  14 -a  00 -ai4 -^14 -^10| -a  18 -a  07 


-1-2.08 -h3.a7,+2. 05 


-1-2.26 -i-1.97 


-ML08+L18|+a85;+a48-ML28-ML05 


-MLU  -MLi8|+ao4-aio;-<L3i  -a33-a51 
-O.50-a50|-a56^-aoo'-a47  -aoo 

-L38-L33-L4«-L16-L08-a80-L00 
-a86-L17-Ll«-L16-L25-L25-L20 

-a74-a76'-a7r-a7i -ao4-ao6-aoo^-a 
-a56'-aoo!-a77|-aoo-a75-ao7 


-i-2.01 


-f3.21 
-i-2.28 


-1-3.10-1-3.00-1-2. 30 -1-1. 91 


-1-2.48-1-2. 201-1-2. 03 
-ML  20^-ML  86 -ML  30^+a  43 


-HL30+2.44 


+2.86-1-2.72 


-1-2.44 


-a  00 -a  05 -a  88 -a  74 


-a  50 -a  57 -a  22 


+a  06 -ML  04 -ML  87 


-LOOj-LOO 
-L73-a87 
091 


+ao5-aio 
-a  75 -a  72 -a  00 

-L38 


u 

76 
-L  16^-1. 25 


-a  74 -a  68j-a  02|-a  51 


-1.W 

-a  03^ -a  55^ -a  56^ -a  58 -a  00 


-a  00 -a  60 -a  78 


-a  68 -a  07 -01 07 
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Tabla  VII. — Marcha  diuma  de  la  temperatura  en  la  Habana.  Diferenciat 
bihorarias  para  cada  mes  y  para  el  afio  de  la  media  mensual  y  anual, 
deducidas  del  promedio  de  18  anos  {1897-1914). 


Horas. 


2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

HedJa 
Dlf 


-1.89-2.11 

-2.26-2.61 

-2.45-2.82 

-1.31-1. 

+1.67+1.69 

+2.65+2.87 

+2.761+8.05 

+2.20[+2.46 

+a  82 +1.13 


-a  04 

-a  78 

-1.34 


21.26 
-8.19 


-0.04 
-0.79 
-1.48 


-2.37 
-3.01 
-3.24 

-a  76 

+2.19 
+3.04 
+3.08 
+2.52 

+1.07 

-o.a5 
-a  82 

1.59 


2.31 
-X91 
-3.02 


-2.38 
-2.95 
-2.82 


+0.06+0.50 
+2.32+2.47 
+2.80+2.75 
+2.701+2.44 
+2.101+1.97 
+0.95' +0.94 
0.21-0.31 
-0.92, -a  95 
-1.61,-1.70 


-2.29 
-2.68 
-2.42 
+0.61 
+2.62 
+2.67 
+2.34 
+1.68 
+0.80 
-0.45 
-1.11 
-1.78 


-2.45 
-2.85 
-2.71 
+0.50 
+2.84 


+3.04+3.14 
+2.53+2.64 

+1.84i+l  " 

+a8i+o. 

-0.48-0.48 
-1.14-l.ir 
-1.88-1.78 


-2.33 
-2.74 

—2. 80 
+0.30+0.33 

+2.78 


+2.6 
+3.0 
+2.4 


62 
01 
44 
69+1.56 
37 
40 
02 


+0.3 

-0.4 

-1.0 

1.6 


-1.87 
-2.15 
-2.29 

+aoi 

+2.03 
+2.46 
+2.24 
+1.50 
+0.35 
-a  24 
0.79 
-1. 


-1.89-1.79 

-2.19-2.15 

-2.35-2.33 

-0.44-1. 

+1.92, +1.69 

+2.58+2.63 

+2.471+2.68 

+1.72+1.961+1, 

+0.47+0.58+a 

-0.19,-0.20 

-0.75-0.73 

-1.33-1.30 


-2.16 
-2.50 
-2.66 
-0.22 
+2.24 
+2.80 
+2.61 
93 
84 
-a  26 

-a  91 

1.59 


21.65 
-2.80 


22.91    24.03  25.44 
-1.64-0.42+0.99 


26.36 
+1.91 


26.92'  27.0? 
+2.471+2.5: 


26.60]  25.56 
+2.15+1.11 


23.52  22.13 
—0.93—2.32 


24.45 


En  la  preparaci6n  de  las  tablas  que  presentamos  en  este  trabajo  sobre  la 
temperatura  de  la  Habana,  hemos  utillzado  solamente  los  datos  desde  1897  a 
1914.  Segiin  dejnmos  eonslgnado  mfis  arrlba,  la  coloeaci6n  de  los  tenn6metro8 
en  toda  la  ^poca  anterior  dejaba  algo  que  desear  y  sus  indicaciones  no  ofrecfan 
seguridad  absoluta  de  alta  precisI6n. 

En  1897  se  Instalaron  los  term6raetros  en  caseta  de  perslana  construlda  en  la 
azotea  con  clrculaci6n  libre  a  todos  los  vientos  y  sin  edlficios  cercanos  que 
pudiesen  influir  en  ellos.  La  experiencia  mostrd  bien  pronto  algunas  de  esas 
deficiencias,  que  confirra6  despu^s  el  curso  del  tiempo,  demostrando  que  las 
lecturas  tennom^tricas  del  perfodo  anterior  pecaban  por  exceso,  sobre  todo  en 
dias  de  calma  en  verano. 

La  nueva  instalaci6n  en  caseta  de  doble  persiana,  de  doble  tecbo  de  madera, 
domlnando  por  su  elevaci6n  casi  todos  los  edificios  de  la  ciudad  en  sus 
alrededores,  y  con  term6metros  comparados  en  los  centros  cientfficos  mAs 
acreditados,  ofrece  plena  satlsfacci6n,  y  solo  podria  mejorar,  si  en  vez  de 
estar  dentro  d*»  la  ciudad  estuviera  en  las  afueras  de  ella  en  terreno  algo 
extenso  y  cultivado,  sin  edlficios  pr6ximos  a  la  redonda  y  con  horizonte  abierto 
a  la  libre  circulaci6n. 

El  perfodo  de  18  aflos  para  pafses  tropicales  es  tambi^n  m&s  que  suficiente 
para  dar  resultados  de  alta  precisi6n.  En  consecuencia,  los  valores,  que  aquf 
presentamos  sobre  el  importante  factor  climatol6glco  de  la  temperatura,  pueden 
considerarse  como  definitivos  para  la  Habana,  al  menos  dentro  del  casco  de  la 
ciudad. 

Las  Tablas  V,  VI  y  VII  definen  la  marcha  regular  del  term6metro,  tanto  la 
diurna  como  ]a  anual.  En  la  primera  de  dichas  tablas  se  ponen  los  valores 
medios  de  la  temperatura  en  cada  una  de  las  horas  de  observaci6n  bihoraria, 
correspond  ientes  a  cada  mes  y  al  afio.  Est&n  deducidos  de  los  promedios  de 
los  18  afios  mencionados. 

CJomo  acaecia  con  la  presidn  atmosttrica,  las  observaciones  directas  solo  nos 
dan  los  10  valores  de  las  horas  pares  desde  las  4  a.  m.  hasta  las  10  p.  m.  de 
cada  dfa.  Los  dos  valores  restantes  que  faltaban  en  la  coleccI<3n  para  com- 
pletar  el  perfodo  diurno,  en  vez  de  calcularlos  por  la  f6rmula  de  lnterpolaci6n 
que  usamos  para  la  presi6n  atmosf^rica,  han  sido  hallados  tomando  los  valores 
diarios  de  esas  dos  horas  de  los  aparatos  registradores.  El  trabajo  f u6  fmprobo ; 
pero  era  grande  nuestro  interns  por  presentar  completo,  y  con  el  m6s  alto  grado 
de  i>recisi6n  posible,  el  cfrculo  diario  de  la  temperatura,  y  su  verdadera  media 
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meDSoal  y  anoal ;  y  as(  desde  el  l""  de  enero  de  1897  hasta  el  31  de  dlciembre  de 
1914,  teniendo  delante  el  reglstro  dlario  con  la  obseryacl6n  de  10  noche  y  4 
mafiana,  y  la  corra  del  teriii<)grafo  de  ese  Interralo,  hemoB  Ido  anotando  dfa 
por  dia  los  valores  de  la  temperatura  de  las  12  nocbe  y  2  mafiana  en  los  18 
afios,  i>ara  calcolar  los  promedios  correspondientes. 

Al  Introduclr  .las  dos  nuevas  observaciones  en  los  promedios  generales  cam- 
blaban  necesariamente  todos  sus  valores,  y  fa^  preciso  rebacer  muy  prolijas 
<^)eracioiies,  para  poder  presentar  los  coadros  de  este  trabajo.    La  media  ge- 
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Plaxcha  ni  A.— Marcha  diurna  de  la  temperatura  en  la  Habana. 

neral  ha  descendido  por  la  influencia  de  las  dos  observaciones  nuevas  de  24''^ 
a  24^.45  C,  que  puede  aceptarse  isomo  la  verdadera  representaddn  de  la  tem- 
peratura para  la  Habana. 

La  Tabla  VI  muestra  la  variaci6n  media  bihoraria  del  term5metro  en  cada 
mes  y  en  el  alio  en  cada  dos  boras  no  s61o  en  la  magnitud  sino  tambi^n  en 
■igno ;  y  la  Tabla  VII  presenta  las  diferencias  entre  la  media  general  de  cada 
mes  y  d^  afio,  y  la  media  de  cada  bora  de  observaci6n  bihoraria.  Los  nAmeros 
de  esta  lUtima  tabla  ban  servido  para  el  trazado  de  las  curvas  de  la  marcha 
diuma  de  la  temperatura  contenidas  en  la  Plancha  III  A  B  y  C. 
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Al  pie  de  la  Tabla  VII  reproducimos  la  media  mensual  y  anual  para  mayor 
faciUdad  en  el  examen  comparativo,  y  debajo  de  dichas  medias  meosuales  we 
pone  la  dlferencia  de  las  mismas  con  la  media  general  del  afio,  que  ha  servido 
para  el  trazado  de  la  carva  anual  de  la  Plancha  VI. 

Las  curvas  de  la  temperatura  est&n  trazadaa  dando  a  la  ordenada  nn  mill- 
metro  de  longitnd  por  cada  dMma  de  grado  c^itlgrado.  Los  ntimeros  de  la 
Tabla  VII  son  la  medida  de  dicba  ordenada  en  cada  bora  de  obseryaddn  bi- 
horaria  para  la  curva  dinma,  y  en  cada  mes  para  la  carva  annal.    Uniendo  laa 


Mayo 


Jurib 


A^)C^ 


2SAC 


2&4C 


26S»C 


27.0  C 


PuorcHA  ni  B.— Mareha  dluma  de  la  temperatura  en  la  Habana. 

cabezas  de  dichas  ordenadas  con  Ifnea  regular  al  tenor  de  la  variaci6n  dlurna 
y  anual  se  obtuvieron  las  curvas  presentadas. 

El  examen  de  las  tablas  y  curvas  juntamente  muestra  que  la  marcha  diurna 
de  la  temperatura  inicia  el  ascenso  desde  los  alrededores  de  la  salida  del  sol, 
sube  rdpidamcnte  de  7  a  10  A.  M.  se  mantiene  elevada  hasta  las  proximidades 
de  las  4  P.  M.  y  desciende  suavemente  hasta  la  minima  del  dfa  siguiente» 
ofreciendo  un  minimo  y  un  m&ximo  cuya  oscilaci6n  media  es  de  unos  5''.5  O. 
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Bl  minimo  en  la  mayor  parte  del  afio  tiene  lugar  cerca  de  las  6  A.  M.  y  el 
m&ximo  al  mediodfa.  Bn  mayo,  Junio  y  Julio  el  mfnimo  se  adelanta  a  las  4 
A.  1(L«  mientras  el  m&ximo  ae  retraaa  a  las  2  P.  Bi.  en  los  meaes  de  didembre  a 
mano  induaive.  El  mes  en  que  la  oecllaci6n  media  dinma  ea  mAa  alta 
cturresponde  a  marzo  con  6*^  C,  y  d  de  menor  06cilaci5n  ea  octnbre  con 
4\75  O.    La  06cilaci5n  media  dinma  de  todo  el  afio  es  de  5*.46  C. 


(Septiembre 


ocKArt 


Noviembre 


Diciembre 


Alio 


26:6  C 


23.5C 


25:5  c 


22:1c 


24:4  c 


Plamoha  in  C— MarthA  dfamt  de  la  tomptntoiB  mt  la  Hateoa. 

lEk  hecho  de  adelantarse  a  las  12  dd  dfa  o  algo  antes  el  m&ximo  dinmo  en 
loa  meaea  de  mda  calor  ae  d^>e  a  la  Inflnenda  de  laa  torbonadas  el^ctricaa  y  a 
la  briaa  had^ndoae  bien  patente  an  inflnjo  en  el  achatamiento  de  la  cnnra  de 
algnnoe  meaea  deade  laa  inrlmeraa  horaa  de  la  tarde. 
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Tabia  Vni. — Temperatura  a  la  somhra  en  la  Habana. 


Mes. 


Enero 

Febrero.... 

Karso 

Abrll 

Mayo 

Jonio 

Julio 

Agosto 

Septiembre, 

Octubre 

Novlembre. 
BIciembre. 

Aflo 


Media- 


2L3 
2L« 
22.9 
24.0 
2&4 
26.4 
20.9 
27.0 
20.6 
2S.6 
23.5 
22.1 


24.4 


la  mis 


23.0 
23.6 
24.6 
26.1 
26  8 
27.4 
27.7 
28.0 
27.4 
26.6 
26.3 
23.5 


25.1 


I 


19.5 
2a3 
21.0 
22.7 
24.5 
25.3 
26.3 
26.3 
25.8 
24.8 
21.8 
20.2 


23.4 


3.5 
3.3 
3.6 
3.4 
2.8 
2.1 
L4 
1.7 
1.6 
L7 
3.5 
3.3 


1.7 


2&4 
29.6 
3a2 
31.2 
3L5 
32.2 
32.2 
32.5 
32.0 
3L4 
29.7 
29.4 


3a9 


13.1 
13.6 
14.9 
17.1 
19.6 
21.7 
2L9 
22.1 
2L6 
2ai 
16.7 
14.8 


18.1 


15.3 
16.0 
15.3 
14.1 
11.9 

ia5 
ia3 
ia4 
ia4 

11.3 
13.0 
14.6 


12.8 


Extrema. 


29.4 
3a6 
3L1 
32.2 
32.6 
33.5 
33.1 
33.6 
33.2 
32.4 
3a6 
30  2 


31.8 


13.0 
13.3 
14.7 
16.8 
19.3 
21.1 
21.2 
21.5 
2L6 
19.6 
16.4 
14.5 


17.7 


16.4 
17.8 
16.4 
15l4 
13.8 
12.4 
11.9 
12.1 
11.6 
12.8 
14.2 
15w7 


14.1 


3L5 
32.6 
32.7 
34.2 
33.9 
35.5 
34.0 
35.0 
34.5 
34.2 
32.3 
32.2 


35.5 


H).0 
10.0 
1L5 
14.1 
14.8 
19.0 
19.0 
19.8 
19.4 
16.7 
12.9 
1L8 


lao 


22.3 
23.3 
2L3 
30.1 
19.1 
16.5 
l&O 
15l3 
1A.1 
17.5 
19.4 
30.4 


35.5 


La  Tabla  VIII  presenta  los  caracteres  generales  y  m&s  salientes  de  la 
temperatura  en  la  Habana.  Las  slete  primeras  columnas  rezan  solo  con  las 
observaciones  regulares  bihorarias,  mientras  que  las  seis  restantes  se  refieren  a 
las  temperaturas  extremas.  La  primera  columna  reproduce  la  media  general  de 
cada  mes  y  del  afio,  y  la  segunda  y  tercera  dan  la  mayor  y  la  menor  entre  las 
medias  de  cada  mes  y  del  alio  en  todo  el  perfodo  estudiado.  La  quinta  y  sexta 
columna  nos  dan  para  cada  mes  y  para  el  afio  la  media  de  las  m&ximas  y 
mfnimas  correspondientes  a  las  boras  regulares  de  obseryacl6n.  Asf  las 
cifras  28.4  y  13.1  son  la  media  de  las  mdximas  y  mfnimas  de  los  18  eneros 
comprendidos  en  el  perfodo  de  tiempo  que  estudiamos,  y  las  cifras  30.9  y  18.1 
representan  la  m&xlma  y  la  minima  media  anual  deducida  de  las  medias 
m&ximas  y  mfnimas  de  los  doce  meses. 

La  segunda  parte  de  la  tabla  se  refiere  a  las  temperaturas  extremas  absolu- 
tas.  Las  columnas  octava  y  novena  dan  la  media  de  las  18  mftxlmas  y 
mfnimas  mensuales  para  cada  mes,  y  la  media  anual  estA  deducida  de  las 
medias  mensuales.  La  dMma  y  und^cima  columnas  contienen  la  lectura  mds 
alta  y  mds  baja  registrada  en  cada  mes  y  en  el  afio  durante  todo  el  perfodo  de 
los  18  afios.  Las  tablas  y  curvas  grdficas  que  acompafian  este  trabajo  nos  dis- 
pensan  de  descender  a  muchos  pormenores. 

La  media  general  del  afio  es  24** .4  O.  ilQ''  F.) ;  es  inferior  a  la  media  de 
Cayo  Hueso  donde  alcanza  25*.0  C:  en  M^ida  de  YucatAn  es  25*.8  C.  y 
mirando  hacia  el  oriente  encontramos  en  Port-au-Prince  una  media  general  de 
27''.1  G.  La  maxima  absoluta  de  todo  el  perfodo  estudiado  es  35''.5  O.  (96*  F.)t 
y  la  mfnima  tambi^n  absoluta  10** .0  O.  (50**  F.)  dando  una  variacidn  total  abso- 
luta de  25^5  C.  (46"  F.). 

La  variaci6n  entre  las  mftximas  absolutas  anuales  es  muy  escasa  de  un  afio 
a  otro.  De  los  18  afios  solo  tres  veces  lleg6  a  35'' .0  C,  dos  de  las  veces  en  un 
mismo  afio,  y  solo  dos  veces  baj6  a  33"  0.  siendo  la  mayor  de  las  mdximas  35".5 
y  la  menor  32°.7  C,  que  dan  una  oscilaci<5n  de  2* .8  0.  La  media  de  las  mAximas 
absolutas  anuales  es  34". 1  0. 

Mayor  resulta  la  variaci6n  absoluta  de  las  mfnimas  anuales  siendo  la 
mayor  14".8  C.  y  la  menor  10".0  C,  que  dan  una  diferencia  m&xlma  de  4"v8  O. 
La  media  de  las  mfnimas  absolutas  es  11".6  O. 
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Los  datos  que  preceden  respecto  de  la  temperatura  en  la  Habana  pertenecen 
todos  al  perfodo  de  los  18  aflos  (1897-1914).  En  afios  anteriores  hay  mftximaa 
bastante  mAa  altas,  cuya  precisi6n  no  ofrece  toda  segnridad  por  \ds  condldones 
de  expo8lcl6n  de  los  temi6metros.  La  minima  absoluta  es  tambi^  algo  m&s 
baja  y  alcanza  9**  .3  C. 

HT71CEDAD  SELATIVA. 

El  grado  de  humedad  de  una  regi6n,  considerada  bajo  sn  doble  aspecto  en  sn 
eetado  de  vapor  y  en  toda  forma  de  precipitaci6n  acuosa,  es  el  factor  m&s 
importante  del  cllma,  despu^s  del  factor  temperatura.  Trataremos  separada- 
mente  de  estos  dos  estados  del  factor  humedad,  abordando  prlmero  el  grado 
de  humedad  de  la  atm6sfera  procedente  de  la  cantidad  de  vapor  de  agua 
contenlda  en  el  aire  atm6sferico,  que  se  llama  humedad  relativa,  y  tratando 
mils  adelante  la  cantidad  y  distribucl6n  de  la  lluvia,  casl  la  tinica  forma  de 
precipitaci6n  conoclda  en  Cuba. 

Se  entiende  por  humedad  relativa  el  grado  de  saturaci6n  del  aire  ambiente, 
o  sea,  la  relaci6n  entre  la  cantidad  de  vapor  de  agua  que  existe  actualmente 
en  la  atm6sfera  envolvente  y  la  que  serfa  necesaria  para  saturar  dicha  atm6s- 
f era  a  la  temperatura  del  momento  de  la  observaci5n.  Se  expresa  en  cent^imas 
que  representan  el  nimierador  de  esa  fracci6n.  La  humedad  relativa  es  factor 
importante  del  clima  por  su  marcada  influencia  en  la  salubridad  general.  El 
aire  hiimedo  y  pesado  produce  depresi6n  na-vlosa  y  lenta  clrculaci6n  de  la 
sangre.  El  hombre  fdcilmente  resiste  temperaturas  altas  sin  gran  molestia, 
si  el  aire  estd  bastante  seco ;  pero  si  el  aire  estA  saturado  el  organismo  slente 
luego  ambiente  insalubre,  las  altas  temperaturas  se  hacen  pronto  insoportables, 
y  a  permanecer  mucho  tiempo  bajo  su  influencia  el  cuerpo  humano  comenzarA  a 
ezperimentar  alza  de  temperatura. 

El  aire  seco  y  cdlldo  favorece  la  evaporaddn  cutdnea  y  el  conslgulente 
^ifriamiento.  El  aire  saturado  hace  imposible  esa  evaporacl6n  y  deja  el 
organismo  a  merced  de  la  temperatura  ambiente.  Los  grades  intermedios  de 
humedad  Influlr&n  en  proporci6n  al  grado  de  saturacl6n  que  alcancen,  pero 
derta  cantidad  de  vapor  en  el  aire  es  beneficiosa  y  aun  necesaria  al  bienestar 
de  nuestro  organismo. 

Tabla  IX. — Marcha  dvuma  de  la  humedad  relativa  en  la  Habana,    Medias 
bihorarias  de  cada  mes  y  del  afio,  deducidas  de  los  promedios  de  4^  aflos 


Horms. 

» 

1 

Marzo. 
Abril. 

6 

1 

d 

1 

6 

1 

1 

1 

1 

j 

d 

% 

4 

84.37 
84.78 
81.91 
00.02 
03.59 
03.02 
00.48 
73.44 
77.10 
79.  OS 

84.28 
84.57 
80.2^ 
60.52 
6a  69 
6a  47 
03.44 
7a  71 
75.70 
78.21 

83.37 
K4.03: 
70.43: 
02.19 
58.19 
5S.30 
00.  82, 
07.831 
73.44 
70.75 

82.03 
82.95 
71.53 
59.87 
57.83 
58.33 
60.  4S 
66.95 
73.12 
76.08 

85.07 
85.19 
72.20 
62.77 
62.02 
62.60 
64.77 
7a  23 
70.35 
79.15 

87.80 
87.19 
74.55 
65.29 
64.85 
66.98 
67.49 
73.06 
79.91 
82.65 

87.30 
86.91 
74.25 
62. 7h 
62.38 
63.80 
66.43 
7L09 
78.22 
81.50 

87.70 
87.88 
77.08 
64.97 
63.83 
65.35 
68.10 
73.33 
79.30 
82.21 

88.74 
89.21 
.80.79 
68.44 
60.24 
08.03 
71.13 
77.29 
81.30 
83.80 

80.00 
88.93 

.84.78 
85.12 

83.04 
84.13 
80.57 
09.00 
64.03 
04.07 
07.35 
73.84 
77.15 
79.18 

85.59 

6 

85.74 

8 

80.  la  79.54 
69.78  68.57 
67. 51    65. 14 
6Sw30;  05.01 

77.48 

10 

05.82 

12 

03.03 

M         

03.70 

16 

18 

71.33 
70.74 
79.47 
81.07 

09.14 
74.96 
77.79 
80.17 

60.41 
72.40 

ao 

77.40 

22 

80.08 

Media 

74.46 

72.49 

70.14 

08.98 

72.10 

74. 8S 

73.47 

75.04 

77.50 

70.85   75  OR 

74.30 

73.77 
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Tabla  X. — Marcha  diuma  de  la  humedad  relativa  en  la  Habana,    Variaoi&n 
media  biJioraria  mentual  y  anual,  deducida  de  4S  aHos  (1872-1914), 


1 

i 

1 

Hons. 

H 

& 

» 

-< 

6 

1 

•^ 

1 

< 

1 

1 

^5 

6 

4-6 

-♦-  0.41 

+  0.29 

-h  0.66 

-  0.32 

-  0.48!-  0.67 

-  0.39 

+  0.12 

+  O.47I+  0.27+  0.34 

+  0.49 

+  0.15 

6-8 

-2.87 

-  4.29 

-  7.60-11.42 

-12.991-12.64 

-13.66 

-10.22 

-  8.42-  6.83|-  6.68 

-  3.56 

-  8.36 

8-10.... 

-12.29 

-13.76 

-14.24 

-11.66 

-  9.43!-  9.26 

-11.47 

-12.69 

-12.35 

-10.32 

-10.97 

-11.67 

-11.66 

10-12... 

-  6.03 

-  5.83 

-  4.00 

-  2.01 

-  0.75  -  0.44 

-  0.40 

-  1.14 

-  2.20 

-  2.27 

-  3.43 

-  4.OT 

-  3.73 

13-14 . . . 

-H  0.03 

-  0.22 

-f-  0.11 

+  0.50 

+  0.58'+  1.13 

+  1.42 

+  1.52 

+  1.79 

+  0.79 

+  0.47 

+  0.04 

+  0.67 

14-16... 

+  2.86 

+  2.97 

+  2.52 

+  2.15 

+  2.17+  1.51 

+  2.63 

+  2.75 

+  3.10 

+  3.03 

+  3.53 

+  8.38+  3.71 

16-18... 

+  6.96 

-f-  7.27 

+  7.01  -f-  6.47 

+  6.461+  5.57 

+  4.66 

+  5.23 

+  6.16 

+  5.411+  5.81 

+  6.49 

+  6.06 

18-20... 

+  3.66 

+  4.99 

+  5.611+  6.17 

+  6.13+  6.85 

+  7.13 

+  5.97 

+  4.01 

+  2.73+  2.84 

+  3.31 

+  4.W 

20-22... 

+  3.63 

+  2.61+  3.31I+  2.94 

I             1 

+  2.80+  2.74 

+  3.28 

+  2.W 

+  2.50 

+  2.20^+  3.38+  3.08 

+  3.6S 

Tabla  XI. — Marcha  diuma  de  la  humedad  relativa  en  la  Habana.  Diferen- 
ciai  mediaa  bihorarias  para  cada  mes  y  para  el  afio  de  la  media  memual 
y  anualy  deducidas  del  promedio  de  4^  afios  (1872-1914), 


Horas. 


S 


S 

•< 


S 


o 

I 


I 


I 


I 

5 


O 


4... 

6... 

8... 
10... 
12... 
14... 
16... 
18... 
20... 
22... 


MediA. 
Dife- 
renoia 


+  9.92 
+10.33 
+  7.46 

-  4.83 
-10.86 
-10.83 

-  7.97 

-  l.Olj 
+  2.65 
+  5.18 


+  11.79 
+12.08 
+  7.79 
-  5.97 
-11 


+13.33 
+  13.89 
+  6.29 
7.95 
-11.95 


74.46     72.49 
+  0.68-  1.28 


-12.02-11.84 

-  9.05-  9.32 

-  1.78-  2.31 
+  3.21+  3.30 
+  5.72+  6.61 


70.14 
-  3.63 


+13.65 
+13.97 
+  2.55 

-  9.11 
-11.15 
-10.65 

-  8.50 

-  2.03 
+  4.14 


+  7.08+  7.05 


68.98 
-  4.79 


+13.57 
+13.09 
+  0.10 

-  9.33 
-10.08 

-  9.50 

-  7.33 

-  1.87 
+  4.25 


72.10 
-  1  67 


+13. 
+12.31 
+  0.33 

-  9.59 
-10.03 

-  8.90 

-  7. 

-  1.82 
+  6.03 
+  7.77 

74.88 

+  1.11 


98^+13.83 
+13.44 
+  0.78 


+12.84 


2.62  + 


+12.73+11.24 
+11.71 
3.29 

-  9.06 
-11.36 
-11.47 

-  6.87 

-  0.21 
3.80 


1.81 


+  9.70+  9.84+11.83 

—  +  o.f 


10.69-10.07 
-11.09-11.21 

-  9.67-  9. 

-  7.04-  6.94 

-  2.38-  1.71 

+  4.75+  4.       .  _, 

+  8.031+  7.20+  6.30^+  4.82^+  5.09 


.26+  ; 


+  9.__  .  .  ^ 
+10.08^+10.04 
+  3.  - 

-  7. 
-9, 

-  8. 

-  6. 

-  0. 
+  3 


+  4. 

-  6.61 

-  9.94 

-  9.47 


83+11. 


46+  6.37  + 


53  -  6.94 


-  0.18 
3.71 


-6.30 
-10.37 
-10.23 

-  6.96 

-  0.46 
+  ■ 
+  4. 


3.86  + 


88  + 


97 

1.71 

-7.96 

-10.74 

-10.07 

-  7.86 

-  l.Sl 
t.68 
6.81 


73.47     75.04 
-  0.30+  1.27 


77.50 
+  3.73 


76.86 
+  3. 


08  + 


75.06 
1.81 


74.30 
+  0.68 


78.n 


En  las  Tablas  IX,  X  y  XI,  junto  con  la  Plancha  IV  A  y  B  presentamos  la 
marcha  diuma  de  la  humedad  relativa  para  cada  mes  y  para  el  afio.  La 
Tabla  IX  da  los  valores  medios  para  las  horas  de  observacidn  bihoraria  de 
cada  mes  y  del  afio.  Est&n  deducidos  de  los  promedios  de  43  afios  (1872-1914). 
No  hemos  podido  calcular  los  valores  de  las  12  noche  y  2  mafiana  por  falta  de 
tiempo.  Por  eso  damos  solamente  los  10  valores  correspondientes  a  las  10 
observaciones  diarias  desde  las  4  A.  M.  hasta  las  10  P.  M.  Asimismo  las 
curvas  auedan  en  bianco  desde  las  10  P.  M.  a  las  4  A.  M.  La  Tabla  X  nos 
ensefia  la  variaci6n  media  diuma  de  dos  en  dos  horas  en  signo  y  magnitud 
para  cada  mes  y  para  ei  afio. 

La  Tabla  XI  da  las  diferencias  de  la  liumedad  relativa  entre  las  medlas 
bihorarias  de  cada  mes  y  del  afio  y  la  media  general  del  mes  y  del  afio.  Los 
ntimeros  de  esta  Tabla  XI  han  servido  para  la  construcci6n  de  las  curvas  de 
la  Plancha  IV  A  y  B.  Al  pie  de  dicha  Tabla  XI  reproducimos  la  media 
mensual  y  anual  para  comodidad  en  la  coroparaci6n,  y  debajo  de  dichas  medlas 
mensuales  se  escribe  la  diferencia  de  las  mismas  con  la  media  general  del  afio, 
que  ha  servido  para  el  trazado  de  la  curva  anual  de  la  Plancha  VI. 

Las  curvas  de  la  Plancha  IV  estdn  construidas  dando  a  la  ordenada  doe 
milfmetros  por  cada  unidad  de  dichas  diferoricias  o  sea  por  cada  cent^ima 
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<le  humedad  relatlya.  Pero  en  la  corra  annal  de  la  Plancha  VI  por  ser 
muy  pequefias  esas  diferencias  le  hemos  dado  cinco  mllfmetros  por  cada  unidad 
de  las  mismas. 

La  primera  ojeada  a  las  cunras  de  la  Plancha  IV  hace  resaltar  de  nn  mode 
brillante  que  la  marcha  diorna  de  la  humedad  relativa  es  totalmente  inversa 
de  la  temperatnra.    Bastarfa  hacer  girar  alrededor  de  su  eje  o  Hnea  central 
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Plahcha  IV  A^— Vtroha  dlama  <to  la  hnmndad  retetlT*  en  la  Habtna. 

cnalquiera  de  las  coryas  de  nn  factor  para  obtener  las  del  otro  con  notable 
aproximad^n.  Arranca  la  corra  de  la  humedad  relativa  con  un  valor  m&xlmo 
hacia  las  4  A.  M^  desdende  con  rftpida  pendlente  entre  7  y  10  A.  M.,  completa 
la  lnv«rsi6n  con  cnrvatura  regular  y  moderada  alcanzando  un  mfnlmo  hacia 
medio  dia,  y  desde  cerca  de  las  4  P.  M.  inicia  m&s  pronunciado  ascenso  cuya 
pendlente  va  declinando  por  grados  hasta  las  10  P.  M. 
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Tabla  XII. — Hume  dad  rdativa  en  la  Ilabana, 


Mes. 


Enero 

Febrero 

Marzo 

Abril 

Mayo 

Junio 

Julio 

Agosto 

Septiembre 

Octubre 

Noviembre. 
Diciembre. 

Aiio 


Media- 


Oeno- 
ral. 


74.46 
72.53 
7a  14 
68.13 
72.10 
72.68 
74.17 
75.03 
77.48 
76.84 
75.08 
74.30 


73.58 


lamAfl 


alta.      baja. 


70.6 
77.2 
76.2 
74.8 
81.2 
81.3 
79.3 
79.6 
83.3 
82.0 
80.3 
80.9  j 


68.9 
67.3 
64.4 
62.9 
66.2 
68.1 
68.3 
69.2 
72.7 
72.8 
68.7 
66.7 


Dife- 
rencla. 


10.7 
9.9 
1L8 
11.9 
15.0 
13.2 
11.0 

ia4 
ia6 

9.2 
11.6 
14.2 


Extrema. 


75.4 


71.3 


4.1  I 


M4xi- 

MlDl- 

Dife- 

MAxl- 
ma 

Mini- 
ma 

Dif». 

media. 

media. 

reneia. 

abso- 
luu. 

ahso- 
luU. 

renda. 

96.1 

43.9 

52.2 

100 

33 

67 

93.8 

4L4 

52.4 

100 

28 

73 

94.6 

39.3 

65.8 

100 

17 

83 

93.6 

38.9 

64.7 

98 

32 

76 

92.0 

4a  7 

51.3 

100 

27 

78 

95.3 

47.1 

48.2 

100 

37 

O 

93.8 

45.7 

48.1 

99 

36 

O 

94.5 

47.9 

46.6 

100 

37 

6S 

95.1 

5a9 

44.2 

99 

88 

61 

95.8 

49.8 

46.0 

99 

38 

61 

96.0 

47.8 

48.2 

100 

33 

67 

94.3 

45.9 

48.4 

100 

33 

67 

94.3 

44.9 

49.4 

100 

17 

88 

Jiio 


A^osto 


Septbre 


Octubrc 


Novbre 


Dicbre 


And 
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15 
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73.50 


Plancha  IV  B'—  Marcha  diurna  de  la  humedad  relatlva  en  Habaiw. 
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La  varlacWn  media  diurna  alcanza  un  valor  bastante  elevado  de  22.71  para 
todo  el  afio;  siendo  la  maxima  media  en  marzo  con  25.88,  y  la  mfmina  media 
en  octubre  con  19.42. 

La  Tabla  XII  muestra  los  caracteres  generates  m&s  sallentes  de  la  humedad 
relativa  durante  el  afio.  No  necesita  expllcacl6n  por  ser  andloga  a  la  de 
sus  similares  anteriores.  Por  ella  se  ve,  que  si  bien  el  grado  de  humedad  en 
conjunto  es  elevado,  no  es  sin  embargo  peligrosamente  excesivo.  Los  casos 
de  saturaci6n  se  observan  con  alguna  frecuencla,  pero  duran  poco ;  y  las  varia- 
ciones  alcanzan  Ifmites  considerables.  La  columna  s^tima  de  la  Tabla  XII, 
que  da  las  diferencias  entre  la  media  de  las  m&xlmas  y  la  media  de  las  mfnl- 
mas  mensuales,  contiene  clfras  cuyo  promedio  se  acerca  a  los  50.  El  grado 
m&s  bajo  de  humedad  relativa  registrado  en  el  observatorio  durante  los  43 
afios  es  17  en  el  mes  de  marzo  dando  una  variacl<5n  total  absoluta  de  83. 

tensi6n  del  vapob. 

La  tension  del  vapor  de  agua  en  la  atm6sfera  constltuye  un  mismo  factor 
cllmatoI<5gico  con  la  humedad  relativa  y  es  un  elemento  Importante  y  necesario 
para  la  determinaci<5n  de  la  misma.  Una  y  otra  cantidad  han  sido  halladas  por 
las  Tablas  de  Arnold  Guyot,  construldas  segiin  la  f6rmula  de  August  modiflcada 
por  Regnault,  publlcada  por  la  Smithsonian  Institution. 

Respecto  de  la  tensi6n  del  vapor  de  agua  en  el  aire  ambiente  nos  limitaremos 
a  presentar  las  tablas  an&logas  a  las  de  la  humedad  relativa  que  den  idea  de 
la  marcha  diurna  de  dicha  tensi6n  y  sus  caracteres  mds  salientes  durante 
el  afio. 


Tabla  XIII. — Marcha  diurna  de  la  tensi6n  del  vapor  de  la  atmdafera  en  la 
Hahana.  Medids  bihorariaa  de  cada  mes  y  del  aiiOt  deducidas  de  los  prome- 
dios  de  4S  ailos  (1872-19n). 


Hons. 

H 

1 

1 

< 

d 

1 

•^ 

1 

< 

1 

1 

1 

1 

1 

i 

4 

14.17 
14.0ft 
14.40 
14.61 
14.66 
14.62 
14.80 
14.97 
14.87 
14.76 

14.32 

14.75 

15.80 

15.  n 

16.15 
15.67 
15.81 
16l02 
16.24 
16.44 
16.62 
16.46 

17.75 
17.88 
18.41 
18.02 
18.29 
18.28 
18.44 
18.59 
18.60 
18.61 

19.66;  19.75 
19.80  2a03 
20.75  20.92 
20.30  20.27 
2a 42  2a67 

20.45  20.64 
2a 49  2a59 

20.46  2a  67 
2a  47   2a  70 

2a32  2an 

20.12 

2a  21 

18.78 
18.5.1 
19.39 
19.06 
19.19 
19.22 
19.11 
19.30 
19.24 
19.21 

ia44 

16.36 
16.89 
16.71 
16.72 
16.84 
ia88 
17.05 
16.99 
ia90 

14.64 
14.56 

17.20 

6 

14.20   14.63 
14.67|  15.14 
14.40'  14.73 
14.31|  14.74 
14.48   14.94 
14.741  li5.1« 
15.05!  16.39 
15.11    16.49 
15.00  16.37 

2a  26;  20.18 
21.21   2L20 
20.581  20.68 
2aS2,  2a80 
20.95;  2a  91 
2a  96   20.96 
21.03   21.01 
21.011  20.96 
2a99|  2a8S 

17.18 

8  

14.96;  17.83 

10 

15.10 
14.93 
15.04 
15.23 
15.39 
15.31 
15.15 

17.51 

12 

17.60 

14 

17.70 

16 

17.80 

18 

17.95 

SO 

17.04 

a. 

17.86 

Media 

14.50 

14.62   15.03 

16w08 

18.27 

20.31    2a  49 

2a79   2a7S 

19.10 

ia78 

15.03 

17.60 

Tabla  XIV. — Marcha  diurna  de  la  tensidn  del  vapor  de  la  atmdsfera  en  la 
Hahana.  Variaci&n  media  hihoraria  mensual  y  anual,  deducida  de  los 
promedios  de  43  aflos    (1872-1914). 


HOfBS. 


S-IO. 
10-12 
12-14 
14-10 
10-18 

20-22 


-ail 
+a34 
+a2i 
+ao5 
-a  04 
+ai8 
+ai7 
-a  10 
-a  12 


-0.12 

+a37 

-0.17 
-0.09 

+ai7 
+a28 
+a3i 


-an 


-a  12 
+a5i 

1.41 

-i-aoi 
+a2o 
+a22 
+a23 
+ao6^+aio 

-0. 12, 


-o.oo+ao8 

+0.44+0.58 


I 


-a  48 

+0.14 

+a2i 
+a22 
+a2o 
+ao6 
-a  07 


+ai4+a32 
+a95+a85 


-a  39 

+a27 

-a  01 

+ai6 

+ai5 

+aoi-a2oj+ao3! 

-ao9+ao6 


>-a45 
r  +a  12 
i+ao3 
j+ao4 
J -a  03 


-a  65 
+a3o 
+ao7 

+0.05' 

+ao8 


+a24 


+a  14  -a 

+a95+L 
-0.63 -a 
+0.24'+a 

+a  13  +a 
+aoi!+a 
+ao7+a 

—0. 02  —0. 

-a  02 -a 


03 -a  25 -a  08 
02+a86+a53 
52 -a  33 -0.18 


+ai3!+aoi 


+ao3 
-an 
+ai9 
-a  06 


+ai2 
+ao4 
+ai7 
-a  06 


-a  03 -a  09 


-a  08 -a  02 
''+a66 
-a  17 
+aoo 
-a  02 
+aio 
+ai6 

-0.03 

-a  06 


+a40 
+ai4 
-a  17 

+0.11 

+ai9 
+ai6 
-a  08 
-a  16 


Digitized  by  V^OOQIC 


160       PBOOEEDINOS  SECOND  PAN   AMEBICAN  SCIENTIFIO  C0NQBE88. 

Tabla  XV. — Marcha  diuma  de  la  tetuidn  del  vapor  de  la  atmdtfera  en  la 
Habana,  Diferencias  medias  bihorarias  para  cada  mes  y  para  eZ  aiio  de 
la  media  mensual  y  anual,  deducidas  del  promedio  de  4S  afios  il87£-19H). 


Horas. 


I 


4... 

«... 

8... 
10... 
13... 
14... 
W... 
IS... 
90... 


Media 

DUerenda. 


-0.42-0. 


-0. 

-0.19 

+0.02 

+0.07 

+0  03 

+0.21 

+0.38 

+0.28 

+0.16 

H.fiO 
-8.07 


30-0. 
42-0. 
06+0. 
22-0. 
31-0. 
141-0. 
121+0. 
43+0. 
49;+0. 
38!+0. 


-0.28^-0.52 

-0. 

+0. 


14.02j'  15.03 
-8.04-2.03 


-0.44 

+0.14 

-0.25 

+0.02 

06^+0.01 

16+0.17 

36+0.82 

+0.33 

+0.34 

18.27 


16.08 
-1.58+0.01 


-0.65 
-0.51 
+0.44 
-0.01 
+0.11 
+0.14 
+0.18 
+0.15 
+0.16 
+0.01 

20.81 
+2.65 


-0. 


-0.74 

-0.42-0. 

+0.43 

-0.22-0. 

+0.06-0. 

+0.15+0. 

+0.10+0. 

+0.18     " 

+0.21 


-0.1 


57 
60 
+0.421+0.42 
10 
02 
13 
18 


-0.] 
+0.( 
+0.] 
+0.] 
+0.J 


22+0. 
+0.22J+0.20+0. 


32-0. 


30 -a  46 


-0. 

-0.47 

-0,07 

+0107 

-0.10-0. 

+0.01 


-0.^ 
+0.1 
-0.( 
-0.( 
+0.( 
+0.10+0.30^+0.14 


-0.48 
+0.17 
-0.15 
08 
+0.04 


30+0.37+0. 
+0. 


36+0.38 
+0.21+0.28+0.28 
+0.12+0.12+0.30 


20.40  20.70 


+2.83 


+8.13 


30.78 


10.10 


+3.12+1.44 


16.78 
-0.88 


15.08 
-3.63 


17.( 


Las  Tablas  XIII,  XIV  y  XV  contienen  loe  valores  medios  bihorarios,  sus 
yariadones  de  dos  en  dos  horas  y  las  diferencias  bihorarias  de  cada  mes  y  del 
afio  con  las  medias  generates  de  los  mismos,  que  ban  servido  para  constmir 
las  corvas  de  la  marcha  diaria  de  la  tensi6n  del  vapor  en  la  Plancha  V,  y  la 
de  la  marcha  anual  en  la  Plancha  VI.  En  la  Planclia  Y,  por  ser  muy  pequefias 
las  diferencias,  se  di<5  a  la  ordenada  dos  milfmetros  por  cada  d^cima  de  los 
ndmeros  de  la  tabla.  En  la  cnrva  anual  de  la  Plancha  VI  se  di6  a  la  ordenada 
solo  un  milimetro  por  cada  d^ima.  Tampoco  se  dan  valores  mds  que  de  las 
10  observadones  diarias  por  la  raz<5n  apuntada  al  tratar  de  la  humedad  relativa. 

Tabla  XVI. — Temidn  del  vapor  de  la  atmdafera  en  la  Habana. 


Febrero.... 

Hano 

Abril 

Mayo 

Jimio 

Julio 

Agosto 

Septlembre 
Octubre.... 
Noviembre. 
Dk^tombre. 

Afio 


MedJft- 


gene- 
ral. 


14.57 
14.63 
15.03 
16.06 
18.26 
20.30 
20.48 
20.81 
2a  78 
10.14 
16.79 
15.03 


17.64 


la  I 


alta. 


16.84 
16.54 
17.11 
18.18 
2a  89 
21.96 
22.28 
22.58 
22.44 
21.39 
19.51 
16.91 


1&66 


1X22 
12.40 
12.37 
13.44 
16.21 
18.83 
19.22 
19.87 
19.71 
17.60 
13.75 
11.99 


15.96 


reDda. 


4.62 
4.14 
4.74 
4.74 
4.18 
3.13 
3.06 
2.71 
2.73 
3.79 
5.76 
4.92 


X70 


Bztrema. 


M4r 

sdina 
media. 


19.84 
19.77 
2a  26 
21.09 
22.77 
24.06 
24.01 
24.24 
23.99 
23.47 
21.82 
20.46 


22.15 


Ml- 

ntma 
media. 


8.08 
7.06 
8.79 
9.92 
12.60 
16.07 
16.24 
16.91 
16.77 
12.68 
ia09 
S.42 


11.97 


Dlf». 
ronoia. 


11.81 
12.n 
11.47 
11.17 
iai7 
8.01 
7.77 
7.33 
7.22 
ia79 
11.73 
12.04 


iai8 


MAr 

zima 
abeo- 
lata. 


22.56 
23.76 
23.02 
26.63 
2a  44 
27.83 
2a  95 
27.50 
2a  80 
25.85 
2a  03 
22.14 


27.83 


Mi- 
nima 
abao- 
luta. 


4.01 
5.30 
5.42 
5.73 
a06 

iao8 

12.99 
13.74 
12.83 

ang 
a  67 

6.90 


4.01 


011b- 


17.85 
ia48 
17.00 

2a  00 
lass 

14.75 

laoo 

12.76 
14.08 
17.77 
17.88 

ias4 


22.03 
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Tabla  XVII. — Cuadro  de  la  Uuvia  en  la  Habana  en  56  ailo8. 
[Bn  milfmetroe.] 
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Aiko. 

1 

1 

< 

1 

tt 

K 

. 

1 

1 

1 

1 

Doce 
meses. 

1880 

14&2 

0&8 

15w5 

56.4 

41.3 

114.4 

124.0 

51.1 

73.4 

81.8 

5L8 

38.0 

53.0 

150.7 

136w2 

4L8 

43.7 

11.3 

140.7 

226.4 

13.0 

28.6 

160.7 

0.7 

110.6 

80l7 

54.8 

68.3 

84.6 

a« 

146.5 
13.2 
87.6 
22.8 

106.0 
1L6 
U.4 
28.2 

16a  2 

a5 

40.0 
5a5 
234.0 
187.1 
72.5 
54.0 
32.7 
74-3 
64.9 
20.8 
62.2 
32.2 

oai 

76.6 
67.4 
12SwO 

&0 
88.8 
15.0 
20.7 

7.0 
36.4 
74.3 
60.0 
20.5 
50.0 
61.5 
41.2 

0.0 
47.2 
23.8 
33.1 
103.8 
42.7 
130.0 

isas 

37.7 
10.1 
70.7 

3.7 
28.5 
46.3 
140.8 
27.8 

0.2 
78.0 
111.0 
16.0 
46.7 
81.5 

6.7 
32.1 
128.2 
157.8 
31.3 
5L5 
76.8 
85.1 
89.0 
66.7 
87.0 
42.8 

2.1 
27.6 

7.0 
26.3 
36.0 
11.0 

1.0 
51.8 
40.6 
24.9 

10.8 
13.0 
6a8 

5a8 

68.7 
018 
6&6 

14.6 
13.2 
33.2 
53.4 
26.3 
0.0 
27.0 
26.0 
2.7 
27.2 
10.7 
31.0 

151.4 

10.2 

1.6 

35.8 

7.5 

243.6 
54.6 
36.2 
18.6 
80.4 
30.6 

128.3 
13.8 

126.6 
43.1 
14.2 
6L6 
33.3 
03.6 
81.7 
26.1 
23.1 
80.7 
13.1 
32.6 

123.6 
25.7 
27.3 
64.1 

ao 

6.3 
60.3 

ia6 

27.6 
5L0 
88.0 
11.9 

las 

152.0 
52.0 
25.7 
0.7 
62.1 
1.0 
40.0 
3a6 

167.5 

573.4 

62.0 

2.6 

4.0 

126.0 
43.7 

106.2 
60.0 
28.4 
6L6 
8a6 
2.0 
3L7 

124.8 
48.4 
17.4 
30.4 

204.0 
68.3 

2ao 

67.0 

1.6 

6a4 

a6 

28.6 
20.0 
47.1 

ao 

144.0 
22.0 
21.8 
7.0 
13.0 
38.8 
11.4 
17.6 

18L2 

ia4 

6.3 

1.0 

4a6 

6.2 

112.7 

6.2 

22.4 

106.0 

5a8 

27.1 
112.7 

82.7 
250.5 

66.7 
127.2 

44.4 
188.2 

07.7 

63.1 

iia3 

16a  5 

74.8 

6a4 

58.6 

78.4 
168.3 
81.0 
45.8 

loao 
44ao 

85.5 

103.6 
4a3 
6a4 

161.2 
77.7 
17.4 

344.0 
20.6 

444.7 

4ai 

32.2 
147.1 

66.0 
125.0 

68.6 
8.4 

35.2 

4a2 
252.7 
276.6 

a8 

64.4 

387.8 
16.0 

368.4 
86.2 
64.8 
78.4 
80.3 

16L4 
60.6 
46.4 

181.1 

76.1 

loao 

8L0 
230.7 

81.3 
185.7 

20.7 

04.1 
366.8 

6a2 
122.7 

2ia6 
oa6 

87.1 

i2ao 

387.4 
31.4 
242.4 

oa7 

72.5 
304.3 
241.0 
6a6 
810 

loao 

275.4 
208.0 
32a4 
385.0 
201.2 
236.2 
38.2 

8ao 

44ai 
272L1 
172.2 
06.5 
42a3 
133.6 
710 
813 

8ao 

163.6 
32a4 
184.6 
65.7 
46.7 
103.1 
148.9 
176.2 
123.3 

iia8 

233.6 
327.0 
28a6 
3L1 

014 

202.2 

ioa2 
1M.7 

2oi6 
110.7 
iss.2 

K#>.8 

132.4 
i;:5.3 
226.1 
ir>,'>.3 
276.8 
221.  i 
6.5.0 
2.V^.  1 

nK2 

1M.3 
173.1 
237.3 
Sfl.7 
2.)7.0 
lU.O 

iw.l 

91.3 
SO.  6 
31.6 
119.3 
111.7 
7^.6 
1M3.1 

i;a7 

163. 0 
UK).  7 
215.8 

nO.O 

sns.  4 
3Ci2. 6 
S;is.O 
343.7 
310.7 
37.3 
79.6 
2V1.7 
126.6 
3S.7 

i.y).2 

93.6 
134.3 
131.8 

-1,0 

307.0 

7.-.  8 

32:t.6 

302.0 

4(M.6 

46.4 

75,3 

102.4 

10,0 

161.0 
16.0 
16.9 
57.9 
63.3 
57.1 

148.7 
611 
37.4 

21a  8 
22.2 
47.7 
23.0 

101.0 
41.2 
84.0 
12.0 

4ao 
loao 

42.4 
24.2 
8.0 

nil 

48.2 

32.8 

262.6 

48.8 

18.6 

80.0 

180.0 

00.3 

201.6 

131.9 

5a6 

106.1 

106.0 

54.0 

80.7 

36.8 

47.7 

78.0 

ia2 

23.7 
136.3 
173.0 
710 
44.6 
6a3 
112 
63.4 
37.6 
61.0 
26a4 
35.3 
177.3 
81.3 

32.0 
75.7 
55.7 

oao 

113.7 

60.1 

14 

oao 
11a  0 

46.0 
27.7 
18.1 

loao 
10a  0 

68.1 
67.4 
a  6 
6ao 
22ao 

21.1 
24.1 

ioa2 

133.1 
13&4 
8.1 
21.0 
61.0 
17.1 
81.7 
76.8 
37.6 
20.0 
37.1 
33.9 
141.3 
23.8 
33.0 

oao 

7.5 

a2 

26.4 
5a6 
20.6 
18.4 
8a2 
38.4 
365.1 
8.0 
0L4 
71.7 
66.0 
36.4 

a6 

41.2 

8.6 
183.3 

1,14a  4 

I860     

88.5i  1616 

1,1614 
1,0714 
1,297.8 
1,148.0 
1,2111 
1,207.0 
1,167.2 
1,666.2 
1,256.0 
1427.2 
1. 176. 1 

1861 

124.1   228.2)  128.3 

1862 

207.8 
54.3 
13a3 

oao 

313.3 
17a  6 
40.5 
104.8 
208.2 

loao 

103.6 
2a3 
126.0 

oao 

247.1 
183.8 
6a2 
43.6 
1117 
108.7 
160.4 
128.7 
218 

las 

382.5 
8L6 
105.0 
133.0 
181.0 
156.4 
127.7 
117.0 
12a  7 

iiai 

78.7 
152.0 
147.0 
07.0 
164.2 
280.0 
71.8 
158.0 
86.0 
6a3 
87.6 
04.7 
133.4 

14a  4 

02.3 
62.3 
73.0 
67.0 
6a2 

144.  a  124.0 
200.5^  117.2 
180.0     02.2 
146.4  18a  0 
112.4!  173.0 
105.6   IKLB 

1868. 

1864 

1886 

I860 

1807 

1868 

76.» 
108.3 

8ai 

211.5 
162.0 
1110 
168.7 
260.2 

oas 

180.9 
176.0 
184.7 

67.6 
153.6 
107.4 

02.6 
252.0 
1110 
2517 
13a  1 

36.7 
287.6 
133.4 
221.6 

14a  0 

182.3 

oao 

118.0 
08.6 
146.2 
171.3 
12.0 
65.4 
15a  6 
010 
122.5 
117.3 
178.0 

loai 

60.6 
21a  7 
132.6 
184.6 
112.6 
270.5 
120.3 

67.6 

137.0 
178.8 
61.6 

4oao 

216.8 
1718 
150.6 
254.6 
113.2 
14a  7 
168.0 
146.7 
121.0 
135.1 
12a7 
104.0 
147.3 
152.4 
1118 

62.1 
164.4 

811 
311.7 
130.6 
2316 

sai 

26a7 
3417 
145.6 
103.4 
143.0 
63.7 
118.6 
148.3 
125.6 
01.6 
64.6 
86.5 
256.0 
75.8 
14a  3 
117.5 
02.6 

ao 

148.1 
16a  7 
103.0 

1800 

1870 

1871 

136a  2 

i,2iai 

1,002.7 
1,361.2 
1,0718 
1,360.7 
1,6710 
1,373.2 
1,118.0 

1872 

1873 

1874 

1876 

1870       

1877 

1878     

1870 

1880 

1,217.1 
1  22ai 
1.117.5 

1881 

1882  

1883 

1  164.2 
1.321.1 

1884         

1885 

1  223.7 
163a0 
1,253.2 
1  360.4 
1.616.0 

1886     

1887 

1888 

iS;::;:: 

1890 

l!436.7 

1881        

1  486.4 
1  48a6 
1,640.3 
1,288.3 
1  418.8 
128a2 
1,173.7 
1,01a  1 

1802 

1803 

1804 

180S 

1896 

1807 

18B8     

1800 

7oa4 

1900       

1.011.5 

1901 

1,633.3 

1908 

1  182.8 

1908  

1,31L0 

1904 

1  106.5 

1905 

1,090.4 
1,526.2 

1906 

1907 

7216 

1008 

1,222.4 

1000 

1,226.4 

1810 

1,120.3 

1011 

1,087.5 

1812 

1,234.6 

1813 

1,17a  4 

1014     

1,172.3 

Medte 

74.1 

40.0 

47.0 

67.2 

iia3 

172.8 

123.7 

146.1 

147.8 

171.1 

8ai 

63.1 

1,261.3 

Por  la  Tabla  XY  y  la  Plancha  Y  se  ve  que  la  marcha  diurna  de  la  tension 
del  vapor  de  agua  en  la  atm6sfera  tiene  un  camfno  enteramente  propio  y 
orlginaL  Bn  nada  se  parece  a  ninguna  de  laa  corvas  precedentes.  En  los 
meses  de  calor  arranca  de  un  valor  mfnimo  a  las  4  a.  m.,  snbe  r&pldamente 
hasta  las  8  a.  nL,  y  a  poco  decrece  no  menos  de  prlsa  hasta  otro  mfnimo 
secondarlo  entre  10  y  11  a.  m.  para  volver  a  subir  llgeramente  y  mantenerse 
casl  constante  hasta  las  10  p.  m.  Segdn  nos  alejamos  de  los  meses  de  m&s  calor 
la  cnrva  se  va  moderando  hasta  presentar  pendientes  muy  snaves  de  dlclembre 
a  febrero.    En  camblo  la  marcha  anual  de  la  Plancha  YI  slgue  may  de  cerca  los 
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pasos  de  la  temperatura,  si  bien  la  subida  sobreviene  m&s  tarde  y  mds  r&plda 
de  abril  a  Junlo,  alcanza  su  mayor  elevaci^n  en  agosto  y  septiembre  para 
bajar  con  cafda  brusca  de  octubre  a  didembra  En  conjunto  la  tension  del 
▼apor  oscila  entre  Ifmites  poco  distanciados  en  el  mismo  dfa  y  aun  en  el  afio. 
Durante  el  perfodo  de  los  43  afios  la  m&xima  absoluta  fu4  27.83  y  la  minima 
absoluta  de  4.91»  dando  una  yarlaci6n  total  absoluta  de  22.92. 


Fllscua  v.— liarcha  diurna  de  la  t«nsi<5n  del  vapor  de  agua  en  la  atm6s£era. 
LLUVIAS. 

La  cantldad  de  lluvia  es  un  elemento  de  la  mayor  importancia  en  el  clima  de 
una  region ;  y  en  relaci6n  al  desarrollo  vegetal  y  producci6n  del  suelo,  el  factor 
temperatura  y  la  cantldad  de  lluvia  son  los  dos  agentes  climatol6gicos  que 
constltuyen  el  nervio  vital  del  bienestar  y  prosperldad  agrfcolas.  Rawson 
lde6  una  formula  para  calcular  la  produccl6n  anual  de  aziicar  en  Barbadas 
segiin  la  cantldad  de  lluvia  en  el  afio,  habiendo  tornado  de  una  larga  experlencla 
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la  Intima  relacl6n  que  guardan  entre  sf  estas  dos  cantidades.  Un  c&lculo  seme- 
jante  en  Jamaica  di6  a  conocer  que  una  diferenda  de  20  pnlgadaa  de  lluvia 
anual  babfa  producldo  una  diferencia  en  cantidad  de  aziicar  por  yalor  de 

noo.ooo. 

El  cuadro  de  Uuvlas  en  la  Habana  por  meses  y  afioe  desde  la  fundaci6n  del 
Observatorio  del  Colegio  de  Bel^n  abai^a  un  perfodo  de  56  alios  y  sale  a  luz 
por  primera  vez  en  este  trabajo.  Se  ba  puesto  fntegro  por  el  valor  cientlfico 
que  representa  una  tan  larga  serie  de  observaciones  homog^neas  para  el  estudio 
de  los  cambios  seculares  de  nuestra  atm6sfera.    La  Tabla  XYII  ha  sldo  pre- 


Bflir6aetro 


reni6a»tro 


PLARCHA  VI.  llaroha  amal  d»  los  prlnolpalet  faetores  ollflMitol6gleos. 


fnXcT6me%r€ 


TMisl6n 


AO 


parada  con  gran  esmero,  consultando  los  orlglnales  mlsmos  del  registro  diarlo, 
por  baberse  encontrado  varies  errores,  algunos  de  bulto,  en  las  cifras  de  las 
publicadones  regulares  y  algunos  restimenes  de  los  primeros  afios.  Bsos 
mismos  errores  se  reproducen  en  la  tabla  que  public6  W.  F.  R.  Phillips  en  el 
Report  of  the  Chief  of  the  Weather  Bureau,  1897-98,  y  en  otra  presentada  por 
A.  H.  Brown  de  Londres  en  el  Quarterly  Journal,  Oct,  1914. 

Una  somera  ojeada  al  cuadro  da  idea  de  la  distribuci<5n  de  la  lluvia  durante 

el  alio.     Desde  luego  resaltan  en  41  con  claridad  las  dos  estaciones  seca  y 

Uuviosa,  bien  conocidas  en  Cuba.     Abarca  la  primera  de  noviembre  a  abril 

ambos  inclusive;  la  segunda  comprende  desde  mayo  a  octubre.    Sin  embargo  a 
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prlmera  vista  se  descabre  que  en  esa  distribaddn  cada  mes  sale  favorecido  con 
cantldad  no  despredable.  Son  raros  los  casos  de  pasar  nn  mes  entero  total- 
mente  sin  llnvia.  En  los  56  afios  solo  8  meses  est&n  absolutamente  en  bianco, 
correspondientes  a  febrero,  marzo  y  abril :  hay  otros  5  meses  en  que  la  lluvla 
no  ha  Uegado  a  1  milfmetro,  y  85  m&a  en  qne  la  llnvia  recogida  no  ha  pasado 
de  10  milfmetros.  Tambi^n  pneden  verse  tres  perfodos  de  seca  en  los  afios 
1871, 1882  y  1907  en  los  cuales  la  cantidad  total  de  lluvia  durante  8  meses  con- 


Afio  mm. 


18&tf 
1860 
1801 
1862 
1863 
1864 
1866 
1860 
1867 
1868 
1809 
1870 
1871 
1873 
1878 
1874 
1870 
1870 

ion 

1878 
1879 
1880 
1881 
1883 
1883 
1884 
1880 
1880 
1887 
18R8 
1880 
1800 
.1801 
1802 
1808 
1804 
1800 
1800 
1807 
1808 
1800 
1900 
1001 
1903 
1908 
1904 
1900 
1900 
1907 
1008 
1900 
1910 
1911 
1913 
1918 
1014 


1140 
1104 
1074 
1297 
1149 
1214 
1307 
1107 
1060 
1356 
1427 
1176 
ISOO 
1210 
1008 
1851 
1070 
1870 
1070 
1878 
lltO 
1217 
1220 
1117 
1104 
1331 
1234 
1080 
1258 
1800 
1017 
1487 
1480 
1480 
1040 
1388 
1410 
1300 
1174 
1010 
•^ 
1011 
1083 
1188 
1813 
1100 
1000 
1030 
730 
1333 
1330 
1130 
1087 
1384 
1178 
1173 


X 


s 


§ 


^ 
« 


8 


o 
9 


r 


^ 
^ 
« 


9i 


secutivos  fn4  11.5,  15.5  y  18.2  milfmetros  req[>ectivamente.  For  lo  dem&s, 
fuera  de  esos  perfodos  eztraordinarios  y  muy  raros,  la  llnvia  se  distribuye 
beneficiosamente  por  los  meses  del  afio  con  nn  promedlo  mfnimo  en  marzo  de 
47  mm.  y  otro  m&ximo  en  jnnio  de  172.8  mm. 

Cuanto  a  la  marcha  secular  de  la  Uuvia,  presentamos  la  Plancha  vn  repre- 
sentando  las  cantidades  anuales  de  todo  el  perfodo.    La  Ifnea  de  la  base  de  la 
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grdflca  corresponde  ya  a  700  mm.  de  lluvia,  y  lo  que  de  ese  valor  excede  cada 
afio  estA  representado  por  la  altura  de  las  dos  paralelas  que  se  levantan  frente 
a  dlcho  afio,  a  raz6n  de  1  mm.  por  cada  5  mm.  de  lluvia. 

En  la  grdfica  presentada  saltan  a  la  vista  notables  perfodos,  ora  de  abun- 
dancia  ora  de  escasez,  que  se  repiten  a  Intervalos  desiguales.  Empieza  con 
nn  perfodo  de  escasez  de  8  afios  (185^1866)  en  que  solo  uno  alcanza  a  la 
media  anual.  Hay  otro  de  7  afios  (1879-1885)  asimismo  inferiores  a  la 
media  excepto  uno;  otros  4  afios  extraordinarlamente  secos  de  1897  a  1900 
con  la  cantidad  minima  absoluta  de  lluvia  de  708  mm.  correspond iente  al  afio 
1899,  y  por  fin  termlna  con  otro  perfodo  de  seca  de  8  afios  1907-1914  en  que 
ninguno  lleg6  p  la  media. 

Intercalados  entre  los  citados  lapses  de  tiempo  con  escasez  de  lluvia,  se 
observan  otros  perfodos  lluviosos,  entre  los  cuales  el  m&s  notable  comprende 
los  11  afios  consecutivos  (1886-1896)  en  que  todos  ban  rebasado  la  media.  Vese 
otro  de  12  afios  (1867-1878)  en  general  recargado  de  lluvia,  si  blen  cuenta  con 
algunos  afios  separados  de  notable  sequfa. 

El  promedio  de  dias  lluviosos  para  cada  mes,  sacado  de  los  46  liltimos  afios 
(1869-1914)  oscila  entre  4.7  que  es  el  menor  y  corresponde  a  abrll,  y  15.2  que 
es  el  mayor  perteneclente  a  septiembre.  Por  lo  dicho  se  ve  que  tanto  la  can- 
tidad de  lluvia  como  los  dfas  lluviosos  se  reparten  ventajosamente  durante  todos 
los  meses  del  rfio  en  proporcl<5n  favorable  a  los  fines  de  la  producci6n  agrfcola 
y  otras  conveniencias  de  la  vlda.  Las  Tablas  XVII  y  XVIII  nos  dispensan  de 
descender  a  mAs  pormenores.  Solo  advertiremos  que  la  Tabla  XVIII  abarca 
solo  46  afios  (1869-1914)  excepci6n  hecha  de  la  primera  columna  que  reproduce 
la  media  mensual  de  los  56  afios.  Las  lluvias  excepcionales  en  la  Habana 
revlsten  a  veces  proporci6n  muy  subida,  y  por  no  haberla  tenido  en  cuenta  la 
(}ompafifa  del  Alcantarillado  recientemente  construido  se  producen  inunda- 
dones  con  alguna  frecuencla  en  diversos  barrios  de  la  ciudad,  convirti^ndose 
los  tragantes  de  los  conductos  pluviales  en  abundantes  manantiales  de  agua  que 
sale  a  borbotones  a  la  calle  ya  inundada. 

Tabla  XVIII. — Datos  generales  de  la  lluvia  en  la  Habana, 


Cantidad  de  Ihivia  en  milfmetros. 

Dfas  de  Ihivia. 

Mes. 

Media. 

UATlmfv 

Minima. 

MArlma 
en  24 
boras. 

Media. 

UAtIih^ 

Minima. 

Enero 

74.1 
49.0 
47.0 
67.2 
119.3 
172.8 
123.7 
146.1 
147.8 
171.1 

8ai 

63.1 
1,251.3 

2310 
167.8 
243.5 
673.4 
444.7 
446.1 
382.5 
279.5 
406.0 
404.6 
262.6 
365.1 

1,656.2 

0.5 
0.0 
0.0 
0.0 
6.8 
29.7 
16.3 
12.0 
9.9 
.31.6 
8.0 
4.4 

706.4 

163.2 
79.4 
82.5 
210.9 
150.3 
121.6 
103.5 
112.8 
95.6 
165.8 
192.1 
88.1 

210.9 

8.2 
6.1 
5.2 
4.7 
10.0 
13.5 
12.0 
13.7 
15.2 
16.0 
10.5 
8.7 

122.6 

14 
13 
11 
11 
23 
21 
19 
22 
25 
24 
17 
21 

153 

1 

7ebrero 

0 

Mano 

Abril 

Mayo 

Junto  .....,- 

JuHo 

Agosto 

S^tiembre 

Oetubre 

Noviembre 

Dieiembre 

Aflo 

99 

El  21  de  novlembre  de  1911,  en  6  boras  4  mlnutos  cayeron  184.5  mm.  La  canti- 
dad mAxlma  que  se  registra  en  el  Observatorio  del  Oleglo  de  Bel^  cafda  en 
24  boras  es  302  milfmetros,  y  la  cantidad  m&xima  en  1  bora  es  62  milfmetros. 
Lluvias  mds  intensas  son  de  corta  duraci^n,  d&ndose  aguaceros  de  42  mm.  en 
20  mlnutos,  y  otros  de  13.2  mm.  en  6  minutos,  que  representan  lluvia  de  mds 
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de  2  nmL  por  minuto.  Estos  datos  de  lluvias  extraordlnarias  de  menos  de 
24  horas  se  refieren  a  los  tiltimos  8  afios,  desde  que  se  install  el  pluvi^grafo 
Fuess  de  alta  precision. 

La  procedencia  de  las  lluvias  en  la  Habana  se  debe  prlndpalmente  a  dos 
causas,  las  turbonadas  el^tricas  y  las  perturbaciones  cicl6iiicas.  La  primera 
y  m&s  principal  es  la  formaci6n  casi  diaria  de  tnrbonadas  el^ctricas  acompafla- 
das  de  tmenos  y  fnertes  aguaceros  durante  los  meses  de  mayo  a  agosto  con 
un  m&ximo  en  junio,  como  lo  indica  el  promedio  de  lluvia  de  172.8  mm.  su- 
perior a  todos  los  otros  meses.  Estas  tormentas  el^tricas  tienen  su  origen 
generalmente  en  las  primeras  horas  de  la  tarde,  adelantAndose  unas  veces  y 
retras&ndose  otras,  y  en  su  nacimiento  parece  tener  no  pequefia  influencia  el 
choque  de  las  brisas  opuestas  de  las  costas  norte  y  sur,  al  encontrarse  tierra 
adentro  en  una  atm6sfera  fuertemente  caldeada  durante  la  mafiana  por  un  sol 
tropical,  y  animada  del  movimiento  ascensional  propio  a  proyocar  la  succi6n 
causante  de  las  brisas.  Dichas  turbonadas  en  ciertos  meses  son  casi  diarias 
tierra  adentro,  pero  muchas  veces  se  disipan  sin  llegar  a  la  costa. 

La  segunda  causa  principal  de  la  lluvia  en  Cuba  son  las  perturbaciones 
cicl<5nicas,  m&s  generalmente  sentidas  en  los  meses  de  septiembre  y  octubre, 
siendo  este  illtimo  el  m&a  favorecido  como  lo  demuestra  el  promedio  mensual 
de  171.1  mm.  el  mayor  despu^s  de  Junto. 

VDENTOS. 

Habida  cuenta  de  la  temperatura  del  aire  y  de  la  humedad  relativa  con  sua 
abundantes  lluvias,  que  reinan  en  la  Habana  durante  la  mitad  del  afio  pr6xima- 
mente,  se  viene  a  la  conclusion  de  que  la  Capital  de  Cuba  goza  de  un  clima 
cftlido  y  enervante  en  grade  notable :  y  en  efecto  asf  seria,  si  no  fuera  por  el 
regimen  de  los  vientos  reinantes,  cuya  influencia  beneficiosa  es  notabilfsima  en 
hacer  de  la  Habana  un  clima  sano  y  en  su  conjuto  agradable. 

La  direcci<5n  normal  del  viento  en  la  Habana  durante  el  dfa  es  del  primer 
cuadrante,  a  lo  cual  conspiran  juntamente  la  acci6n  de  la  brisa  y  la  influencia 
de  los  Alisios,  acerc&ndose  la  resultante  media  bastante  hada  el  E.  en  loe 
meses  de  verano,  y  por  el  contrario  inclin&ndose  m&s  bacia  el  N.  en  los  de 
invierno.  He  aquf  el  regimen  normal  diario  de  los  vientos  en  los  meses  de  calor. 
Nace  el  dia  con  calma  o  muy  d^bil  brisa  terral  del  SE.  De  7  a  8  A.  M.  la 
brisa  de  tierra  del  segundo  cuadrante  salta  al  mar  o  primer  cuadrante  con  muy 
poca  fuerza  al  principio,  pero  a  medida  que  avanza  el  dfa,  va  arreciando  por 
grados  hasta  despu^  de  mediodfa  en*  que  alcanza  una  velocidad  media  de 
5  a  8  metros  por  segundo,  para  declinar  asimismo  por  grados  hasta  la  cafda 
del  sol  y  pasar  luego  al  SE.  otra  vez,  de  donde  sopla  toda  la  noche  apenas 
perceptiblemente. 

Los  meses  frfos  guardan  menos  regularidad.  Tambi^n  durante  el  dfa  sopla 
el  viento  en  general  del  primer  cuadrante,  m&s  proximo  al  N.  que  en  verano; 
y  por  las  noches  con  frecuencia  persiste  en  la  misma  direcci6n  aunque  m&s 
d^bil;  pero  m&s  comtinmente  tambl^n  por  la  noche  se  establece  el  terral  del 
SB.  muy  d^bil.  Durante  los  meses  de  invierno  hay  no  pocos  perfodos  de  viento 
sur,  producldo  por  la  aspiraci6n  de  los  temporales  de  los  EiStados  Unldos,  que 
hacen  el  tiempo  caluroso  y  pesado,  y  van  generalmente  seguidos  de  otros 
perfodos  de  brisote  fuerte  frfo  y  anticicl6nIco,  que  se  inicla  del  NW.  y  va 
rolando  al  N.  y  NE.,  llamados  en  Cuba  Nortes  de  Invierno. 

Cada  uno  de  estos  perfodos  suele  durar  tres  o  cuatro  dfas  de  sur  y  otro  tanto 
del  lado  norte,  y  se  repiten  durante  el  invierno  cuando  por  los  Estados  Unidos 
cruza  alguna  fuerte  depresI6n  hacia  el  Atl&ntico,  seguida  de  algiin  fuerte  anti- 
cicl6n  como  sucede  con  frecuencia. 
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Tabla  XIX. — Frecuencia  relativa  de  la  direccidn  del  viento  en  la  Hahana. 


DlreccMn. 


i 


s 


I 
I 


I 


I 


N 

NNE. 
NE... 
ENE. 

E 

E8E.. 
BE.... 
88E.. 

8 

8SW,. 
8W... 
W8W. 
W.... 
WNW 
NW... 
NNW. 


147.0 

124.3 

99.1 

114.8 

120.8 

76.1 

©7.6 

64.4 

37.3 

20.6 

12.6 

8.5 

6.8 

14.7 

23.2 

72.6 


101.5 

99.9 

84.8 

110.5 

106.2 

74,2 

76.5 

97.3 

73.6 

18.5 

11.5 

7.3 

6.6 

26.4 

32.0 

73.2 


87.0 
100.4 
113.2 
163.5 
137.6 

75.9 

n.8 

76.9 

53.9 

16.1 

8.0 

5.4 

7.4 

7.1 

19.0 

46.8 


96.2 

134.3 

129.4 

165.1 

136.7 

75.6 

64.7 

48.0 

28.0 

9.9 

8.8 

3.1 

8.3 

18.5 

22.6 

49.6 


65.9 

164.6 

149.6 

196.5 

160.7 

62.4 

61.8 

34.2 

21.1 

6.9 

4.8 

4.4 

6.1 

9.6 

17.5 

48.1 

►  ■!» 


40.0 

109.8 

140.6 

162.8 

187.3 

88.0 

03.0 

TO.  4 

43.1 

18.9 

6.6 

2.8 

6.6 

3.1 

9.0 

19.2 


29.2 

122.1 

143.1 

200.8 

231.5 

82.0 

76.5 

29.8 

28.3 

11.6 

7.9 

3.9 

2.7 

4.6 

6.7 

19.4 


64.6 

127.6 

136.1 

160.2 

172.0 

88.7 

91.7 

43.2 

41.4 

13.2 

8.3 

6.4 

10.1 

12.3 

23.3 

26.4 


64.8 

101.1 

122.2 

132.3 

168.2 

81.0 

119.7 

69.6 

46.9 

18.9 

9.6 

6.9 

6.3 

10.4 

19.8 

32.8 


104.5 

151.3 

143.7 

146.2 

108.8 

68.4 

62.9 

46.8 

33.7 

21.3 

11.6 

5.5 

12.8 

16.8 

21.3 

46.6 


81.8 

162.4 

167.5 

209.2 

129.6 

52.1 

48.3 

40.1 

22.3 

8.8 

4.7 

3.1 

3.1 

6.6 

19.4 

41.1 


121.9 
110.2 
124.4 
166.6 
141.6 
62.8 

68.  r 

49.4 

33.4 

9.7 

10.9* 

7.© 

6.1 

19.1 

29.4 

48.4 

s 


Velocidad  del  Tiento  en  kildmetros.    Media  dlarla  para  cada  mes  de  41  afios. 


287   302 


261    227    216    207    206   280   294 


286 


En  la  Tabla  XIX  pnede  verse  la  frecuencia  relativa  de  las  diferentes 
direcciones  observadas  en  cada  mes  y  en  el  afio.  En  su  fonnaci6n  se  ban 
ntillzado  las  observaclones  blhorarias  durante  11  afios  consecutivos,  y  las 
dfras  expresan  el  ntimero  de  veces  que  est&  anotada  una  direcci6n  determlnada, 
puesta  en  la  primera  columna,  por  cada  mil  observaclones  hecbas.  Al  pi4 
de  la  mlsma  tabla  se  pone  el  promedio  diario  de  la  velocidad  del  viento  en 
kil6metro8  para  cada  mes  y  para  el  afio,  sacado  de  41  afios  (1874-1914). 
Los  ntimeros  expresan  el  promedio  diario  del  recorrldo  total  del  viento  en 
kll<5metros. 

Lo  primero  que  salta  a  la  vista  es  el  gran  predominio  de  los  vientos  com- 
prendidos  en  el  cuadrante  entre  el  N.  y  E.  ambos  Inclufdos.  De  todas  las 
demds  direcciones  s<31o  bay  una  al  SE.  que  llegue  a  reinar  100  veces  de  1,000 
observaclones,  y  s61o  en  el  mes  de  septiembre  con  119.7.  Las  restantes  est&n 
representadas  por  ntimeros  bajos,  de  modo  que  las  clnco  direcciones  dtadas 
Buman  un  contlngente  mucbo  m&s  alto  que  las  once  restantes  Juntas.  En 
estos  se  ven  ntimeros  aun  inferiores  a  5  por  1,000,  4  por  1,000  y  aun  3  por 
1,000. 

Al  primer  cuadrante  le  sigue  en  frecuencia  relativa  de  los  vientos  el  segundo, 
siendo  el  tercero  el  menos  frecuentado. 

Si  el  regimen  dominante  de  los  vientos  es  del  primer  cuadrante  cuanto 
a  su  direccidn,  todavia  lo  es  m&B  cuanto  a  su  recorrldo  o  velocidad.  Hablando 
de  condiciones  normales  del  tiempo,  cuando  no  interviene  la  influencia 
de  alguna  perturbaci6n  cicl6nica,  en  los  meses  de  verano  el  recorrldo  total 
del  dfa  le  pertenece  casi  entero  al  primer  cuadrante  y  solo  una  pequefia 
fracddn  al  s^undo.  Segfin  bemos  dicho  la  brisa  del  mar  que  sopla  casi  todo 
el  dia  alcanza  de  5  a  8  metros  por  segundo,  y  la  brisa  de  tierra  que  reina  de 
noche  y  algunas  de  las  primeras  boras  de  la  mafiana,  es  tan  d^bil  que  los 
anem6metros  apenas  se  mueven,  y  con  mucba  frecuencia  se  paran  del  todo 
0  est^n  irresolutos  par&ndose  varias  veces  en  una  sola  revolucl6n.  Las  direc- 
ciones del  tercero  y  cuarto  cuadrantes  son  generalmente  debidas  a  condiciones 
anormales  del  tiempo,  y  por  eso  cuando  reina  alguna  de  esas  direcciones  suele 
adquirir  m&B  velocidad. 

Ouanto  a  las  veloddades  excepcionales  al  paso  de  los  buracanes  es  diffcil 
determinarlas  con  precisi6n.    Cuando  el  viento  alcanza  su  apogeo  en  las  racbas 
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intensfsimas  de  un  hurac&n  bien  formado,  con  frecuencla  sufren  los  aparatos 
alguna  averfa,  o  si  esto  do,  el  registro  de  la  velocidad,  que  generalmente  depende 
del  movimiento  de  la  armadura  de  un  electrolm&n,  sofre  alguna  par^lsis 
u  omisiones  por  la  sucesidn  rapidfsima  con  que  el  anem6metro  cierra  el 
drculto  a  cada  revoluci<5n,  no  dando  tiempo  a  la  armadura  para  separarse  del 
electroimdn.  En  ^sob  casos  tiene  que  intervenlr  la  apreciaci6n  subjetlva 
m^  o  menos  expuesta  a  error.  Por  este  medio  se  habfan  anotado  yelocidades 
de  50  metros  por  segundo. 

9  Un  anem6grafo  de  absoluta  precision  se  ha  montado  recientemente  en  ^ 
Observatorio  que  registra  con  gran  fidelidad  las  vueltas  del  anem6metro  en 
cada  segundo  y  se  prob6  en  el  hurac&n  del  16  al  17  de  octubre  de  1910.  El 
mdximo  registrado  fu4  45  metros  por  segundo;  pero  el  registro  no  alcanz6  lo 
m&s  recio  del  huracdn  por  haberse  descompuesto  el  anem6metro  yendo  a  parar 
una  de  sus  cazoletas  a  la  casa  del  otro  lado  de  la  plazuela.  Elste  hurac&n  Junto 
con  otro  que  habfa  descargado  dos  dfas  antes  hizo  estragos  inauditos  en  la 
Provincia  de  Pinar  del  Rfo  que  azot6  de  lleno.  En  la  Habana  estuvo  sinti^- 
dose  la  influencia  de  esos  dos  huracanes  cuatro  dfas  consecutivos,  que  dieron 
un  recorrido  total  del  viento  de  5,809  kil6metros  en  los  cuatro  dfas,  a  raz6n  de 
1350,  1636,  1311  y  1512  respectivamente.  No  sabemos  de  un  caso  semejante 
en  la  historia  de  los  temporales  de  viento  tan  intenso  en  tan  larga  duracidn. 
Sin  duda  el  recorrido  total  en  muchos  puntos  de  Pinar  del  Rfo  hubo  de  ser 
aun  mucho  mds  grande  por  su  mayor  proximldad  al  vdrtice  del  hurac&n. 

BUPLEICENTO. 

Del  resto  de  la  isla  exlsten  datos  muy  deficientes  para  fundar  un  estudlo  com- 
prehensivo  del  clima  local.  En  general  puede  decirse  que  es  parecido  al  de  La 
Habana  con  algtin  recargo  de  temperatura  en  direcci^n  de  la  parte  oriental  de 
la  isla  y  algiin  recargo  de  lluvia  hacia  occidente.  Por  la  conflguraci6n  del 
suelo,  apenas  hay  localidades  cuya  altura  pase  de  100  metros  a  lo  largo  de  la 
isla  y  asf  los  climas  del  interior  no  ofrecen  grandes  diferendas  de  los  de  la 
costa,  y  carecen  de  los  caracteres  propios  de  otros  lugares  de  Centro  America 
que  ocupan  planicies  elevadas. 

Para  dar  alguna  idea  aproximada  de  las  condiciones  climatoldgicas  del 
resto  de  la  isla  hemos  formado  cuadros  comparativos  de  los  tres  factores* 
presi6n  atmosf^rlca,  temperatura  del  aire  y  cantidad  de  lluvia,  para  las  capl- 
tales  de  Provincias,  excepto  Santa  Clara  que  sustituimos  por  Cienfuegos  por 
falta  de  datos,  y  de  la  temperatura  y  lluvia  solamente  para  buen  ntimero  de 
lugares  repartidos  en  toda  la  isla.  Los  datos  estdn  tomados  del  Boletfn  Ofldal 
de  Agricultura  que  publica  las  observaciones  recogidas  por  el  Observatorio 
Nacional,  y  se  han  utillzado  para  varias  estaciones  10  afios,  y  aun  6  y  5  sola- 
mente para  algunas. 

Para  Cienfuegos  nos  hemos  valido  de  los  datos  de  cuatro  alios  que  lleva  publl- 
cados  el  Observatoro  del  Colegio  de  Montserrat  (1911-1914). 


Tabla  XX. — Pre9i&n  atmosfMca. 

Media 
[700mm+J 

y  anual 

en  provincioM. 

i 

1 

1 

1 

1 

1 

•-» 

1 

1 

1 

S 

1 

S 

6 
5 

Pinar  delRIo 

Habftna 

68.70 
63.78 
64.24 
63.13 
63.94 
62.77 

64.87 
63.29 
65.19 
62.47 
65.02 
68.63 

63.45 
62.78 
63.31 
63.85 
63.65 
62.22 

62.52 
61.92 
62.60 
61.64 
63.59 
62.55 

6L09 
6a  80 
6a  98 
60.75 
63.01 
61.48 

61.2^ 
61.35 
61.50 
61.47 
62.16 
61.53 

63.24 
62.80 
64.47 
62.16 
62.82 
62128 

61.04 
61.37 
62.31 
61.29 
6L41 
63.32 

59.45 
6a23 
6a  04 
6a  18 
6a  07 
58.88 

50.83 
59.83 
58.01 
59.50 
59.80 
69.40 

62.92 
61.91 
62.22 
6a  02 
61.28 
6a  41 

64.79 
63.27 
63.57 
61.65 
63.96 
62.76 

62.18 
61.91 

MatADCflii ..r»-T 

62.06 

Cienftiegos. 

61.39 

Ca  maguey -..t. 

63.49 

Santiago  de  Cuba.... 

6L67 
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Tabla  XXI. — Temperatura  a  la  sombra.    Media  mensual  y  anual  en  provincias. 


■a 

I 


PtoardelRlo.... 

BatobADd 

A^uacate 

iMtaiixas 

fioledad 

Oimajaanl ^. 

MbfAQ... ......... 

Stwart 

Camasaey 

Santuijso  de  Cuba. 
Cleoliieeos 


2L9 
23.7 
10.0 
20.9 
2a3 
19.2 
18.4 
2L8 
22.1 
28.3 
23.4 


2SL3 
23.3 
20.5 
20.9 
2L3 
19.6 
18.5 
22L3 
23.0 
23.4 
23.2 


23.7 
20i9 
22L6 
2L9 
2SL6 
21.6 
19.5 
23.7 
24.3 
24.8 
24.5 


25.4 
28.8 
24.2 
28.9 
911 
23.7 
2(15 
25.8 
26.1 
25.8 
25.8 


27.1 
29.4 
25.2 
25.5 
25.8 
24.2 
22L3 
26l2 
26.7 
26.4 
26.7 


27.2 

sac 

35.6 
26.3 
25.8 
25.0 
2S.6 
27.2 
27.1 
27.0 
27.0 


28.0 
31.7 
25.8 
37.8 
36.2 
25.6 
34.0 
27.8 
27.8 
27.6 
27.8 


28.0 

sa9 

26.1 
27.3 
20i4 
26.7 
24.5 
27.3 
27.9 
27.6 
27.7 


27.7 
31.0 
25.8 
26.8 
25.8 
34.9 
34.6 
36.9 
26.9 
20i5 
27.1 


26.6 
29.1 
34.9 
25.5 
25.0 
34.0 
2SL8 
2^0 
25.8 
M.0 
20i4 


24.5 
26.8 
22.8 
22.8 
22.9 
21.  a 
20.2 
23.5 
24.2 
34.8 
24.3 


2SL3 
26.1 
20.9 
21.1 
2L8 
19.7 
19.5 
22.4 
22.4 
23.6 
23.9 


25.4 
28.0 
23.7 
34.1 
23.9 
22.8 
21.2 
25.0 
25.5 
25.8 
25.7 


Tabia  XXII. — Cantidad  de  Uuvia.    Media  mensual  y  anual  en  tnilimetros. 


H 

1 

1 

1 

6 

1 

i 

1 

1 

1 

S 

j 

i 

Pinar  del  Rio 

Bateban^ 

65.3 
28.3 
49.1 
55.4 
3L6 
48.7 

8a3 

20i6 
29.3 
35.5 
22.2 

47.6 
18.9 
56.6 
17.4 
24.4 
2L7 
19.2 
8.8 
23.1 
19.8 
16.8 

72.2 
5a9 
101.9 
68.2 
4L5 
38.5 
29.0 
16.6 
72L5 
35.1 
84.5 

87.1 
45.1 
78.1 
72L2 
83.9 
77.5 
78.6 
45.0 
8L0 
59.8 
82.6 

128.4 
126.1 
215.0 
14a  5 
144.8 
153.7 
165.9 
118.4 
168.5 
164.0 
137.2 

200.4 
153.6 
82!i.O 
2917 
200.9 
25&5 
349.2 
187.8 
219.8 
178.2 
146.1 

17a  0 

148.1 
226.3 

83.5 
186.6 
138w4 
120.6 
135.2 
155.2 

36.9 
109.1 

233.4 
163.6 
25a5 
186.0 
16917 
16L2 
176.8 
133.4 
183.3 
93.2 
137.4 

4015 
253.2 
307.1 
145.9 
2ia5 
15a  5 
232.5 
308.2 
213.3 
1715 
175.7 

28ai 

348.5 
202.4 
20a7 
203.0 
177.0 
138^4 
169.6 
95.7 
205.9 
166.5 

115.2 
133.9 
98.6 
91.6 
87.8 
198.6 
106.5 
62.4 
61.8 
Iia4 
96.0 

35.0 
2^4 
93.5 
123.3 
48.1 
64.8 
3a2 
1.6 
17.8 
119 
2L8 

1,808 
1834 
1887 
1,404 
1*465 

Avtiacato 

liatanxas 

Boledad 

Camafnanl 

1,483 
1,757 
1.114 

lfortn.rr..J.l..ll... 

Stwart 

Cwnarfley 

1,320 

SaoUagodeCoba.... 
OimAMtem^ 

1.061 
1,064 

Las  Tablas  XX  y  XXI  contleDen  los  promedlos  mensuales  de  los  factores 
Indicados  de  esas  estaclones  que  nos  ensefian  la  marcha  anual  de  la  presldn 
atm6aferica,  la  temperatura  del  aire  a  la  sombra  y  la  cantidad  de  Uuvla. 

No  tenemoB  la  segurldad  de  que  las  dfras  conslgnadas  en  esos  cuadros  den 
con  preclsl6n  el  verdadero  valor  del  factor  cllmatol6glco  que  representan  en 
cada  una  de  la*s  estaclones  escogldas.  En  ellas  encontramos  algunas  anomaUas, 
que  compensa  la  mutua  armonla  del  conjunto.  La  causa  puede  ser  el  corto 
ntlmero  de  alios  que  se  ban  tornado  para  obtener  esos  valores  medios,  had^ndose 
sentir  en  ellos  grandemente  la  Influencla  de  varladones  poslbles  anormales. 
Pero  en  algunos  casos  entendemos  se  deba  a  la  poca  precision  en  las  lecturas, 
o  a  la  deficleute  lnstalacl6n  o  calldad  de  los  Instrumentos.  Sin  embargo,  en 
casl  la  totalidad  de  las  estaclones,  los  valores  dados  pueden  conslderarse  como 
sufidentemente  aproxlmados  a  la  verdad  para  formarse  Idea  de  cada  regl6n 
•efialada. 

Con  respecto  a  las  temperaturas  eztremas  llama  la  atend6n  que  en  todas 
las  estaclones  escogldas,  aun  aquellas  cuya  media  general  supera  considerable- 
mente  a  la  de  la  Habana,  la  minima  absoluta  es  bastante  Inferior  a  la  de  la 
Capital,  a  excepci6n  de  Santiago  de  Cuba.  Bn  las  dem&s  estaclones  se  leen 
mlnlmas  de  8°  a  3''.8  C,  y  aun  hemos  vlsto  una  de  0"*  C,  preclsamente  la  que 
m&B  alta  media  presenta  en  el  cuadro  aqui  trazado ;  pero  tal  minima  la  creemos 
Inadmlsible  por  la  estacl^n  en  que  se  conslgna.  El  caso  de  formarse  escarcba 
en  los  campos  del  interior  en  noches  despejadas  y  quietas  con  gran  radiad6n 
no  se  puede  declr  muy  raro  y  aun  algunas  voces  no  muy  lejos  de  La  Habana. 

Lo  que  sf  es  muy  raro  es  el  becho  de  congelarse  el  agua  en  los  bacbes  del 
camino,  y  aun  en  algunas  pocetas  algo  mayores  pero  de  poca  profundldad 
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basta  formar  capas  de  bielo  de  algtin  espesor.  Segt&n  Informe  de  testigos 
presenclales  dados  al  que  soscribe,  en  un  Ingenlo  de  la  demarcacl6n  de  Glen- 
fnegos  en  los  dfas  de  Navidad  de  1906  se  exhibfa  a  los  circunstantes  nn 
pedazo  de  bielo  natural  que  peed  dos  llbras.  En  esa  misma  fecba  un  co- 
rresponsal  de  Lagunillas  lnform<5  a  La  "Lucba"  que  en  unos  tanques  de  un 
Ingenlo  se  babfa  formado  bielo  de  una  pulgada  de  espesor  y  que  los  campos 
estaban  todos  cubiertos  de  escarcba.  Otros  corresponsales  afirman  que  el 
term6metro  en  otros  lugares  baJ6  a  0*  C,  y  que  ba  nevado.  La  formaci6n 
de  bielo  debe  considerarse  como  un  caso  totaUnente  extraordinario,  pero 
la  caida  de  nieve,  si  es  que  la  bubo,  es  un  fen6meno  desconocido  en  Cuba. 
No  se  babfa  ofdo  un  solo  caso  de  caer  nieve  ni  en  las  cimas  de  las  montafias 
m&s  elevadas.  No  muy  lejos  de  la  Habana  durante  esa  misma  ola  frfa  se 
refieren  tambito  lugares  donde  una  muy  delgada  capa  de  bielo  cubrfa  el  agua 
de  los  bacbes  del  camino;  sin  embargo  en  el  Observatorio  del  Colegio  de 
Bel^n  la  minima  absoluta  no  baJ6  de  11** .7  O.  Nuestra  minima  absoluta 
de  10**  C,  que  coincide  exactamente  con  la  observada  por  La  Sagra  en 
7  afios  (1825-1831),  dista  mucbo  del  punto  de  congelacidn,  y  solo  por  una 
fuerte  radiaci6n  nocturna  se  concibe  que  en  la  superficie  de  los  cuerpos  al 
aire  libre  alcance  tal  diferencia  de  temperatura,  como  es  necesaria  para  la 
formaci6n  de  bielo  y  escarcba,  sin  que  esto  signlfique  idtotico  descenso  en 
el  aire  ambiente.  El  Bar6n  Humboldt  afirma  sin  embargo  en  su  Ensayo 
Politico  de  Cuba  baber  ofdo  de  labios  del  Sr.  Robledo,  inteligente  observador 
de  fines  del  siglo  18  y  principios  del  19,  que  61  mismo  babia  visto  el  term6- 
metro  a  0**  C,  en  las  cercanlas  de  La  Habana. 

Otro  fen6meno  extraordinario  es  la  calda  de  granizo.  En  La  Habana  el 
que  suscribe  ba  visto  granizo  solo  dos  veces  en  18  afios,  una  de  ellas  tan  d6bil- 
mente  que  apenaa  se  bacfa  sensible,  otra  vez  fu6  bastante  intensa  la  granizada, 
y  los  granos  de  bielo  alcanzaron  un  tamafio  proximo  al  de  buevos  de  paloma. 
En  el  interior  son  algo  m&s  frecuentes  pero  siempre  constituyen  un  fen6meno 
raro,  y  en  algunos  cases  muy  extraordlnarios  ban  causado  dafios  de  considera- 
ci6n  en  los  campos  y  poblaciones  con  la  muerte  de  mucbos  animales  sorpren- 
didos  en  campo  abierto,  como  sucedi6  aun  bastante  redentemente  en  Placetas  y 
Sancti  Spiritus. 

Hemos  dicbo  que  el  clima  de  Cuba  estaba  muy  favorecido  por  el  regimen 
normal  de  las  brisas  y  la  corriente  Alfsea  por  aicontrarse  la  isla  enclavada  en 
la  region  de  los  vientos  Alisios  del  bemisferio  norte  y  orientada  en  la  direc- 
ci6n  m&s  favorable  a  experimentar  el  mayor  beneficio.  El  grade  sin  embargo 
a  que  alcance  el  valor  de  la  influencia  de  los  Alfsios  ne  est&  bien  determinado. 
Si  puede  asegurarse,  que  en  ningt&n  modo  domina  las  influencias  locales  que 
generan  las  brisas.  Asf  por  ejemplo  las  brisas  de  la  costa  norte  soplan  en  la 
direccidn  de  los  Alisios  y  sin  duda  resultan  reforzadas  por  ellos;  pero  las 
brisas  de  la  costa  sur  soplan  en  direcddn  opuesta  a  la  de  los  Alisios,  y  no 
obstante  adquieren  a  todo  lo  largo  de  la  isla  notable  intensidad. 

PoseemoB  dates  concretes  regulares  de  la  velocidad  del  viento  solo  de  La 
Habana  y  Cienfuegos,  y  de  este  solo  de  cuatro  afios.  En  Cienfuegos  la  brisa 
normal  diuma  sopla  del  tercer  cuadrante  y  es  aproxlmadamente  de  la  misma 
Intensidad  que  en  La  Habana,  donde  sopla  normalmente  del  primer  cuadrante. 
La  brisa  nocturna  en  cambio  es  casi  imperceptible  en  La  Habana  y  viene  del 
segundo  cuadrante,  mientras  que  en  Cienfuegos  es  no  muy  inferior  a  la  diuma 
y  sopla  del  primer  cuadrante.  Este  date  tiende  a  probar  la  influencia  Alisia 
de  alguna  intensidad,  aunque  no  es  decisive  por  las  diferencias  locales  que 
podrlan  explicar  el  fen6meno,  principalmente  la  mayor  ancbura  de  la  isla  en 
Cienfuegos.  En  Sagua  la  Grande  frente  a  Cienfuegos  por  la  costa  norte  aunque 
algo  lejos  de  ella,  la  brisa  nocturna  tambi^n  es  apenas  sensible. 
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CONCLUS16N. 

Aquf  no8  vemos  obligados  a  cerrar  este  trabajo  incompleto  por  muchos  con- 
ceptos.  La  premura  del  tiempo  nos  ha  forzado  a  apresurar  el  paso  sobre  los 
diferentes  puntos  tratados  sin  permitlrnos  conceder  madura  meditaci6n  a 
ninguno  de  ellos,  sId  poder  reiser  ni  slquiera  las  cuartillas  mal  pergefiadas.  Otros 
puntos,  la  nubosidad  del  cielo  de  Cuba,  los  tfpicos  huracanes  tropicales  que  con 
tanta  frecuencia  nos  visitan,  y  los  fendmenos  sfsmicos  que  agitan  nuestro 
suelo,  quedan  sin  tocar.  Los  ciclones  son  menos  temibles  en  la  mitad  oriental 
de  la  isla  y  en  cambio  son  un  horrible  azote  para  la  provlncla  de  Pinar  del  Rfo, 
y  en  menor  grado  para  La  Habana  y  Matanzas.  Por  el  contrario  los  terremotos 
constitoyen  moderado  peligro  para  Pinar  del  Rfo,  leve  para  la  Habana,  cast 
nulo  para  las  provlncias  centrales,  pero  seriamente  grave  para  Santiago  de 
Cuba. 

The  Chairman.  I  am  sure  we  are  very  much  interested  in  this 
subject  and  very  grateful  to  Father  Gutierrez-Lanza  for  this  inter- 
esting communication  in  regard  to  the  climate  of  Cuba ;  and  I  may 
remark,  with  regard  to  the  work  of  the  college,  that  I  think  we  ought 
to  emphasize  the  importance  and  necessity  of  cordial  cooperation  in 
this  great  work  of  meteorology  and  seismology  if  we  hope  to  accom- 
plish all  that  is  possible,  especially  in  the  direction  of  world  meteor- 
ology, which  we  hope  ultimately  to  attain,  so  that  by  cooperation 
between  these  various  institutions  that  are  in  a  position  to  do  the  work 
in  this,  that,  and  the  other  locality  we  can  get  the  best  results.  The 
paper  is  before  you  for  discussion. 

Mr.  MiLLAS.  I  would  like  to  add  some  words  to  Father  Lanza's 
study  of  the  climatology  of  Cuba  regarding  the  work  that  the  national 
observatory  has  been  doing  since  it  was  founded  by  the  Weather 
Bureau  of  the  United  States.  Several  years  ago  the  Weather  Bureau 
established  a  station  at  Habana,  and  about  10  or  12  outside  stations. 
The  number  of  stations  has  now  been  increased  to  60,  and  the  work 
of  these  inland  stations  is  to  give  a  monthly  weather .  report.  The 
study  of  the  climatology  of  Cuba  has  not  yet  been  undertaken  by  the 
national  observatory,  and  there  is  something  about  the  maximum  tem- 
perature, especially  in  the  southeastern  portion,  that  perhaps  Father 
Lanza,  not  having  a  station  there,  may  not  have  known  about.  There 
is  a  chain  of  mountains  there  that  perhaps  will  not  allow  the  north- 
east breezes  to  pass.  I  have  seen  temperatures  as  high  as  40®  C.  on 
that  part  of  the  island. 

Father  Gxjtierrez-Lakza.  The  temperature  in  the  southeast  part 
of  the  island  is  higher  than  at  Habana.  Of  course,  I  have  seen  40^^ 
of  temperature.  I  do  not  deny  that,  but  I  only  wanted  to  study  the 
period  in  which  there  are  homogeneous  observations. 

Mr.  MnjLAS.  I  would  like  to  add  also  that  a  study  of  the  rains  in 
the  northeastern  part  of  the  eastern  province  of  Cuba  shows  a  very 
small  region  where,  in  the  rainy  season,  there  is  not  as  much  rain  as 
in  the  rest  of  the  province,  where  they  are  able  to  work  all  the  year 
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round  in  the  making  of  sugar  from  the  cane.  They  do  not  stop  at  all. 
That  is  a  very  interesting  fact  about  that  small  part  of  the  north- 
eastern part  of  that  province. 

The  Chair3can.  If  there  is  no  further  discussion  we  will  pass  to 
the  next  paper  on  the  program,  "  The  Pleionian  fluctuations  of  cli- 
mate," by  Dr.  Henryk  Arctowski,  of  the  New  York  Public  Library. 


THE  PLEIONIAN  CYCLE  OF  CLIMATIC  FLUCTUATIONS. 

By  HENRYK  ARCTOWSKI, 
Chief  of  Science  Divisumj  New  York  Public  Library. 

As  we  observe  changes  of  weather  from  one  day  to  another  so  we  observe 
climatic  fluetnatlons  from  one  season  to  another,  from  one  year  to  the  fol- 
lowing year.  Persistency  of  given  weather  conditions  may  frequently  be 
observed.  In  the  case  of  climatic  fluctuations  also  there  may  be  a  series  of 
years  abnormally  dry  or  abnormally  rainy,  or  we  may  have  groups  of  years 
offering  some  other  particularities,  such  as  a  late  spring,  for  example,  or  an 
unusually  warm  winter,  and  such  exceptional  conditions  reoccurring  for  a  suc- 
cession of  years  give  the  Impression  of  a  radical  change  of  climate. 

In  reality,  therefore,  we  may  consider  the  study  of  these  changes  or  fluctua- 
tions just  as  important  and  as  having  a  far  more  practical  value  than  the 
study  of  the  so-called  normal  climatic  conditions. 

Considering  10  yearly  means  of  atmospheric  t^nperature  as  representing 
quasi-normal  values,  I  inscribed  the  annual  departures  from  these  means  on 
maps.  For  each  year  so  far  taken  into  consideration  the  departures  are  never 
positive  all  over  the  world  or  negative.  In  each  case  some  regions  are  charac- 
terized by  an  excess  of  heat,  whereas  in  other  regions  temperature  is  In 
deflclency.  The  areas  of  positive  departures  have  been  called  thermoplelons 
and  those  of  negative  departures  antlplelons.  The  antiplelons  do  not  necessarily 
compensate  the  thermoplelons.  The  year  1900,  for  example,  was  a  year  of  an 
excess  of  pleions,  and  the  year  1893  was  a  year  of  deficiency  of  plelons.  The 
difference  of  the  world's  temperature  for  such  exceptional  pleionian  and  antl- 
plelonlan  years  may  reach  0.6^*  C,  or  perhaps  even  more. 

Taking  barometric  measurements  into  consideration,  one  also  finds  that  for 
each  year  some  centers  of  abnormally  high  and  abnormally  low  atmospheric 
pressure  are  conspicuous.  These  baropleions  and  antibaros  displace  themselves 
from  year  to  year  and  evidently  Influence  atmospheric  circulation  very  greatly. 

These  changes  must  have  an  effect  on  the  distribution  of  the  frequency  of 
storms  and  on  rainfall.  Of  rainfall  data  I  have  studied  extensively  the  ombro- 
pleions  observed  In  Europe  during  the  years  1851-1905. 

In  order  to  investigate  these  phenomena  more  thoroughly  the  monthly  means 
of  temperature,  atmospheric  pressure,  rainfall,  sunshine  duration,  and  thunder- 
storm frequency  have  been  taken  into  consideration  and  the  changes  from  one 
year  to  another  have  been  studied  by  the  method  of  overlapping  means. 

Among  other  results  It  was  found  that  at  many  stations,  particularly  in 
equatorial  regions,  temperature  rises  or  falls  practically  simultaneously,  and 
that  the  plelons  disappear  and  reappear  more  or  less  periodically  at  Intervals 
of  two  to  three  years.  The  records  of  the  Harvard  Observatory  station  at 
Arequlpa,  In  Peru,  have  been  taken  as  a  standard  of  the  occurring  pleionian 
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fluctuations,  and  the  results  of  the  comparisons  made  induced  me  to  search 
for  the  cause  of  this  cycle  of  climatic  variations. 

After  it  was  demonstrated  that  the  cause  of  the  formation  of  pleions  could 
not  he  attributed  to  the  presence  or  absence  of  volcanic  dust  veils  in  the 
higher  levels  of  the  atmosphere,  it  was  but  natural  to  search  for  their  origin 
In  the  variations  of  the  solar  atmosphere. 

It  seems  obvious  that  if  changes  in  the  vertical  circulation  of  the  incan- 
descent solar  clouds  exist  these  changes  must  produce  oscillations  of  the 
quantity  of  thermal  energy  radiated  into  space. 

A  few  words  of  explanation  are  necessary.  Although  it  is  difficult  to  imagine 
how  the  heat  of  the  solar  atmosphere  originates,  or  where  it  originates,  we 
must  admit  that  the  amount  of  heat  is  greater  below  the  incandescent  photo- 
^heric  clouds  than  above,  simply  because  these  clouds  are  a  phenomenon  of 
condensation,  due  to  loss  of  heat,  and  because  condensation  could  not  take 
place  if  the  temperature  below  the  clouds  was  not  hi^ier  than  the  temperature 
above. 

In  consequence,  we  must  admit  that,  just  as  in  the  case  of  terrestrial  atmos- 
pheric conditions,  the  radiation  into  space  from  below  must  be  a  question  of 
cloudiness.  This  radiation  is  not  necessarily  constant  If  the  vertical  cur- 
rentB  producing  tiie  ascending  clouds  are  intensified,  the  loss  of  heat  must 
be  greater.  For  the  sake  of  comparison  our  terrestrial  cumulo-nimbus  clouds, 
with  their  panaches  of  false-cirri,  may  serve  as  an  example. 

I  Imagined  that  the  solar  faculsR  which  always  accompany  the  formation  of 
sun  spots  might  have  an  origin  similar  to  the  false-cirri,  and  this  vague  analogy 
led  to  the  supposition  that  perhaps  the  faculse  would  give  some  information  con- 
cerning possible  changes  of  the  intensity  of  the  output  of  solar  energy.  Faculse 
are  indeed  merely  a  product  of  the  solar  atmospheric  circulation.  Facul» 
occur  often  independently  of  sun  spots,  but  more  often  they  accompany  the 
qpots.  Some  connection  exists  also  between  the  frequency  of  spots  and  the 
formation  of  faculse.  When  sun  spots  are  numerous,  larp^er  areas  of  the 
solar  surface  are  occupied  by  facula.  For  the  average  characteristic  out- 
bursts of  sun  spots  the  accompanying  faculse  reach  their  maximal  develop- 
ment about  nine  days  after  the  spottedness  has  reached  its  maximum.  The 
faculie  are  evidently  one  of  the  phases  of  the  phenomenon  that  produces  the 
fbrmation  of  spots. 

Admitting  that  a  sun  spot  is  the  center  of  violent  descending  currents  in 
the  solar  atmosphere,  we  must  admit  that  the  vapors  slide  sidewise  from  the 
spot  when  they  reach  the  lower  levels  and  reascend,  at  a  certain  distance 
from  the  spot,  more  quietly  and  overheated.  It  is  to  these  ascending  cur- 
rents that  the  formation  of  facuUe  must  be  ascribed.  Faculse  must  therefore 
radiate  into  space  a  quantity  of  heat  larger  than  the  quantity  of  heat  radi- 
ated by  the  spotted  area.  If  so,  the  ratio  of  the  surfaces  occupied  by  facuUe 
and  sun  spots  must  equal  or  be  proportional  to  the  ratio  of  radiation. 

If,  therefore,  the  pleionian  cycle  of  terrestrial  temperature  is  to  be  ascribed 
to  solar  fluctuations,  we  may  presume  that  the  quotient  of  the  area  occupied 
by  facuUe  divided  by  the  area  of  sun  spots  is  not  constant,  and  we  may  sup- 
pose that  the  changes  of  this  quotient  vary  in  harmony  with  the  pleionian 
cycle.  And  the  fact  is  that  not  only  this  ratio  of  facul^  and  spots  varies 
extensively,  but  also  that  these  variations  present  some  striking  similarities 
with  the  Arequipa  or  standard  type  of  thermopleionian  fluctuations. 

The  figures  I  have  utilized  are  those  of  the  Greenwich  photoheliographic 
measurements.  In  order  to  eliminate  the  shorter  fluctuations  and  to  obtain 
numbers  comparable  to  annual  means  of  temperature  I  have  formed  the  totals 
of  the  areas  of  umbne  and  faculA  for  every  consecutive  10  rotations.    I  have 
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used  the  figures  given  for  the  rotations  275  to  805,  or  the  results  of  the  meaa- 
urements  made  during  the  years  1875  to  1913.  Then  I  made  the  quotients  of 
the  corresponding  totals.  These  quotients  express  numerically  how  many 
times  the  areas  of  faculae  exceeded  those  of  umbrte.  The  curve  representing 
these  figures  graphically,  compared  with  the  curve  of  sun  spots,  shows  an 
unmistakable  correlation  with  the  11-year  period.  The  curve  may  indeed  be 
characterized  as  follows: 

Well-pronounced  minima,  preceding  by  approximately  12  rotations  (or  more 
or  less  nine  months)  those  of  spots ;  less  pronounced  minima  coinciding  or  pre- 
ceding by  a  few  rotations  the  maxima  of  sun  spots;  then,  in  each  11  years* 
cycle,  another  minimum  between  the  minimum  and  maximum  of  the  curve  of 
son  spots  and  two  minima  between  the  maximum  and  the  following  minimum. 

And  so,  in  the  period  of  more  or  less  11  years'  duration  there  are  5  maxima 
of  the  ratio  of  faculie  and  umbra:  the  first  coincides  with,  or  closely  follows 
the  minimum  of  spots,  the  second  occurs  between  the  minimum  and  the  maxi- 
mum and  the  three  others  occur  between  the  maximum  and  the  minimum  of  the 
sun-spot  curve. 

It  may  be  useful  to  mention  that  the  range  of  these  variations  is  well  pro- 
nounced. The  highest  observed  ratio  of  10  consecutive  rotations  is  73.74,  while 
the  lowest  figure  is  2.42;  but  these  are  extreme  values.  The  average  ratio  of 
the  15  observed  crests  is  26.93  and  the  mean  of  the  corresponding  depressions  is 
11.47,  or  less  than  one-half.    Such  are  the  facts. 

To  come  back  to  hyi)othetical  considerations,  one  may  ask  how  these  fluctua- 
tions of  the  ratio  of  faculse  and  sun  spots  can  be  explained? 

Let  us  say  that  the  depth  to  which  our  terrestrial  storms  extend  is  limited  by 
the  surface  of  the  earth  crust  or  the  surface  of  the  sea.  EMdently  the  sun  does 
not  present  similar  conditions,  and,  a  priori,  we  may  admit  the  possibility  of 
variations  in  the  depth  to  which  the  circulation  of  the  solar  atmosphere  may 
extend.  If  so,  the  proportion  of  faculae  to  spots  must  vary,  and  when  the 
faculse  are  more  predominant,  we  may  suppose  that  the  ascending  columns  of 
vapors  come  from  greater  depths,  and  that,  in  consequence,  the  radiation  is 
Increased.  Some  sort  of  tidal  movements  making  the  solar  atmosphere  more  or 
less  expanded,  would  explain  the  possibility  of  changes  of  depth  to  which  the 
vertical  circulation  extends. 

Now,  since  the  maxima  of  solar  faculse-umbrse  ratios  reoccur.  Just  like  the 
terrestrial  thcrmopleions,  ombro-,  helio-,  and  baropleions,  at  intervals  of  two  to 
three  years,  and  since  some  striking  time  coincidences  exist,  I  shall  call  these 
maxima  of  solar  fluctuations,  hormepleions,  which  simply  means  pleionian 
Impulses. 

I  say  expressly  horme-  and  not  arche-  pleions,  because  this  last  name  must  be 
reserved  for  the  solar,  or  planetary,  or  cosmical  relations  which  cause  the 
changes  of  the  solar  atmospheric  vertical  cirailation — changes  for  which  the 
hormepleions  are  simply  numerical  expressions. 

In  the  foregoing  considerations  I  have  spoken  of  solar  clouds.  This  expres- 
sion may  displease  some  of  the  students  of  solar  phenomena.  But  what  differ- 
ence does  it  make  if  condensation  of  calcium,  for  example,  can  or  can  not  take 
place  at  the  very  high  temperatures  of  the  photosphere?  For  my  considerations 
It  is  absolutely  indifferent  if  the  faculie  are  formed  of  incandescent  dust  or  of 
metallic  vapors  condensed  into  liquid  drops,  or  whether  they  are  simply  gaseous 
vapors. 

Again,  another  objection  may  be  raised  against  the  conception  of  the  circula- 
tion in  and  around  the  solar  spots  that  I  have  adopted.  But  in  this  case  also 
theory  has  no  importance,  since  the  fact  is  that' umbrae  radiate  less  heat  than  the 
average  photospheric  surface  and  that  f aculfe  seem  to  radiate  more  heat 


Digitized  by  VjOOQIC 


ASTEONOMY,  METEOROLOGY,  AND  SEISMOLOGY.  175 

Speaking  of  heat,  It  would  also  be  preferable  to  avoid  that  expression  entirely 
and  use  the  words  radiation,  or  energy,  or  radiant  energy  of  the  sun.  But  all 
such  objections  have  nothing  in  common  with  the  fact  of  the  existence  of  a 
hormepleionian  variation — a  fact  which  is  a  result  of  the  Greenwich  measure- 
ments and  of  my  calculations.  And  now,  in  order  to  establish  a  theory  of  the 
terrestrial  pleionlan  fluctuations,  more  calculations  are  necessary. 

The  first  effort  to  be  made  is  to  try  to  demonstrate  that  atmospheric  tem- 
perature varies  proportionally  to  the  ratio  of  the  faculse  and  umbrse,  or,  if 
such  a  law  can  not  be  established,  because  of  the  complexity  of  meteorological 
phenomena,  it  will  be  necessary  to  show  at  least  some  striking  correlations 
between  the  variations  of  one  and  the  other.  Up  to  the  present  a  lack  of  time 
has  prevented  me  from  making  more  than  one  single  attempt,  which  has  l)een 
successful,  and  I  wish  to  show  you  now  how  the  hormepleionian  maximum  of  the 
solar  rotations  772-781  found  its  repercussion  in  the  temperatures  observed  on 
our  earth  surface  during  the  years  1911  and  1912. 

In  order  to  have  figures  corresponding  exactly  to  the  same  time  intervals  as 
those  of  temperature,  monthly  means  of  the  areas  of  faculse  and  umbrse  were 
calculated  for  the  years  1909  to  1918,  and  then  the  ratios  of  the  overlapping 
yearly  totals  were  formed. 

These  figures  expressed  graphically  on  a  diagram  show  a  well-pronounced 
crest  of  the  hormepleion  corresponding  to  the  mean  of  June,  1911,  to  May,  1912. 
But  before  this  maximum  is  reached  we  notice  two  steps — one  at  the  mean  of 
April,  1910,  to  March,  1911,  and  the  other  corresponding  to  the  mean  of 
November,  1910,  to  October,  1911.  In  1912  the  ratios  decrease  till  a  minimum 
corresponding  to  the  mean  of  March,  1912,  to  February,  1913,  is  reached,  and 
from  then  on  the  ratios  again  increase  and  form  the  ascending  branch  of  a 
new  hormepleion.  To  simplify  comparisons,  we  may  call  1911 : 2  the  mean  of 
February,  1911,  to  January,  1912;  1911:3,  that  of  March,  1911,  to  February, 
1912,  and  so  forth.  The  figures  for  1910:4,  1910:11,  1911:6,  and  1912:3  are 
ther^ore  conspicuous. 

For  the  same  years,  190^1913,  I  dispose  at  present  of  more  than  150  curves 
of  overlapping  temperature  means  of  stations  from  all  parts  of  the  world.  This 
amount  of  already  computed  data  is  very  respectable,  but,  of  course,  I  am 
anxious  to  obtain  more  data,  and  I  do  not  think  that  the  difficulties  one  encoun- 
ters in  collecting  the  results  of  meteorological  observations  made  in  some  coun- 
tries or  the  shocking  mistakes  that  may  be  found  in  the  tabulations  of  official 
publications  of  some  other  countries  will  prevent  me  from  trying  to  make  my 
research  as  thorough  as  possible. 

If  my  reasoning  is  correct,  it  follows  that  at  the  time  of  the  occurrence 
of  the  hormepleion  maximimi  of  1911:6,  or  shortly  afterwards,  we  should 
observe  thermopleionian  crests  on  the  curves  of  overlapping  means  of  the 
observed  temperatures.  Or  since  it  has  been  found  that  in  no  case  studied  so 
far  temperature  was  above  the  average  all  over  the  world,  that,  on  the  con- 
trary, antipleions  always  compensate  the  pleions,  more  or  less,  it  will  be 
necessary  to  find  at  least  a  predominance  of  thermopleions  synchronal  with  the 
solar  maximum. 

And  so  it  seems  to  be. 

Of  the  records  studied  so  far  I  may  say  that  an  abnormal  increase  of  tem- 
perature during  the  latter  part  of  1911  and  in  1912  is  a  striking  feature  of  the 
curves  of  meteorological  stations  In  Alaska,  British  Columbia,  Vancouver 
Island,  Oregon,  and  to  a  certain  extent  California;  then  of  Mexico,  Panama, 
the  West  Indies,  and  Bahamas,  British  and  French  Guiana,  Matto  Grosso, 
Parana,  Peru;  the  Faroe  Islands,  Holland,  northern  Germany,  Switzerland, 
Italy.  Gibraltar,  Algeria,  Morocco,  the  Canary  Islands;  the  Sahara,  Egypt; 
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Senegambia,  the  French  Ck>ngo,  the  Transvaal;  Aden,  Quetta,  India,  Ceylon, 
Mauritius,  and  Seychelles  Islands ;  the  Straits-Settlements,  Ck)chinchina,  China, 
Japan,  eastern  Siberia ;  Australia  and  the  Touamotou  Island  in  the  Pacific 

The  records  of  a  certain  number  of  stations  show  a  retarded  pleionian  effect 
I  will  cite  those  of  Greenland,  Iceland,  Carolina,  Florida,  Cuba,  the  Caucasus 
and  Russia,  southern  Nigeria,  Togo,  Qerman  South  Africa,  Madagascar,  Pales- 
tine, Mesopotamia,  some  stations  of  India,  Christmas  Island,  the  Philippines, 
and  New  Caledonia.  Even  in  the  Antarctic  regions  the  records  of  Cape  Evans 
station,  under  77**  38'  south  latitude,  show  that  during  the  months  of  May  to 
September,  or  during  the  south  polar  winter,  the  mean  temperature  in  1912 
was  10'  F.  higher  than  in  1911. 

In  striking  contrast  with  these  results  most  stations  of  the  United  States, 
as  well  as  Wellington  and  Auckland,  in  New  Zealand,  and  some  stations  in 
Russia,  show  a  well-pronounced  depression  of  temperature  corresponding  in 
time  with  the  occurrence  of  the  horm^leion  and  the  greatest  development  of 
thermopleionian  conditions  in  so  many  countries  in  different  parts  of  the 
world. 

The  American  antlpleion  is  of  particular  interest  because  of  the  pleions  ob- 
served in  the  Northwestern  States,  Alaska,  Canada,  and  Greenland,  as  well 
as  in  the  Southeastern  States,  the  West  Indies,  and  Mexico.  In  North  America 
temperature  conditions  were  evidently  in  conformity  with  the  hormepleion, 
except  in  the  greatest  part  of  the  central  portion  of  the  continent  Moreover, 
it  was  precisely  at  the  time  of  occurrence  of  the  hormepleionian  maximum,  or 
soon  afterwards,  that  the  greatest  lowering  of  temperature  was  observed  in  the 
Middle  West  from  North  Dakota  down  to  Texas. 

Evidently  the  supposition  that  these  abnormally  low  temperatures  were  due 
to  the  veil  of  volcanic  dust  produced  by  the  Katmai  eruption  of  June  6,  1912, 
is  completely  out  of  the  question.  If  that  had  been  the  case,  temperature  would 
have  decreased  from  that  date  on,  whereas  it  was  decreasing  for  more  than  a 
year  before  that  date  in  order  to  reach  the  minimum  at  the  time  of  the  oc- 
currence of  the  hormepleionian  maximum  and  accidentally  at  the  time  of  the 
Katmai  eruption.  The  conclusion  to  be  drawn  from  these  facts  is  that  the 
American  antlpleion  of  1911-1912,  corresponding  in  time  with  practically  uni- 
versally observed  pleionian  conditions,  must  have  been  mechanically  produced 
by  abnormal  pressure  conditions  and  the  resulting  abnormal  winds.  In  other 
words,  it  seems  most  probable  to  me  that  the  antlpleion  observed  in  the  United 
States  was  simply  due  to  changes  of  atmospheric  circulation  due  to  the  ex- 
ceptionally well-developed  pleionian  conditions  in  the  North  as  well  as  in  the 
South  of  the  States.  The  same  must  have  been  the  case  of  the  other  anti- 
pleions  in  New  Zealand  and  in  Russia  and  perhaps  in  some  other  countries. 
But  precisely  because  these  antipleions  are  to  be  considered  as  an  effect  of 
dynamical  reaction  against  the  predominant  pleionian  conditions  it  is  evident 
that  they  could  hot  compensate  the  action  of  the  hormepleion. 

The  direct  effect  of  fluctuations  of  solar  activity  upon  atmospheric  tempera- 
ture can  also  be  observed  in  some  of  the  details  of  the  hormepleionian  crest 
The  steps  of  the  ascending  branch,  corresponding  to  the  means  1910 : 4  and 
1910 :  11,  as  well  as  the  minimum  of  1912 : 8,  may  easily  be  distinguished 
on  many  of  the  overlapping  temperature  curves.  But  even  in  more  minute 
details  some^  of  the  curves  present  such  similarities  with  the  solar  curve  that  a 
simple  chance  circumstance  can  hardly  be  presumed,  and  that  forcibly,  we 
must  admit  that  the  cause  of  these  temperature  fluctuations  is  really  a  question 
of  ratio  between  solar  faculffi  and  umbrs. 

Supposing,  now,  that  a  further  development  of  the  discovered  facts  con- 
cerning climatic  fluctuations  and  their  cause  is  a  simple  question  of  a  great 
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amount  of  clerical  work,  for  which  I  need  help,  but  which  I  will  accomplish,  in 
course  of  time,  even  without  help,  and,  admitting  that  this  question  of  climatic 
fluctuations  and  their  effects  upon  crops  and  agricultural  welfare,  as  well  as 
commercial  and  industrial  prosperity,  is  a  practical  question;  supposing  also 
that  the  exchange  of  ideas  at  this  congress  has  a  practical  purpose  of  Pan- 
American  interests— one  may  ask  what  could  be  done  in  order  to  advance  our 
knowledge  of  the  climatic  changes  that  take  place  from  year  to  year,  from  season 
to  season,  and  to  apply  this  knowledge  to  the  welfare  of  nations. 

I  believe  that  what  ought  to  be  done  is  to  begin  the  work  from  the  very 
banning,  and  to  establish  permanent  meteorological  stations  there  where 
records  of  the  changes  that  take  place  are  the  most  needed. 

In  this  order  of  ideas,  leaving  aside  the  Latin-American  countries,  where  the 
need  of  regular  meteorological  services  must  have  been  realized  by  many,  I 
will  say  that  for  the  study  of  the  fluctuations  that  take  place,  in  North  as 
well  as  in  South  America,  the  need  of  records  from  the  north  and  south 
Pacific  islands  is  greatly  felt 

Observations  pursued  in  the  areas  of  the  Pacific  centers  of  action  of  atmos- 
pheric circulation,  and  along  the  Equator  as  well,  would  certainly  be  of  im- 
mense value. 

I  wish  that  all  of  you  would  realize  the  necessity  of  the  effort  to  be  made  in 
order  to  secure  such  observations. 

The  Chairman.  Dr.  Arctowski  has  given  us  a  very  interesting 
paper,  and  pursuant  to  the  announcement  by  the  chairman  of  the 
section,  Dr.  Woodward,  unless  there  is  objection,  I  should  like  to 
refer  this  paper  to  the  committee  on  resolutions.  I  think  the  recom- 
mendations made  by  Mr.  Arctowski  in  regard  to  the  needs  of 
meteorology  and  climatology  justify  us  in  referring  his  paper  with 
its  recommendations  to  that  committee.  Unless  there  is  some  objec- 
tion I  will  so  refer  the  paper,  which  is  now  before  you  for  discussion. 

Mr.  Huntington.  I  should  like  to  ask  Dr.  Arctowski  what  is  his 
explanation  of  the  fact  that  the  pleion  of  1912  failed  or  was  reversed 
in  the  central  part  of  the  United  States? 

Mr.  Arctowski.  I  am  very  sorry  to  say  that  I  can  not  explain 
that  I  do  not  know  why  it  was.  The  fact  is  that  it  happened,  but 
I  can  not  explain  it  otherwise  than  as  an  anomaly. 

Mr.  Clayton.  Mr.  Chairman,  in  comparing  the  rainfall  of  the 
United  States  with  the  rainfall  of  southern  Brazil  and  northern 
Argentina,  as  indicated  by  the  river  flows,  there  comes  out  a  remark- 
able similarity  between  the  two  rainfall  conditions.  But  what  inter- 
ests me  most  in  connection  with  Dr.  Arctowski's  paper  is  that  the 
frequency  of  the  maxima  and  minima,  so  far  as  I  can  recaU  from 
memory,  not  having  the  paper  before  me,  are  very  closely  similar  to 
the  frequency  of  the  maxima  and  minima  indicated  on  his  curves 
there ;  and  if  we  can  connect  these  wide  meteorological  changes  and 
similarities  with  solar  conditions  we  have  certainly  taken  a  very 
interesting  step  forward.  I  hope  to  publish  that  correlation  between 
the  two  rainfalls  at  some  eai-ly  date. 
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Mr.  HoBBS.  This  paper  of  Dr.  Arctowski's  is  of  very  great  interest 
to  me  in  showing  how  the  cyclic  oscillations  in  temperature  con- 
ditions, which  he  has  brought  out  for  extremely  short  periods,  fit 
into  the  cyclic  changes  of  much  longer  periods.  Dr.  Huntington,  in 
his  remarkable  studies,  has  shown  this  by  two  different  lines  of 
investigation,  one  of  them  made  upon  the  great  trees  of  California. 
If  we  go  still  farther  back  in  geological  history  to  consider  climatic 
changes  of  still  larger  periods  the  same  rule  of  oscillation  between 
moist  cold  periods  and  dry  warm  periods  is  discovered.  The  study 
of  glacial  moraines  of  the  Pleistocene  age  reveals  climatic  oscillations 
of  large  magnitude  and  of  at  least  two  distinct  orders,  the  smaller 
of  which  are  superimposed  upon  the  larger.  Later  studies  by 
Leverett  and  Taylor  upon  the  glacial  lakes  of  the  Laurentian  Basin 
are  now  closely  in  harmony  with  the  climatic  changes  revealed  by 
the  moraines.  These  climatic  oscillations  of  larger  amplitude  belong, 
as  stated,  to  at  least  two  orders  of  magnitude,  and  it  would  appear 
that  the  pleions  of  Dr.  Arctowski  belong  to  a  much  smaller  order 
and  these  are  in  turn  superimposed  upon  the  higher  ones. 

Mr.  KuLLMER.  With  regard  to  the  year  1911,  it  might  be  of  interest 
to  tell  about  the  distribution  of  storm  frequency  in  the  United  States 
in  that  year.  I  have  a  series  of  yearly  maps  of  the  distribution  of 
storm  frequency  for  39  years.  It  has  not  been  published  yet.  The 
year  1911  is  the  most  abnormal  of  any  of  those  years,  in  the  fact  of 
the  decrease  of  storms  in  the  North,  on  the  Canadian  border,  and  also 
in  Western  Canada,  with  the  center  of  the  maxima  in  the  midst  of 
the  United  States,  in  the  Central  States. 

Mr.  Huntington.  In  a  paper  which  I  presented  before  the  geo- 
logical society,  and  did  not  intend  to  talk  about  here,  one  essential 
element  was  an  attempt  to  explain  the  anomaly  of  the  inverse  re- 
lation between  the  temperature  of  the  earth's  surface  at  the  time  of 
many  sun  spots  and  the  temperature  of  the  sim.  As  you  all  know, 
when  the  sun's  radiation  is  greatest  the  average  temperature  of  the 
earth  as  a  whole  is  lower.  I  have  advanced  the  hypothesis  that  that 
was  due  to  the  increase  in  storms.  Such  an  increase  in  storms  in  the 
TTnited  States  is  pretty  well  demonstrated,  and  an  increase  in  tropical 
hurricanes  is  also  seen.  Here  we  have,  according  to  the  showing  of 
Dr.  Arctowski,  a  variation  which  is  visible  in  most  parts  of  the  earth, 
but  in  one  special  part  it  is  reversed.  In  that  special  part  we  find 
that  in  that  one  year  there  were  frequent  storms,  located  for  some 
reason  in  a  small  area,  and  therefore  in  that  small  area  we  have  a 
much  greater  convectional  movement.  That  would  seem  to  offer  an 
explanation  of  the  anomalous  condition  which  Dr.  Arctowski  speaks 
of.  It  seems  to  me  that  by  tests  like  that  all  over  the  earth  we  are 
likely  to  come  upon  a  wholly  new  idea  of  the  relation  of  the  sun  to 
atmospheric  circulation. 
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The  Chairman.  I  wish  we  had  plenty  of  time  to  discuss  this 
paper  much  further,  but  I  feel  that  we  must  pass  on  to  the  next  one, 
by  Prof.  William  H.  Hobbs,  of  the  University  of  Michigan.  Tlie 
title  is  "  The  Ferrel  doctrine  of  polar  calms  and  its  disproof  in  recent 
observations.'' 


THE  FERREL  DOCTRINE  OF  POLAR  CALMS  AND  ITS  DISPROOF 
IN  RECENT  OBSERVATIONS. 

By  WILLIAM  H.  HOBBS, 

Professor  of  Geology,  University  of  Michigan, 

In  a  recent  paper*  !t  has  been  pointed  out  how  the  doctrine  of  the  polar 
calms  promulgated  by  the  American  mathematician  nnd  meteorologist,  William 
Ferrel,  has  long  held  back  the  correct  understanding  of  the  circulation  of  the 
utmosphere  within  high  latitudes,  and  how  recent  observations  have  at  last 
effectually  disproved  this  i)ortion  of  his  theory.  Ferrers  great  contribution 
to  meteorological  science  was  to  show  the  dependence  of  the  atmospheric  cir- 
culation upon  deflections  traceable  to  earth  rotation,  and  this  advance  of  the 
science  is- entitled  to  general  acceptance.  As  has  so  often  been  the  case  with 
new  theories,  portions  of  the  scheme  which  were  based  upon  Insufllclent  or 
unsatisfactory  observation,  have  been  carried  along  in  the  general  success  of 
the  theory  as  a  whole. 

It  will  be  profitable  to  examine  briefly  the  evolution  of  Ferrers  doctrine  of 
the  polar  calms  as  a  study  in  the  psychology  of  theories.  In  the  preface  to 
bis  general  treatise  upon  the  winds,  Ferrel  tells  us  how  his  attention  was  first 
directed  to  this  subject  through  reading  Maury's  Physical  Geography  of  the  Sea, 
the  first  edition  of  which  appeared  in  1855,  while  the  first  essay  of  Ferrel 
was  published  in  1850.  From  Maury,  Ferrel  learned,  as  he  has  told  us,  "  that 
the  pressure  of  the  atmosphere  is  less  both  at  the  poles  and  at  the  Equator  of 
the  earth  than  it  is  over  two  belts  extending  around  the  globe  about  the  par- 
allels of  30*  north  and  south  of  the  Equator.'*" 

On  making  reference  to  Maury,  we  find  that  upon  the  basis  of  recorded 
observations  bet\veen  the  parallels  of  40**  and  54^  south  latitude,  the  average 
barometer  reading  varies  from  29.9  to  29.4  in  passing  from  the  lower  to  the 
higher  latitude.  With  the  gradient  obtained  from  this  limited  range  of  14^ 
of  latitude,  Alaury  has  extended  the  curve  as  a  straight  line  to  the  geographic 
pole  through  a  range  of  84*  of  latitude  and  obtained  a  theoretical  reading  for 
the  pole  of  28  inches  of  mercury.  A  similar  method  applied  to  the  northern 
polar  region  has  supplied  a  less  marked  gradient  and  a  theoretic  value  for  the 
barometer  reading  at  the  northern  geographic  pole  of  29.05  inches  of  merairy.* 
This  belief  that  atmospheric  pressure  diminishes  steadily  with  increasing  lati- 
tude  to  a  minimum  at  the  geographic  poles.  Is  dwelt  upon  in  nearly  all  of  Fer- 
rers papers  dealing  with  the  atmospheric  circulation,*  and  he  cites  especially 

s  WlllUmi  H.  nobbsi,  **  The  rOIe  of  the  glacial  anticyclone  In  the  air  circulation  of  the 
globe/'  Proc  Am.  Phil.  8oc,  vol.  64,  1015,  ef«pec1aiiy  pp.  210-215. 

«  W.  Ferrell,  ••A  Popnlar  Treatise  on  the  Winds."  1889,  p.  III. 

•II.  F.  Manry,  **The  Physical  Gcogrnphy  of  the  Sea.**  8th  e<].,  1861.  pp.  850-858. 

« *«  The  motions  of  flnlds  and  solids  on  the  earth's  surface.'*  Prof.  Papers,  U.  S.  Signal 
Serrlce.  Washington,  No.  8,  1882,  p.  82 ;  also  **  Popular  essays  on  the  motions  of  the 
atmosphere,"  No.  8;  **The  cause  of  the  low  barometer  In  the  polar  regions  and  In  the 
central  part  of  cyclones,"  Ibid.,  No.  12,  1882.  pp.  35-37;  also  **  Rpcent  advances  in 
meteorology."  Ann.  Kept.  Chief  Signal  Officer,  1885,  appendix  71*  p.  105. 
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the  meteorological  observations  upon  the  Wilkes  and  Ross  exploring  expedi- 
tions to  the  southern  seas. 

Later  observations  have  confirmed  the  diminishing  atmospheric  pressures  In 
the  higher  latitudes  of  the  soutliern  hemisphere  up  to  tJie  paintM  visited  at  the 
time  FcrreV9  deductions  were  made.  It  was  tlu*ough  inferring  without  warrant 
that  pressures  continue  to  diminish  at  the  same  rate  beyond  the  limits  of 
obsen-ation  that  Ferrel  fell  into  error — a  failing  which  has  heexu  and  stlU  Is, 
common  among  men  of  science  even  of  the  highest  rank.  An  entirely  similar 
error  within  the  field  of  meteorology  was  made  by  no  less  an  authority  than 
Helmholtz,  who,  tacitly  assuming  that  the  thermic  gradient  determined  for 
tlie  lower  atmosphere  continues  upward  without  change  beyond  the  range  of  our 
observations,  declared  that  the  absolute  zero  of  temperature  would  be  found 
at  an  altitude  of  28  kilometers,  whereas  subsequent  investigation  has  revealed 
the  fact  that  the  convective  zone  of  the  atmosphere  ends  at  an  altitude  ranging 
from  IS  to  9  kilometers  according  to  latitude,  and  that  this  zone  is  overlaid 
by  one  that  is  essentially  isothermal. 

What  a  lesson,  If  we  will  but  heed  it.  for  those  of  us  who  Instead  of  directing 
our  thoughts  to  the  temperatures  above  our  heads,  have  turned  them  down- 
ward In  the  direction  of  the  earth's  center.  We  have  to-day  a  crude  tempera- 
ture scale  which  reaches  downward  at>out  one  four-thousandth  of  the  distance 
to  the  goal  whose  temperature  we  seek  to  learn ;  and  yet  one  may  reatl  learned 
disquisitions  upon  the  temperature  of  the  earth's  core,  including  refined  cor- 
rections. 

The  theoretic  polar  cyclone,  or  circumpolar  whirl,  of  Ferrel  was  a  different 
conception  from  that  of  the  normal  cyclone,  since  the  movement  of  air  within 
the  vortex  was  supposed  to  be  directed  doxmward  toward  the  earth's  surface, 
it  being  essential  to  his  theory  that  the  air  which  had  traveled  from  the  equato- 
rial regions  toward  the  poles  at  high  levels  should  in  some  manner  be  retained 
within  the  circulatory  system.  Though  contrary  to  the  idea  of  the  cyclone, 
there  was  no  other  recourse  than  to  bring  the  air  down  to  the  surface  in  the 
polar  regions. 

To-day  without  essential  modifications  this  theory  of  polar  calms  surrounded 
by  a  whirl  of  westerly  winds  has  been  emlxKlled  in  standard  texts  upon  meteor- 
ology and  has  been  defensively  argued  by  Hann  and  Melnardus  against  the 
encroachments  of  observations  now  available  from  the  polar  regions.  As  late 
as  1897  Hann  declared:  "The  whole  Antarctic  circumpolar  area  presents  us, 
as  already  stated,  with  a  vast  cyclone,  of  which  the  center  Is  at  the  pole,  while 
the  westerly  winds  circulate  around  It." 

His  view,  an  adoption  of  Ferrel,  was  of  course  speculative,  and  when 
Bernacchl  of  the  Southern  Cross  expedition  had  brought  out  on  the  basis 
of  observations  made  at  Cape  Adare  the  evidence  for  anticyclonic  conditions 
over  the  south  polar  regions,  Hann  cautiously  qualified  his  earlier  statements 
in  the  following  maner : 

As  regards  the  Antarctic  anticyclone,  I  have  certainly  not  expressed  myself 
quite  clearly  in  my  Kliniatolojrie,  as  you  very  fairly  point  out. 

It  Is  certain  that  an  area  of  pressure,  which  is  higlier  than  that  of  the  sur- 
rounding area,  lying  over  a  chilled  continent,  or  over  any  considerable  land 
area,  can  coexist  with  a  great  polar  c>'clone.  for  instance,  arouml  the  South 
Pole.  The  very  low  temperature  can  produce  in  the  lower  strata  of  the  at- 
mosphere a  pressure  higher  than  its  environments.  The  anticyclone,  however, 
must  be  very  shallow,  and  at  a  moderate  elevation  the  ordinary  cli'culation  of 
the  atniospliere  must  reestablish  Itself.  *  ♦  ♦  It  is  just  possible  that  far- 
ther inland  a  slight  increase  of  pressure  might  he  observable.  There  Is  cer- 
tainly no  chance  of  the  existence  of  a  real  continental  anticyclone,  inasmudi 
as  at  Cai)e  Adnre  the  barometer  fjills  from  sunnner  to  winter.* 


»  Letter  written  to  Copt.  B.  F.  Scott  io  1900,  The  Antarctic  Manual,  1001,  p.  84. 
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The  above  and  later  qualified  statements  by  Hann  *  fall  to  take  proper  recog- 
nition of  the  facts  as  known  at  the  time. 

The  German  South-Polar  expedition  of  1901-1903  likewise  showed  that  anti- 
cyclonic,  and  not  cyclonic  conditions,  prevail  on  the  margins  of  the  Antarctic 
Continent  near  the  latitude  of  the  Antarctic  Circle;  and  Meinardus,  who  sup- 
plied the  great  monographs  treating  of  the  meteorological  results  of  the  expedi- 
tion, was  so  firmly  convinced  that  the  anticyclone  discovered  could  not  extend 
above  an  altitude  of  three  kilometers  that  he  even  prophesied  for  the  interior 
portions  of  Antarctica  an  area  destitute  of  snow.    To  quote  him : 

The  elevated  parts  of  Antarctica  above  2,000  to  3,000  meters  extend  into  the 
great  cyclone  of  the  polar  whirl  and  encounter  westerly  air  currents  during  tlie 
entire  year.  With  this  verification,  which  also  further  can  be  supported  by 
certain  observations  from  the  marginal  region,  there  follows  the  conclusion 
that  the  Antarctic  anticyclone  can  in  general  be  present  as  active  eJctncnt  in 
the  air  circulation  only  in  the  lower  parts  of  the  South  Polar  region,  •  •  • 
At  the  sea  level  and  on  the  borders  of  the  inland  ice— that  is,  within  the  known 
coast  areas,  the  anticyclonic  conditions  do  not  yet  prevail.*  (The  italics  are  in 
the  origlnah—W.  H.  H.) 

The  last  statement  particularly  Is  in  error,  since  easterly  and  not  westerly 
winds  are  the  rule  upon  the  margins  of  the  Antarctic  Continent  Everywhere 
above  the  Inland  ice  of  South  Victoria  Land  anticyclonic  conditions  had 
already  been  encountered  by  Capt  Scott  on  his  first  expedition ;  but  Meinardus, 
through  misinterpretation  of  the  westerly  winds  upon  the  lee  plateau,  has 
been  quick  to  seize  upon  them  as  evidence  that  at  this  elevation  one  has  passed 
through  the  anticyclone  into  the  supposed  polar  cyclone  above.  Other  state- 
ments in  the  report  of  Meinardus  are  likewise  strikingly  at  variance  with  facts 
either  known  at  the  time  or  revealed  by  subsequent  exploration.  I*robably 
because  of  the  stout  defense  of  the  supposed  polar  cyclones  by  such  an  au- 
thority as  Hann,  and  because  of  the  lack  of  general  knowledge  concerning  the 
necessary  anticyclonic  condition  above  a  continental  Ice  sheet,  the  newest 
meteorological  texts  by  Moore  and  Mllham  Include  reference  to  clrcumpolar 
whirls  In  the  sense  in  which  they  were  originally  envisioned  by  Ferrel. 

If  now  we  attempt  to  deal  with  actual  observations  of  atmospheric  pressures 
and  of  winds  within  the  polar  regions,  we  find  that  the  meteorological  reports 
upon  tlie  Challenger  expedition  discussed  by  Buchan  and  Sir  John  Murray,  and 
a  report  by  Bernacchi  dealing  with  the  meteorological  data  from  the  "*  Southern 
Cross  "  expedition  to  the  Antarctic,  all  Indicate  the  dominance  of  high  press- 
ures and  anticyclonic  conditions  to  the  southward  of  about  74"*  south  latitude. 
These  writers,  however,  have  all  referred  the  observed  facts  to  circulatory 
conditions  within  the  atmosphere  supposed  to  be  connected  primarily  with  the 
latitude;  in  other  words,  tlie  conditions  were  thought  to  be  essentially  polar. 
With  the  same  view,  It  would  seem,  two  recent  observers  have  carried  out 
important  observations  upon  the  free  atmosphere,  one  of  them  In  the  northern 
and  the  other  In  the  southern  polar  region,  and  obtained  results  which  elTectu- 
ally  dlsfiose  of  the  last  remaining  support  for  the  doctrine  of  polar  whirls.  It 
is  shown  that  within  both  polar  regions  up  to  the  uppermost  level  of  the  tropo- 
sphere, no  evidence  of  the  steady  westerly  currents  necessary  to  the  Ferrel 
theory  Is  to  be  discovered. 

•  The  upward  extension  of  anticyclonic  conditions  over  Antarctica  has  been 
Investigated  by  Barkow,  the  meteorologist  of  the  Second  German  Antarctic 
Expedition,  who  at  the  margin  of  the  Inland  Ice  of  Prince  Regent  Lultpold 

i**Lehrbach  der  Ueteoroloffle,"  2te  aafl.,  li>06,  p.  845;  Klimatologie,  vol.  1,  1008. 
p.  884. 

s  W.  Meinardus,  "  Meteorologlsche  Ergcbnlsse  der  Wloterstatlon  der  '  Ganfm,'  1002-1008. 
Deutsche  SOdpolar  Expedition  1001-1003, '  vol.  8  (MeteoroL,  h,  voL  1),  p.  82. 
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Land  (Intltade  77"*  45'  S.)  sent  up  pilot  balloons  to  the  extreme  elevation  of 
17,200  meters,  or  over  8  kilometers  above  the  ceiling  of  the  troposphere.*  These 
obser\'atlons  disclose  the  fact  that  easterly  and  northeasterly  winds  prevailed 
at  the  time  of  observation  in  all  levels  up  to  the  celling  of  the  troposphere, 
where  the  wind  veers  suddenly  through  an  angle  of  180°  and  blows  steadily 
from  the  southwest,  thus  indicating  an  anticyclone  fed  by  poleward  currents 
above  the  troposphere.  Barkow  calls  attention  to  the  speculations  of  Melnar- 
dus  above  referred  to,  and  shows  that  they  are  controverted  by  the  results  of 
his  observations. 

No  less  decisive  in  showing  the  absence  of  polar  whirls  are  conclusions  to  be 
drawn  from  observations  on  the  borders  of  the  inland  ice  of  Greenland.  At  a 
number  of  stations  on  the  west  and  southwest  coasts  ranging  between  latitudes 
64**  and  69**  De  Quervain  and  Stolberg,  in  1909,  conducted  ascents  of  pilot 
balloons  during  the  spring  and  early  summer,  carrying  their  observations  to 
extreme  heights,  often  in  excess  of  10,000  meters  (6}  miles),'  and  in  one  In- 
stance of  10,000  meters.  In  1912  Drs.  Jost  and  Stolberg  supplemented  these 
observations  by  a  second  series  carried  out  through  the  winter  season.* 

The  prevailing  surface  currents  at  these  stations  are  controlled  by  the 
Greenland  anticyclones  and  blow  from  the  southeasterly  quadrant,  though  with 
considerable  modiflcation  by  local  conditions  in  levels  below  1,000  meters.  On 
the  basis  of  his  balloon  observations,  De  Quervain  has  declared  that  a  polar 
whirl  which  Is  in  any  degree  unified  and  connects  the  different  low-pressure 
regions  of  the  clrcumpolar  latitudes,  is  out  of  the  question. 

Barkow  and  De  Quervain,  like  all  earlier  writers  upon  the  subject,  have  con- 
nected the  observed  air  circulation  within  the  higher  latitudes  with  conditions 
supposed  to  be  dependent  upon  the  earth's  geographic  pole;  that  is,  upon 
latitude. 

Based  upon  a  comprehensive  study  of  the  results  of  polar  exploration,  I 
pointed  out  in  the  years  1910  and  1911  that  the  circulation  of  the  air  within 
the  south  polar  region  is  largely  determined  through  the  influence  of  the 
Antarctic  continental  glacier,  and  in  only  lesser  degree  the  Greenland  conti- 
nental glacier  exercises  a  controlling  influence  upon  the  circulation  of  the  air 
in  the  higher  northern  latitudes.  The  anticyclone  of  the  Southern  Hemisphere 
particularly,  which  Murray  and  Buchan  had  referred  to  the  pole,  was  shown 
to  be  brought  about  and  fixed  in  position  through  the  refrigerating  effect  of 
the  vast  blanket  of  snow  and  Ice  which  enwraps  the  Antarctic  CJontinent* 
Thus  there  was  furnished  an  explanation  for  the  nourishment  of  these  inland- 
Ice  masses  through  adlabatlc  melting  and  vaporization  of  the  Ice  particles  of  the 
cirri  as  they  are  drawn  down  within  the  vortex  of  the  anticyclone,  and  the 
precipitation  of  this  moisture,  generally  as  fine  ice  needles,  when  it  comes  Into 
contact  with  the  glacier  surface  and  the  cooled  air  layer  immediately  above  it 
The  obvious  application  of  this  theory  of  alimentation  to  the  even  greater  con- 

1 E.  Barkow,  **  Vorlanflger  Berlcht  liber  meteorologiscben  Beobachtunffen  der 
deutschen  antarktlscben  Expedition,  1011-12,'*  Ter.  d.  k.  preasi.  meteor.  Inst.,  No.  206 
(Abb.,  Tol.  4,  No.  11),  Berlin,  1013,  pp.  T-11. 

'  A.  de  Quenraln,  **  Gleicbzeltlge  Pllotanfstiege  in  WettgrOnland  and  Island,  Veranstaltet 
dnrcb  die  schweixeriscb-dcutscbcn  G  run  la  nil-expedition  und  das  dllnlscbe  meteorologlsdio 
Instltut,"  Bcitr.  s.  Pbyslk  d.  fr.  AtmoRpbHre,  toI.  5,  1013,  pp.  132-158. 

*  A.  de  Quervain,  **  Qucr  durchs  GrSnlandeis,  Die  scbweiseriscbe  GrOnland-Expedition 
1012-13,"  Munich,  1014,  pp.  100.  pis.  15,  figs.  87  and  mnp. 

*  **  The  Ice  Masses  on  and  Al>oat  the  Antarctic  Continent,'*  Zeltscb.  f.  Gletscberk., 
▼o1.  5,  1010.  pp.  107-120;  '*  Characteristics  of  the  Inland  Ice  of  the  Arctic  Beglons,** 
Proc.  Am.  Phllos.  Soc.,  toI.  40,  1010,  pp.  00-100.  Also  **  Characteristics  of  Existing 
Glaciers,'*  MacmiHan  &  Co.,  New  York  and  London,  1011,  Cliaps.  IX  and  XVI  and 
afterword. 
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tineDtal  glaciers  of  the  Pleistocene  and  earlier  glacial  cycles,  was  made  in  a 
separate  contribution.^  For  these  fixed  anticyclones  themselves  so  much  evi- 
dence has  now  accumulated  that  their  existence  can  hardly  be  disputed. 

During  tlie  winter  season  tlie  great  deserts  of  moderate  latitudes  become  like- 
wise the  loci  of  anticyclones.  Their  influence  upon  the  general  circulation 
within  the  eartli*s  atmosphere  must  be,  however,  relative  to  that  of  the  inland 
Ice  smoll  by  comparison.  It  is  because  the  inland-ice  masses  have  a  domed 
surface  that  they  permit  the  air  which  is  cooled  by  contact  to  flow  outward 
centrlfugaliy  and  so  develop  at  aa  ever-accelerating  rate  a  vortex  of  exceptional 
strength.  As  already  pointed  out  in  my  earlier  papers,  this  is  one  of  the  essential 
oanditions  for  the  formation  of  strong  glacial  anticyclones. 

One  of  the  most  marked  characteristics  of  glacial  anticyclones  Is  a  strophlc 
action  which  would  likewise  appear  to  be  dependent  upon  the  shieldlike  form 
of  the  glacier  surface.  Opposed  to  each  other  are  here  the  abstraction  of  heat 
from  the  air  above  the  glacier  surface,  tending  to  make  it  slide  off  radially, 
and  the  increase  of  temperature  due  to  resulting  condensation.  Unlike  the 
latter,  which  is  determined  by  the  measure  of  the  vertical  component  of  Its  fall, 
the  contact  cooling  is  in  direct  ratio  to  the  time  the  layer  of  air  rests  upon  the 
now-ice  surfiice.  Ck>ndltlons  of  calm,  therefore,  favor  cooling  and  descent  of 
air  currents,  as  high  wind  velocity  does  the  warming  and  consequent  retardation 
or  even  reversal  of  the  descending  current  It  Is  not  surprising,  therefore,  that 
■trophic  glacial  storms  are  Initiated  in  calm  conditions,  *'  work  themselves  up," 
or  become  accelerated  to  acconl  with  the  acceleration  of  velocity  of  bodies 
•Uding  upon  inclined  surfaces  (here  further  accelerated  by  Increasing  slope 
toward  the  margins),  and  bring  about  their  own  extinction  when  the  air  passes 
over  the  surface  too  rapidly  for  surface  cooling  to  equal  adiabatic  warming. 
This  sudden  check  in  the  outward  flow  of  air,  which  Is  one  of  the  most  striking 
features  of  these  strophlc  movements.  In  turn  promotes  new  surface  cooling,  and 
causes  the  precipitation  of  fresh  snow  within  the  zone  of  near  contact  to  ice, 
thus  taking  place  as  the  blhszard  ends  and  often  with  the  sun  but  little  obscured. 
In  its  automatic  recurrence  of  similar  movements  the  glacial  anticyclone  thus 
bears  considerable  resemblance  to  the  hydraulic  ram. 

Tlie  observational  evidence  which  has  been  adduced  In  support  of  the  existence 
of  the  glacial  anticyclone  above  continental  glaciers  may  be  summarized  under 
the  following  heads : 

1.  Centrifugal  flow  of  surface  air  currents  above  Inland-Ice  mosses. 

2.  Out^vard  (centrifugal)  sweeping  of  surface  snow  largely  derive<l  from  the 
central  areas,  and  its  dq;KMsitlon  and  accumulation  as  a  marginal  fringe  about 
the  inland  ice. 

8.  Snow,  in  large  part  wind  driven,  above  the  sloping  portions  of  the  ice  mass. 
4.  Sudden  warming  of  the  air  at  the  end  of  the  blizzard — ^foehn  effect  In 
descending  currenta 
6.  Indraft  of  upper  air  currents  and  like  movements  of  the  cirri. 

6.  The  strophlc  actions  of  the  Antarctic  and  Greenland  blizzards. 

7.  Fixed  areas  of  relative  calm  corresponding  to  tlie  flat  central  bosses  of  the 
lee  domes. 

1 W.  H.  Hobbfl,  "  The  Pleistocene  Glaclatlon  of  North  America  Viewed  in  the  Light  of 
Our  Knowledge  of  Existing  Contlnentnl  Glaciers,'*  BuU.  Am.  Geogr.  Soc,  vol.  43,  1011. 
PIK  G41-050.  Whpn  this  theory  of  alimentation  was  announced.  I  snpposed  It  to  be 
new  to  science.  Prof.  Hans  Crammer  has  since  called  my  attention  to  a  little-known 
paper  by  Frlcker  published  as  early  as  1803.  in  which  a  similar  Idea  was  made  as  a 
■Hggestion  and  at  a  tini«  when  there  was  little  known  which  could  have  been  cited  in 
Its  support.  (Dr.  Karl  Frlcker,  *'  Die  Entstehung  and  Verbrcitnng  des  nntarktischen 
TrdbelHem"  EIn  Beltrng  tur  Geographie  der  Slldpolargeblete.  Leipzig.  1808.  p.  06 ;  also 
**  Antarktla,''  BchoU  usd  Gnind*  BerlUi,  1808,  pp.  187-188.) 
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8.  Air  highly  charged  with  moisture  within  the  central  area  of  calms,  and 
precipitation  of  snow  or  ice  near  the  glacier  surface. 

In  tlie  three  years  which  have  elapsed  since  the  appearance  of  my  Character- 
istics of  Existing  Glaciers  important  new  explorations  have  been  carried  out; 
the  inland  ice  of  Antarctica  has  been  t^vlce  penetrated  to  the  southern  geo- 
graphic pole,  and  new  areas  have  been  explored ;  several  crossings  of  Greenland 
have  been  made  along  new  routes ;  and  full  reports  upon  some  earlier  explora- 
tions have  become  available. 

For  the  full  evidence  derived  from  these  expeditions  which  bears  upon  the 
above  deductions,  the  reader  must  be  referred  to  my  recent  paper  treating 
of  the  nature  of  the  glacial  anticj'clone.'  It  will  be  sufficient  here  to  point  out 
In  what  manner  the  glacial  anticyclones  appear  to  affect  the  bringing  doAvn  of 
the  high-level  poleward  currents  of  the  atmosphere  and  by  reversing  them 
start  them  equatorward,  thus  retaining  them  in  the  usually  accepted  planetary 
system  of  circulation. 

The  Southern  Hemisphere,  being  less  invaded  by  the  continents,  offers  for  the 
purposes  of  study  some  advantages  on  the  side  of  relative  simplicity,  and  it  has 
in  its  meteorological  aspects  been  recently  comprehensively  treated  by  t#ockyer,* 
who  has  taken  full  account  of  the  results  of  Antarctic  explorations,  and  lias 
endeavored  to  show  the  conjugate  relationship  of  the  Antarctic  anticyclone 
area  with  successive  zones  of  cyclones  and  anticyclones  which  migrate  in  an 
easterly  direction  around  It.  Thus  it  is  found  that  between  the  low-pressure 
zone  lying  within  the  Tropics  and  the  fixed  high-pressure  area  above  Antarc- 
tica there  are  centered  near  the  latitude  of  40*  S.  a  series  of  broad  anticyclones 
which  progress  eastwardly  and  produce  the  effect  of  a  zone  of  mean  high 
pressure.*  Between  this  series  of  anticyclones  and  the  Antarctic  Continent  and 
centered  near  the  latitude  of  60*  S.  are  encountered  a  series  of  more  vigorous 
cyclones  of  smaller  diameter,  but  with  progression  eastwardly  at  about  the 
same  angular  rate  as  the  anticyclones.  Stationary  cyclones  are,  further,  found 
located  over  the  Weddell  and  Ross  Seas. 

The  cold  outward  flowing  currents  from  the  Antarctic  Continent  upon  reach- 
ing the  zones  of  progressing  cyclones  are  believed  by  Lockyer  to  ascend  In 
them  upon  the  west  side,  thus  accounting  for  the  cold  western  half  of  these 
cyclones  near  the  ocean  level.  At  this  junction  zone  of  the  glacial  anticyclone 
with  progressing  cyclones  the  air  rises  to  produce  rotating  cumulus  clouds,  and 
It  seems  not  unlikely  that  the  Interesting  "whlrlles"  are  connected  with  this 
uprise.* 

The  air  having  ascended  In  a  cyclone  on  Its  Journey  nort^iward  toward  the 
Equator  Is  believed  next  to  pass  downward  through  the  progressing  anticyclones 
to  the  northward,  and  to  reach  the  ocean's  surface  as  the  warm  current  on 
the  west  side  of  these  eddies.  Mawson*s  demonstration  through  wireless  com- 
munications that  the  hurricanes  of  Adelle  Land  preceded  by  some  48  hours  the 
arrival  of  storms  ot  the  Austrollan  south  coast  would  seem  to  support  strongly 
this  view  (flg.  10). • 

The  glacial  anticyclones  of  Greenland  and  Antarctica  through  drawing  down 
of  nlr  from  the  upper  levels,  and  as  a  consequence  of  a  throughout  centrifugal 
surface  circulation,  are  thus  a  very  important  factor  In  reversing  the  high 

»  "  The  rOle  of  the  glacial  nntlcyclone  in  the  air  circulation  of  the  globe,"  Proc  Am. 
Phil.  Soc,  vol.  54.  1915.  pp.  185-225. 

*  W.  J.  S.  Lockyer,  **  Southern  Hemisphere  surface  air  circulation,"  etc..  Solar  Physici 
Committee  nndcr  direction  of  Sir  Norman  Lockyer,  London,  1010,  pp.  109,  pis.  15. 

*  W.  J.  Ilamphreys,  **  On  the  physics  of  the  atmosphere,*'  Joar.  Franklin  Inst.,  1918, 
pp.  222-223. 

*  MawsoD,  The  Home  of  the  Blizzard,  vol.  2,  pp.  157-8  (fig.). 
•IlUd.,  flg.  opposite  p.  141. 
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polewnrd  cmrents  witbln  bl^  latitudes  and  directing  tbem  equatonrard.  The 
source  of  energy  which  maintains  the  whole  system  in  motion  is,  of  course,  the 
sun*s  lieat  concentrated  within  the  Tropics,  and  in  such  large  measure  absorbed 
over  the  continental  glaciers  (fig.  I-a).  It  is  to  be  assumed  that  the  uplands 
of  northeastern  Siberia,  the  smaller  masses  of  inland  ice  within  the  Arctic 
region,  and.  in  fact,  any  area  where  heat  radiation  is  large,  contribute  in  some 
measure  to  draw  down  the  upper  air  currents  and  reverse  their  direction.  It 
is  the  unhindered  radiation  of  desert  areas  which  is  responsible  for  the  anti- 
cyclonic  conditions  above  them  in  the  winter  season.  Abnormally  high  Insola- 
tion in  the  summer  season  may,  however,  overbalance  this  effect  and  produce 
cyclonic  effects.  The  moisture  locked  up  in  the  ice  needlts  of  the  cirri  and 
related  cloud  forms  above  those  areas  of  ocean  where  evaporation  is  large 
must,  however,  be  returned  to  the  earth,  especially  within  the  glacial  anti- 
cyclones. Of  this  moisture  a  portion  is  added  to  the  glacier  mass,  but  at  the 
present  time  a  much  larger  portion  is  blown  off  the  glacier  surface  into  the 
sea  and  so  returned  to  its  source  in  the  waters  of  the  ocean. 

If  the  above  conclusions  are  well  founded  it  would  aiq[)ear  that  excessive 
Insolation  within  the  equatorial  belts,  regarded  as  the  main  cause  of  differentia- 
tion into  climatic  zones,  has  been  unduly  emphasized ;  and  it  must  follow  that 
this  cause  should  be  combined  with  that  of  fixed  glacial  anticyclones  outside 
the  tropical  belts.  The  fixed  glacial  anticyclones,  which  are  wind  poles  of  the 
earth,  produce  centrlpetally  directed  high-level  wind  currents  combined  with 
centrifugally  directed  surface  currents  \vithln  the  moderate  and  high  latitudes ; 
whereas  insolation  about  the  Equator  yields  centrifuge lly  directed  high-level 
•currents  and  centrlpetally  directed  surface  currents.  Between  geographically 
separated  regions  circulatory  conditions  are  thus  in  a  conjugate  relationship  to 
each  other  and  each  type  is  equally  essential  to  a  complete  planetary  system  of 
circulation.  Without  the  anticyclones  the  accepted  system  of  circulation  is 
one-sided,  and  Ferrel's  speculation  concerning  the  polar  cyclones  was  an 
abortive  attempt  to  supply  the  missing  half  of  the  system. 

Let  the  glacial  anticyclones,  or  wind  poles,  disappear  and  the  ** highs"  de- 
veloped over  plateaus  could  obviously  supply  but  a  mild  semblance  of  the 
present  circulating  system  and  one  without  zonal  relationships  such  as  exist 
to-day  and  in  a  more  eccentric  and  vigorous  type  during  Pleistocene  time, 
ecologically  considered  the  alternating  group  of  glacial  and  intergladal  climatic 
cycles  of  the  Pleistocene  is  being  continued  into  the  present,  as  every  new  ob- 
cervation  makes  increasingly  evident  Farther  back  than  the  Pleistocene  we 
have  evidence  that  general  glacial  conditions  existed  over  large  areas  in 
Permian,  probably  in  late  Proterozoic  or  Cambrian,  and  possibly  also  in  De- 
vonian time.  Observations  of  glacial  deposits  from  other  geological  periods 
point  to  distinctly  local  gladation« 

Somewhat  striking  side  lights  upon  this  question  of  planetary  circulation  have 
been  supplied  from  the  field  of  paleobotany.  Since  the  publication  of  an  essay 
by  the  Marquis  of  Sa porta  the  attention  of  paleobotanists  has  been  directed  to 
the  somewhat  astounding  conclusion  from  observations  of  fossil  floras  that  gen- 
eral uniformity  of  climate  without  marked  zonal  differentiation  has  been  charac- 
teristic from  early  geological  times  up  to  the  Pleistocene.  An  exceptional  varia- 
tion in  Devonian  time  has,  however,  been  put  upon  record  by  Matthew.*  Two 
of  the  most  eminent  among  American  paleobotanists '  in  1910  Joined  in  certain 
generalizations  of  which  the  most  important  is  that  glaciation  has  been  ac- 


>  G.  F.  Ifattbew,  **  Were  There  Climatic  Zones  in  DeTonlan  Times?  "  Proc  and  Trans. 
Boy.  Soc.  Can^  8d  Ser^  VoL  V.  1011,  Sec.  iv.  pp.  125-153. 

'  David  White  and  F.  II.  Knowlton,  "  ETidences  of  Paleoliotany  as  to  Geological  CU- 
ttate,**  Sdciice,  N.  &,  toL  81,  1910,  p.  700. 
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companied  by  abnormality  of  climate,  the  normal  climate  being  a  uniform  one 
without  zonnl  differentiation.  These  generalizations  concerning  the  cUmatolog- 
leal  criteria  offered  by  the  fossil  floras  are  as  follows: 

1.  **  Relative  uniformity,  mildness  (probably  subtropical  in  degree)  and  com* 
parative  equability  of  climate,  accompanied  by  a  high  humidity,  have  prevailed 
over  the  greater  part  of  the  earth,  extending  to,  or  into,  the  Polar  circles,  dur- 
ing the  greater  part  of  geologic  time  since,  at  latest,  the  Middle  Paleozoic 
This  is  the  regular,  the  ordinary,  the  normal  condition.  From  a  broad  point  of 
view  these  conditions  are  relatively  stable. 

2.  ''The  development  of  strongly  marked  climatic  zones,  at  least  betwe^i 
the  polar  circles.  Is  exceptional  and  abnormal.  It  is  usually  confined  to  short 
intervals,  or  to  Intermittently  oscillating  short  Intervals,  all  within  relatively 
short  periods. 

8.  "  Tlie  periods  of  abnormal  climatic  differentiation  are  characterized  by  the 
development  of  extremes — i.  e.,  by  extreme  and  abnormal  heat  or  cold  (glacta- 
tlou),  humidity  or  aridity — which  are  local  or  regional  in  their  occurrence  and 
variable  or  unstable. 

4.  ''The  brief  geological  period  in  which  we  live  is  a  part  of  one  of  the 
most  strongly  developed  and  unstable  of  these  abnormal  intervals  of  radical 
change.  The  assumption  that  climatic  variations,  contrasting  extremes,  and  com- 
plexity of  combination  and  geographic  distribution  of  climatic  factors,  such  as 
now  exist,  are  normal  or  essential,  and  that  they  were  present  also,  though 
in  slightly  less  degree,  in  all  geological  periods,  appears  to  be  without  paleo- 
hotanical  warrant.  The  proposition  that  we  are  still  in  the  glacial  epoch  is 
paleontologically  true.  We  have  no  evidence  that  in  any  other  post-Silurian, 
with  perhnps  the  exception  of  the  Permo-carboniferous  glacial  period,  have  the 
climntlc  distribution  and  segregation  of  life  been  so  highly  differentiated  and 
complicated  as  in  post-Tertiary  time. 

5.  "  Tlie  distribution  and  characters  of  most  of  the  pre-Tertiary  floras  show 
that  time  and  again  during  the  great  periods  of  relative  uniformity  aqd  equable 
mildness,  plant  associations  were  able  to  pass  from  one  high  latitude  to  the 
opposite  without  meeting  an  efficient  climatic  obstruction  in  the  equatorial 
region.  The  unchanged  features  of  the  species  and  the  grouping  of  the  latter 
show  that  the  <;|iinatic  elements  of  the  environment  must  have  been  similar 
throughout  the  range  of  the  flora.  Therefore  it  apepars  that  a  climate  essen- 
tially the  same  must  have  continued  from  one  latitude  to  the  other  without 
the  interposition  at  those  periods  of  a  torrid  equatorial  zone.  The  absence  of  the 
latter  may  also  be  Inferred  from  the  relative  uniformity  of  distribution  in  other 
directions,  as  shown  by  the  remarkable  east-west  and  radial  ranges  of  the 
floras. 

6.  "  The  development  and  existence  of  torridity — i.  e.,  of  a  torrid  zone  in  the 
equatorial  belt  or  any  other  great  region  of  the  earth — is  concomitant  and 
casually  connected  with  the  development  of  regional  frost.  It  would  appear 
that  the  occurrence  of  a  torrid  zone  is  peculiar  to  abnormal  or  glacial  intervals.** 

By  this  series  of  generalizations  an  interesting  light  is  thrown  upon  the 
making  of  scientific  theories,  to  which  we  have  already  adverted  early  In  thU 
paper.  Living  as  we  do  In  one  of  the  brief  abnormal  climatic  periods  of  tlie 
earth's  history,  it  was  inevitable  that  our  pictures  of  past  geological  timo 
should  be  colored  to  accord  with  those  with  which  we  are  familiar  from 
our  o>vn  experiences,  and  to  rid  ourselves  of  such  preconceived  notions  is 
always  a  difficult  matter.  It  is,  we  believe,  an  important  contribution  to  have 
shown  that  the  study  of  existing  continental  glaciers  has  supplied  the  exphina* 
tion  for  the  conditions  from  the  revealed  field  of  paleobotany. 
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Looking  now  to  the  future  for  the  direction  which  further  investigation 
gbould  take  in  elucidation  of  this  subject,  one  may  call  attention  to  the  topog- 
raphy of  the  celling  of  the  earth's  troposphere.  Recent  studies  upon  the  free 
Atmosphere  have  Indicated  that  this  surface  suffers  a  general  drop  from  an  ele- 
vation of  18  or  more  kilometers  in  tropical  Africa  toward  much  lower  levels  in 
the  high  latitudes  of  northern  Europe  and  Antarctica.  The  supply  of  additional 
data  from  widely  separated  regions  must  show  whether  this  surface  descends 
toward  the  geographic  poles  or  toward  the  wind  poles  above  tlie  continental 
glaciers.  The  latter  would  seem  to  be  clearly  indicated,  though  current  as- 
sumptions among  meteorologists  appear  to  point  generally  in  the  other  direc- 
tion. Since  the  geographic  and  wind  poles  are  more  nearly  in  coincidence  in 
the  southern  hemisphere,  the  decisive  test  must  be  made  in  high  northern  lati- 
tudes. 

When  the  director  of  the  Macmillan  Crocker  Land  Expedition  did  me  the 
honor  to  request  my  assistance  in  laying  out  the  glacial  work  of  the  expedition, 
one  of  the  special  investigations  which  I  advocated  was  the  conducting  of  pilot- 
balloon  observations  over  the  inland  ice  of  Greenland  during  the  projected 
sledging  Journey  into  the  interior.  The  projected  cruise  by  Captain  Amundsen 
in  the  ^  Fram  "  across  the  north  Polar  Sea  with  the  auxiliary  use  of  an  aero- 
plane, offers,  as  we  believe,  unique  opportunities  for  fixing  by  the  use  of  both 
pilot  and  sounding  balloons  the  upper  limit  of  the  convective  zone  of  the  at- 
mosphere above  that  area ;  and  the  results,  if  combined  with  successful  studies 
over  Greenland  and  along  the  west  shores  of  Baffin  Bay,  should  supply  a 
decisive  answer  to  the  question. 

The  Chairman.  The  remaining  papers  on  the  program  for  this 
afternoon  which  have  not  been  read  will  be  regarded  as  read  by  title. 
The  first  one  is  entitled  "Tlie  meteorological  influences  of  lakes,** 
by  Mr.  E.  B.  Miller,  of  the  United  States  Weather  Bureau,  Madison^ 
Wis.  Mr.  Miller  has  not  been  able  to  be  present  at  the  congress.^ 
The  samiB  course  will  be  pursued  in  regard  to  the  paper  on  ^^The 
position  of  meteorology  among  the  sciences,"  by  Mr.  C.  F.  von  Her- 
mann, of  the  United  States  Weather  Bureau,  Atlanta,  Ga.  These 
papers  will  be  regarded  as  read  by  title  and  printed  in  the  proceed- 
ings of  the  Congress.  Prof.  Hobbs*s  paper  is  now  before  you  for 
discussion. 

Mr.  Clayton.  Mr.  Chairman,  it  seems  to  me  that  Prof.  Hobbs's 
idea  of  the  Ferrel  theory  is  based  entirely  on  a  misconception  of 
FerrePs  theory.  In  my  study  of  that  theory  it  seems  to  me  that  he 
makes  it  perfectly  clear  that  no  cold-air  cyclone  can  exist,  such  as  his 
polar-air  cyclone  in  the  upper  air,  unless  there  is  a  slow  inward 
movement  of  the  air  toward  the  center  to  make  up  for  the  loss  by 
friction  in  the  air.  A  whirl  when  it  is  started,  should  continue  ta 
whirl  if  there  were  no  friction;  but  in  order  for  the  whirl  to  maintain 
itself  against  friction  there  must  be  a  slow  continuous  movement 
toward  the  center  of  the  cyclone.  If  in  the  upper  air  where  the 
whirl  takes  place  there  is  a  descent  of  air,  which  is  the  theory  of  the 
co!d-air  cyclone,  it  means  that  there  must  be  a  central  anticyclone 
below  for  the  air  to  flow  out,  to  supply  a  place  for  the  air  which  is  to 
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flow  in  from  above.  Ferrel  makes  that  perfectly  clear  to  me  in  hia 
explanation  of  his  theory,  and  he  seems  to  explain  the  facts  perfectly. 
A  curious  thing  is  that  one  of  the  first  objections  that  I  ever  read  to 
Ferrels  tlieory  was  that  thei*e  did  not  exist  that  outflow  at  the  polar 
regions;  and  if  Prof.  Hobbs  will  look  up  a  paper  written  by  Prof. 
Davis,  I  think  in  the  American  Journal  of  Science,  15  years  ago,  he 
defends  that  particular  theory  of  Ferrel  and  of  the  polar  anticyclone 
which  his  theory  demands.  Ferrel  himself  rather  yielded  to  this 
attack,  that  there  did  not  exist  an  outflow  at  the  poles,  but  that  there 
was  a4)revalence  of  polar  calms.  That  seemed  to  be  shown.  It  did 
not  fit  his  theory,  but  he  thought  the  outflow  took  place  above,  just 
as  on  a  clear  night  you  will  find  the  air  calm  below  while  the  wind 
only  a  few  hundred  feet  above  the  earth  is  blowing  briskly  along. 
Ferrel  assumed  that  next  to  the  polar  ice,  on  account  of  the  low 
temperatures,  the  air  had  become  still;  but  his  theory  distinctly  de- 
mands an  anticyclone  at  the  polar  regions  in  order  to  make  it  possible 
for  a  cyclone  to  exist  with  a  westerly  wind.  So  I  think  instead  of 
overturning  Ferrel's  theory  the  anticyclone  absolutely  supports  it. 
And  it  seems  to  me,  with  all  the  attacks  that  have  been  made  on 
Ferrel's  theory,  it  fits  the  theory  of  the  atmospheric  circulation  bet- 
ter than  anything  else  that  has  been  proposed  so  far;  and  every 
theory  must  be  tested  by  how  it  fits  the  facts.  Then,  again,  one  por- 
tion of  Ferrel's  theory  is  the  theoretical  outflow  of  northwest  winds 
above  the  steady  southwest  winds  in  intermediate  latitudes.  That 
particular  phase  of  his  theory  has  not  been  fully  confirmed  by  obser- 
vations unless  we  assume,  as  Hildebrandsson  has  shown,  that  the 
cirrus  clouds  represent  this  counterflow  in  the  intermediate  lati- 
tudes. His  observations  show  that  all  through  the  northern  hemis- 
phere the  tendency  of  the  cirrus  clouds  is  from  the  northwest  toward 
the  belt  of  high  pressure  in  about  latitude  30,  and  if  there  is  a  back- 
ward flow  above,  which  has  not  yet  been  proven,  then  his  theory  is 
perfectly  in  accordance  with  the  facts.  The  only  thing  that  I  know 
that  has  not  been  proven  yet  by  observation  is  an  inward  draft  above; 
but  the  fact  that  there  is  an  outdraft  below  seems  to  me  to  imply  that 
Mr.  HoBBs.  I  think  Mr.  Clayton  has  misunderstood  me.  in  one 
respect.  I  am  not  attacking  the  Ferrel  theory  as  a  whole,  but  in 
reference  to  the  high  latitudes  only.  I  assume  that  his  contribution 
to  the  theory  of  planetary  air  circulation  in  large  part  can  be  ac- 
cepted, but  when  Mr.  Clayton  says  that  FerreFs  theory  fits  polar 
conditions  I  must  say  most  emphatically  that  it  does  not.  The  fact 
is  that  Ferrel  was  without  facts  to  go  upon  south  of  54®  south  lati- 
tude. If  Mr.  Clayton  implies  that  when  Ferrel  refers  to  the  whirling 
westerly  winds  he  had  reference  to  winds  high  up  in  the  atmosphere, 
whereas  elsewhere  he  refers  to  surface  winds,  I  can  not  agree  with 
him. 
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For  the  northern  polar  region  meteorological  observations  xrere 
long  restricted  to  the  accessible  portions  of  the  western  coast  of 
Greenland.  Owing  to  the  nearness  of  the  inland  ice,  tlie  prevailing 
winds  were  found  to  be  easterly,  and  the  assumption  has  generally 
been  made  in  the  absence  of  observations  that  the  same  rule  applies 
to  the  eastern  coast  of  that  continent  We  now  know  that  on  the 
eastern  coast  the  winds  are  westerly  and  similarly  controlled  by  the 
inland  ice,  but  Chamberlin  and  others  have  fallen  into  the  eri-or  of 
assuming  easterly  winds  to  be  universal  throughout  that  region. 
Even  now  this  dominant  error  has  not  been  altogether  corrected. 
Obs»-vations  made  on  the  southwest  coast  of  Greenland  upon  the 
free  atmosphere  have  further  shown  that  even  high  up  in  the  tropo- 
sphere we  do  not  get  steady  west  winds.  In  the  southern  hemis- 
phere on  the  borders  of  the  inland  ice  of  Antarctica  observations  by 
Barkow  likewise  refute  the  Ferrel  doctrine  of  westerly  polar  whirls. 

The  following  papers  were  presented  and  read  by  title : 

The  meteorological  influences  of  lakes,  by  Eric  Rexford  Miller. 

The  position  of  meteorology  among  the  sciences,  by  Charles  F. 
Ton  Hermann. 


THE  METEOROLOGICAL  INFLUENCES  OF  LAKES. 

By  EMC  REXFORD  MILLER, 
Local  Forecaster,  United  States  WeatJier  Bureau,  Madison^  Wis. 

The  object  of  this  paper  Is  to  call  attention  to  the  relatively  important  effects 
of  the  land  and  sea  breezes  and  of  the  monsoons  of  the  Great  Lakes  of  North 
America,  notwitlistanding  the  interference  tliat  their  typical  development  suf- 
fers from  the  procession  of  cyclonic  and  antlcydonic  eddies  of  the  west  wind 
belt 

The  land  and  sea  breeze  is  well  known,  especially  to  those  members  of  the 
Pen  American  Scientific  Congress  who  come  from  tropical  America.  The  mon- 
soon is  less  familiar  to  those  who  have  not  experienced  the  climate  of  southern 
Asia.  These  winds  are  alternating  air  movements  to  and  from  bodies  of  water. 
The  land  and  sea  breeze  completes  it  cycle  of  to-and-fro  movement  in  one  day, 
while  the  period  of  the  monsoon  is  the  year.  They  are  to  be  considered  as 
single  members  only  of  convectional  circulations  of  the  atmosphere,  which  are 
made  up  not  only  of  the  horizontal  meml)ers  that  we  know  by  the  above  names, 
but  of  a  vertical,  ascending  current,  a  horizontal  current  in  the  upper  atmos- 
phere, and  a  vertical  descending  current  to  complete  the  circuit 

The  source  of  these  currents  of  air  is  found  in  the  alternate  heating  and 
cooling  of  the  earth's  surface,  and  especially  in  the  greater  fluctuation  of  tlie 
temperature  of  the  land  than  of  the  water  surface.  The  ascending  member  of 
the  circulation  is  always  found  over  the  warmer  surface,  and  the  surface  flow  is 
In  consequence  toward  the  warmer  region.  Thus  the  sea  breeze  blows  toward 
the  land  during  tlie  daytime,  and  the  land  breeze  toward  the  sea  at  night  when 
tlie  sea  surface  is  less  cooled  than  the  land,  by  nocturnal  radiation  of  heat 
The  monsoon  blo%v8  toward  the  land  during  the  summer,  toward  the  sea  In 
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winter.    These  winds  are  observed  to  clmnge  direction  during  their  blowingr 
turning  to  the  right  In  the  Northern  Hemisphere,  to  the  left  in  the  soutliem. 

Tlie  vertical  currents  are  subject  to  changes  of  profound  Interest,  because  the 
air  in  them  is  subjected  to  rapid  changes  of  pressure.  The  actual  antount  of 
diange  varies  with  the  temperature  of  the  air,  but  it  is  about  1  pound  per 
square  inch  for  2,000  feet  of  vertical  distance.  Such  changes  of  pressure,  de- 
creasing in  ascending  currents,  increasing  in  descending  currents,  produce' 
changes  of  volume  and  of  temperature,  according  to  the  laws  of  Boyle  and 
Charles.  An  ascending  current  cools  at  the  rate  of  1*  F.  in  178  feet  (1*  C.  In 
100  meters),  and  descending  currents  warm  at  the  same  rate.  Such  tempera- 
ture changes  induce  corresponding  changes  of  state  of  the  aqueous  vapor  in 
the  air.    Cloudiness  and  rainfall  occur  in  the  ascending  current,  dryness  and 

clearness  characterize  the  de- 
scending current  The  latter 
condition  is  especially  favor- 
able to  the  passage  of  radia- 
tion, it  may  be  remarked. 

I  have  limited  the  present 
Ktudy  to  that  peninsula 
formed  by  upper  Michigan 
and  northern  Wisconsin  be- 
tween the  adjacent  lakes, 
Michigan  and  Superior, 
partly  because  it  affords  tlie 
best  example  of  the  plie- 
nomena  studied  and  partly 
because  the  data  for  other 
regions  were  not  so  readily 
available  to  me.  The  lake 
region  lies  in  the  belt  of 
westerly  winds,  which  is  kept 
in  continual  turbulence  by  a 
procession-  of  atmospheric 
vortices,  cyclonic  and  anticy- 
clonic.  It  is  only  at  rare 
intervals  that  the  land  and 
sea  breeze  has  sole  control 
of  the  situation.  The  tend- 
ency of  the  air  to  circulate  between  land  and  water  is,  however,  always 
present  when  these  surfaces  differ  in  temperature,  and  at  times  when  it 
can  not  control  the  air  movements  itself,  acts  as  a  deflecting  force  upon 
stronger  circulatory  movements.  In  order  to  exhibit  the  effects  of  lake 
influence  upon  the  winds  it  is  necessary  to  deduce  the  resultant  wind  for 
tlie  day  winds  and  for  the  night  winds  separately.  This  is  done  by  compound- 
ing, by  the  usual  rule  for  vectors,  the  total  movement  observed  from  each  of 
the  prlncii)al  points  of  the  compass.  In  this  process  the  accidental  and  variable 
movements  from  opposite  directions  neutralize  one  another  and  leave  the  steady 
phenomena  to  be  studied.  I  have  done  this  for  the  morning  and  afternoon  wind 
movements  in  June  at  Duluth  and  Marquette,  on  Lake  Superior,  and  Elscanaba, 
Green  Bay,  and  Milwaukee,  on  L4ike  Michigan,  and  for  Madison  at  a  distance 
of  80  miles  from  the  latter  lake,  and  exhibit  the  result  in  figure  1  and  in 
Table  1.  The  observations  available  to  me,  those  telegraphed  for  use  in  pre- 
paring the  official  weatlier  map,  are  made  at  7  a.  m.  and  7  p.  m.  in  the  lake 
region,  not  the  times  of  maximum  development  of  the  land  and  sea  breeze.    I 


Fio.  I.— Resultant  wind  movement  in  Jane,  at  7  a.  m.  ( ¥) 

and  at  7  p.  m.  (4- )  at  lake  shore  stations.    Based  on  11 

years  observations,  100^1915.    (Author's  original  illustra- 
tion.) 
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should  niso  have  done  better  to  have  chosen  Augnst  or  September,  since  the  lakes 
are  generally  colder  than  the  land,  even  at  night  in  June.  However,  the  vec- 
tors, which  take  account  of  both  the  direction  and  velocity  of  the  wind,  show 
clearly  the  tendency  to  offshore  winds  in  the  morning  and  onshore  winds  in 
the  evening,  which  is  as  it  should  be.  The  effects  of  local  topography  and  of 
general  atmospheric  drift  remain  in  these  vectors. 

In  order  to  show  the  prevailing  direction  and  intensity  of  the  temperature 
gradient  tending  to  produce  convectional  circulation  of  the  atmospiiere  between 
the  peninsula  and  the  adjacent  lakes,  figure  2  has  been  prepared.  The  lines 
numbered  (3)  and  (4)  show  the  temperature  of  the  surface  water  of  Lakes 
Michigan  and  Superior,  respectively;  those  numbered  (1)  the  mean  maximum 
temperature,  and    (2),  the  mean  minimum  temperature,  show  the  average 


Fio.  2.— Amnial  march  of  tomperatore:  1,  mean  maximum  temperature  at  If  edford.  Wis.;  2,  mean 
minimum  temperature  at  If  edford.  Wis.;  3,  mean  water  surface  temperature  at  Eleven  Foot 
Shoai,  Lake  Michigan;  4,  mean  water  surface  temperature  at  Devil's  Island,  Lake  Superior. 

range  of  fluctuation  of  the  air  temperature  over  the  peninsula  at  a  point  midway 
between  the  lakes.  The  data  for  the  lake-surface  temperatures  are  derived 
from  observations  made  in  1905  and  lOOG  under  the  direction  of  the  Lake 
Survey.  Lake  Superior  is  represented  by  data  for  Devils  Island,  latitude 
47*  05'  N.,  longitude  00*  45'  W.«  and  Lake  Michigan  by  Eleven  Foot  Shoal, 
45*  3S'  N.,  87*  W.  Lake  Superior  is  colder  by  nearly  10  degrees  in  its  eastern 
basin,  as  shown  by  observations  at  Stannard  Rock,  47*  10'  N.,  87*  12'  W.  The 
inland  air  temperatures  are  for  Medford,  Wis.,  as  given  by  Henry  in  his  Cli- 
matology of  the  United  States.  These  curves  show  that  the  inland  air  temi^ora- 
ture  fluctuates  both  above  and  below  the  water  surface  temperature  in  such  a 
way  as  to  cause  a  true  land  and  sea  breeze,  on  the  average,  only  from  .July  to 
October  and  in  March  and  April.     From  November  to  February  the  land  Is 
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Fig.  3.— Temperature  cross  sections  of  the  Upper  reolnsulaof  Michigan  at  the 
warmei  and  coldest  tinier  of  the  day  In  April,  June,  and  Eeptembor.. 
(Author's  original  illustration.) 
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Qsoally  colder  than  the  lakes,  and  an  offshore  monsoon  should  be  expecte<l, 
while  In  May  and  June,  when  the  land  is  wanner  than  the  lakes  both  day  and 
night,  as  a  rule,  the  opposite  tendency  should  be  predominant    In  figure  3  are 


FM.  4.— AT«ragtt  rainflall  for  tho  six  months  Apiil-Ftptembcr.  in  toch«s.    For  th«  period 
oC19(M-19U.    Based  on  68  stations.    (Author's  original  fliustration.) 


Pio.  5.— SnowiU]  U  tbe  Lake  'Rtgfoa,  in  inches.    (From  Brooks,  Snowfall  of  the  United 

Sutes.) 

exhibited  the  day  and  night  temperature  gradlpnts  across  the  peninsula  at  the 
time  most  favorable  to  the  sea  breeze  in  tlie  upper  curve,  wlilch  pives  tlie  mean 
maxima  at  the  series  of  stations  across  the  peninsula,  and  at  tlie  time  most 
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favorable  to  the  land  breeze  by  the  lower  curve  of  the  mean  minima.  The  con- 
vexity  of  the  upper  curves  and  the  concavity  of  the  lower  curves  across  the 
peninsula  give  a  rough  measure  of  the  force  driving  the  wind  toward  the  land 
In  the  afternoon  and  toward  the  lalve  In  the  night 

Ck)nsideration  of  these  two  diagrams,  figures  2  and  3,  indicates  that  the  ascend- 
ing currents  over  the  land  are  likely  to  be  most  active  between  April  and  Sep- 
tember. In  view  of  the  cooling  that  ensues  in  ascending  currents,  heavier  rain- 
fall is  to  be  expected  over  the  land  during  these  months.  In  order  to  verify 
this  deduction  I  have  averoged  the  rainfall  for  10  years  for  these  six  montlm 
from  the  tables  of  rainfall  data  published  in  United  States  Weather  Bureau 
Bulletin  W,  "  Glimatological  data  by  sections,"  taking  for  tlie  purpose  C8  stations 
with  complete  or  nearly  complete  series  of  observations  for  the  period.  Tlie 
missing  data  were  supplied  by  interpolation  from  comparisons  with  surrounding 
:StatIon8.    The  result  of  this  investigation  is  exhibited  in  figure  4.    The  excess 


Fio.  0.— Average  tnniuJ  rainlidl  of  Wisconsin  and  Kloliifeaii.  (Prom  Gannett,  Distri- 
bution of  RainfUl  U.  8.  O.  &  Water^upply  Paper  234,  and  Bonnann,  Monthly 
Weather  Review,  Jvly,  1913.) 

of  rainfall  in  the  interior  of  the  peninsula  over  that  on  the  lake  shores  is  no  less 
than  12  inches,  or  8G  per  cent  of  the  latter.  The  winter  precipitation,  on  the 
other  hand,  is  mostly  in  the  vicinity  of  the  lakes.  G.  F.  Brooks  has  mapped  the 
snowfall  of  the  lake  region,  and  I  copy,  in  figure  5,  a  portion  of  his  map.  I 
am  not  prepared  to  assign  this  precipitation  to  local  convectional  circulation, 
although  tlie  fact  tliat  the  land  surface  is  nearly  20'  colder  than  the  water 
surface,  which  does  not  freeze  in  winter,  demands  that  some  credit  be  given 
*  this  influence.  Tlmt  tlie  summer  and  winter  distributions  of  precipitation  are 
nearly  compensatory  is  shown  by  the  map  of  average  annual  rainfall,  figure  0, 
wherein  the  maxima  are  only  obout  14  per  cent  higher  than  the  minima. 

Tlie  descending  member  of  the  circulation  of  the  air  between  the  land  and  the 
lake  has  effects  scarcely  less  important  than  those  attending  the  ascending  cur- 
rent when  it  prevails  over  the  land.  Descending  currents  are  induced  by  the 
land  being  colder  than  the  lake.  Their  descent  involves  compression  of  the 
descending  air,  so  that  clouds  are  usually  absent  from  descending  currents. 
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no.  7.— Vean  dall j  rtnc^  of  tmipentart,  In  decreet  Fahrenheit,  for  the  six  warmer  months.  Aprll- 
k  pptember.  Based  oa  recordi  from  49  stations  (or  the  Ave  jear%  1906-1913.  (Author's  original 
fllUbtrfttkio.) 


Fw.  &— The  ayerage  Interval  hi  dajt  between  the  last  killing  ft^it  fai  spring  and  the  first  klUtaig 
frost  in  f^   (From  BnU.  V,  U.  S.  Weather  Bnreaa.) 

0S436— TOL  n— 17 ^13 
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This  insures  free  egress  for  radiation  from  the  soil,  so  that  stili  further 
refrigenition  of  the  land  surface  ensues.  The  very  low  minima  in  the  interior 
of  the  peninsula  in  September,  as  compared  with  the  conditions  in  April  and 
June,  in  figure  3,  may  be  ascribed  to  this  cause  since,  in  September,  acconling 
to  figure  2,  conditions  are  more  favorable  for  the  development  of  the  land 
breexe.  Of  course,  these  cur%'es  represent  average  conditions.  It  is  not  at  all 
uncommon  for  anticyclones  to  bring  in  air  in  April,  May,  and  June  that  is  much 
colder  than  the  lake  surface. 

PER  CENT  OF  LAND  AREA  IN  FARMS. 
(Per  oent  for  the  mate,  59.B.] 

Tb*  perccntor«rMliifaniH,wb«il««tluui».bliijert«dun4(Ttb«oouut7Uftme. 


1  I   UM  TNAM  30  rcil  CCMT 

10  TO  40  Kit  CMT 

'  40T0  jO  nn  ccjiT 

I   60  TO  DO  fVH  CCRT 
00  TO  00  nM  eCMT 

BSg  90  TO  96  rail  ecNT 

^H    ttb  TO  lOOMNCtflT 


Fio.  0. 

It  results  from  this  action  that  the  mean  daily  range  of  temperature  in  the 
interior  of  the  peninsula  is  much  increased  through  lowering  of  the  nocturnal 
minima.  A  map  which  I  have  prepared  from  data  published  in  the  Montldy 
Weather  Review  and  in  the  State  summaries  of  climatological  data  by  aec- 
tions  for  each  month  shows  the  mean  daily  range  of  temperature  over  the 
peninsula  for  the  six  warmer  months.  The  daily  range  of  temperature  (fig.  7) 
is  nearly  twice  as  wide  in  the  middle  of  the  peninsula  as  it  is  on  the  lalce 
shores. 
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The  excessive  noctnrnal  cooling  here  described  is  favomble  to  tlie  produe- 
tloD  of  very  late  frosts  in  spring  and  very  early  frosts  in  fall.  Figure  8,  taken 
from  Mr.  Preston  G.  Day*s  Frost  Data  of  the  United  States,  shows  clearly  the 
extreme  susceptibility  of  the  peninsula  to  frosts.  The  shortness  of  the  average 
Interval  bet\veen  the  last  frost  in  the  spring  and  the  first  in  fall  is  mitigated 
somewhat  by  the  great  numl>er  of  small  lakes  in  that  region,  but  it  is  serious 
enough  to  have  seriously  retarded  the  agricultural  development  of  that  dis* 
trict  The  Wisconsin  agricultural  experiment  station  has  done  much  to  ameiio- 
rate  conditions  by  breeding  new  varieties  of  crops  that  complete  their  life  c^cle 
In  the  short  period  available.  Tiie  report  of  the  United  States  Census  for  1010 
showed  tlmt  at  tliat  time  only  from  3  to  15  per  cent  of  the  land  area  of  the 
cotmties  in  the  district  midway  between  the  lakes  had  l)een  brought  under 
cultivation,  while  more  than  90  per  cent  of  the  land  area  of  the  counties  in  the 
more  favored  portion  of  the  State  (fig.  9)  is  in  farms.  This  difference  is 
probably  not  all  due  to  the  shortness  of  the  northern  growing  season.  That 
area  was  very  heavily  forested  when  Wisconsin  was  first  settled,  perhaps  oo 
account  of  the  heavy  summer  rainfall  that  we  have  already  noted  as  due  to 
the  summer  monsoonal  air  circulation.  The  cutting  of  the  forests  has  left  the 
land  thickly  infested  with  stumps,  whose  removal  is  a  costly  and  laborious 
operation. 

It  must  be  recognized  that  lakes  exercise  an  important  influence  upon  the 
climate  of  their  adjacent  lands,  even  in  the  belt  of  westerly  winds,  where  their 
influence  is  often  oi>scured  by  eddy  motions  on  a  larger  scale.  Their  influence 
is  not  restricted  to  the  simple  transfer  of  moist,  cool  lake  air  to  the  adjacent 
shores  on  hot  summer  days,  or  to  the  tempering  of  passing  cold  waves,  but  their 
influence  extends,  on  account  of  tlie  special  phenomena  of  ascending  and 
descending  air  currents,  to  regions  far  from  the  lake  shores,  where  they  cause 
heavier  rainfall  in  the  warmer  months  and  clear,  frosty  nights  whenever  the 
land  surface  temperature  is  lower  than  that  of  the  lake  surface. 

Takjb  L — Average  number  of  times  Ihe  wind  blew  from  each  direction  in  the 
month  of  June,  for  the  period  1905-1915. 

TABLE  L 
(«)lfOBimiO(7A.M). 
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Average  velocity  of  the  wind  from  each  direction,  in  June,  for  the  perioS 

IUO0-IVI5  {miles  per  hour). 


(e)  MOBNXNO  (7  A.  U.), 

N. 

NE. 

E. 

8E. 

8. 

8W. 

W. 
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dOm. 
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5.8 
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4.6 
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9.3 
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(d)  EVENIXO  (7  p.  M.). 
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9.5 
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11.2 
6.3 
6.0 
9.5 
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7.5 
12.7 
11.6 
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THE  POSITION  OF  METEOROLOGY  AMONG  THE  SCIENCES. 

By  CHARLES  P.  VON  HERRMANN, 
MeieoroloffM,  United  StateM  Weather  Bureau^  Atlanta,  Go. 

It  is  a  very  difficult  matter  to  measure  truly  the  Importance  of  each  branch  of 
science  and  to  place  it  in^  its  proper  position  in  the  wliole  domain  of  hunnm 
knowledge.  The  interrelationship  of  the  sciences  is  so  intricate,  proj^'ess  in 
one  direction  is  so  inevitably  followed  by  progress  in  many  other  directions, 
that  it  seems  impossible  to  select  any  one  department  of  Ivuowledge  as  a  founda- 
tion upon  which  the  sciences  may  be  placed  in  something  like  natural  order. 
If,  follo\iing  John  Fiske,  we  endeavor  to  arrange  the  sciences  in  tiie  onler  in 
which  the  "  subjective  phenomena  hove  begun  to  he  manifest  In  tlie  course  of 
nniversal  evolution,*'  we  find  first  In  order,  *'  astronomical  phenomena  presented 
by  the  genesis  of  the  solar  system  from  a  rotating  mass  of  vapor  ** ;  then,  upon 
the  cooling  and  contracting  earth,  geological  and  atmospheric  phenomena,  and, 
lastly,  with  the  first  signs  of  life,  biology.  But  meteorology,  which,  according 
to  tills  point  of  view  as  well  as  from  its  immense  influence  on  life,  should  have 
been  one  of  the  earliest  developed  sciences,  has  been  almost  the  last  to  attain 
recognition  as  a  distinct  subject — a  result  due  to  the  late  discovery  of  the  In- 
struments required  for  the  exact  measurement  of  the  phenomena  observeil  and 
to  their  very  intricate  nature.  If  Auguste  Comte,  in  his  Hierarchy  of  Sciences, 
by  selecting  matliematics,  astronomy,  physics,  chemistry,  biology,  and  sociology 
as  the  six  fundamental  sciences,  unduly  simplified  the  problem,  other  well-known 
philosophers  who  have  dealt  with  it  have  involved  the  question  of  the  sulxlivision 
of  the  sciences  in  unnecessary  metaphysical  subtleties,  and  no  single  scheme  of 
dassiflcution  has  yet  received  unqualified  acceptance  among  scientists.  Tills  is 
perhaps  natural,  since  every  science  passes  through  various  stages  of  develop- 
ment, and  a  science  in  a  state  of  vigorous  growtli  though  once  fitted  in  Its 
proper  niche  may  have  subsequently  quite  outgrown  its  place;  and  while  the 
general  principles  that  control  classification  have  been  fixed,  the  exact  position 
of  some  of  the  sciences  is  still  a  matter  of  dispute.  This  is  especially  true  of 
meteorology. 

We  owe  the  most  complete  discussion  of  the  subject  that  we  possess  to  the 
older  philosophers.  Bacon,  Hegel,  and  Comte,  while  the  modem  point  of  view 
Is  presented  by  Herbert  Spencer  In  England  and  John  Flnke  in  America.  Too 
much  time  would  l>e  required  to  give  even  a  partial  sunmiary  of  the  older 
schemes  of  classification,  which  now  have  only  historical  Interest,  but  the  sources 
of  some  of  the  central  Ideas  that  are.still  of  value  may  well  be  given  here. 

Although  Francis  Bacon  (1G23)  endeavored  to  impress  upon  men*s  minds  the 
truth  that  the  foundation  of  all  knowledge  is  experience,  he  was  unable  to  free 
himself  from  the  metaphysical  trend  of  thought  In  his  day.  His  classification 
of  the  sciences  is  iMised  on  the  faculties  of  the  understanding — memory,  Iniagi- 
nation,  and  reason — with  no  distinction  bet\veen  real  phenomena  and  the  results 
of  speculative  thought.  We  are  Indebted  to  Bacon,  however,  for  the  hlea  that 
the  several  divisions  of  know1e<lge  are  not  su|)erlmposed  on  each  otlier,  but  are 
like  the  branches  of  a  tree  that  meet  in  the  stem,  thus  empimsizing  the  inter- 
rrintionslilp  of  the  sciences.  To  Auguste  Comte  (1S42)  we  are  Indebteil  for  the 
primary  distinction  l)etween  the  sciences,  **  the  one  kind  ol>stra<'t  and  general, 
having  for  their  object  the  discovery  of  the  laws  to  whicli  the  vorlous  onlers  of 
phenomena  conform  in  all  conceivable  cases;  the  other  kind  concrete,  special,, 
descriptive,  consisting  In  the  application  of  general  laws  to  the  natural  history 
of  the  various  objects  actually  existing  in  the  present  or  the  past."  Comte  also 
rigidly  excluded  all  supposed  contributions  to  knowledge  based  on  f:iith  or 
metaph^'sical  reasoning.    To  Heri}ert  Spencer   (18(M)   we  owe  probably  the 
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most  coniprGhensire  discussion  of  the  entire  question,  as  also  a  complete  tabular 
system  of  classification,  which  has  served  as  the  basis  of  all  others.  Spencer 
added  to  the  accepted  principles  of  classification  the  distinction  between  the 
.  abstract  concrete,  or  exact  physical  sciences,  and  the  concrete,  or  strictly  descrip- 
tive sciences. 

Tliree  gi'oups  are  now  generally  reognlzed :  First,  Jhe  abstract  sciences,  deal- 
ing with  the  general  relations  between  all  phenomena — that  is,  to  the  mental 
processes  by  which  we  conceive  things,  as  logic  and  mathematics,  which.  In  a 
certain  sense,  may  be  termed  the  fundamental  sciences.  Second,  the  abstract 
concrete  or  exact  sciences,  which  deal  with  the  properties  manifest  in  the  move- 
ments of  masses  or  in  the  aggregation  of  molecules,  in  which  many  of  the  laws 
are  expressed  as  brief  matliematlcal  formulae,  as  physics  or  chemistry.  Third, 
the  concrete  or  descriptive  sciences,  dealing  with  the  properties  of  definite  ag- 
gregates, as  geology,  mineralogy,  biology,  in  which  mathematics  has  no  place. 
In  his  extensive  tables  of  the  clossification  of  the  sciences  Spencer  placed  meteor- 
ology between  geology  and  mineralogy  without  specifically  mentioning  the  sub- 
ject in  the  text  of  his  essay.  Indeed,  at  the  time  Spencer  wrote  the  progress  of 
meteorology  had  not  been  sufficient  to  Justify  giving  the  subject  higher  rank. 

This  view  of  the  position  of  meteorology  has  hardly  undergone  any  change 
even  in  the  most  recent  subdivisions  proposed.  Meteorologists  have  failed  to 
proclaim  boldly  its  positive  and  independent  rank,  and,  left  to  others  who  have 
,been  profoundly  impressed  by  Its  numerous  relations  to  many  other  sciences, 
meteorology  has  been  classed  at  one  time  as  a  branch  of  physics  or  chemistry, 
at  another  as  belonging  to  geology  or  physical  geography,  or  even  as  an  essen- 
tial part  of  biological  and  human  geography.  The  subject  is  still  taught  in  the 
schools  as  a  part  of  physical  geography  or  physiography,  without  recognition 
of  the  fact  that  from  the  standpoint  of  evolution  meteorology  is  the  primary 
science,  whose  laws  are  *'  original,  not  derivative  unifonnitles,**  as  witness  the 
well-understood  facts  that  all  organic  life  Is  dependent  on  the  atmosphere  for 
Its  existence  and  that  the  configuration  of  the  earth*s  surface  is  ultimately  due 
to  the  action  of  winds  or  to  the  action  of  water,  which  could  not  exert  Its  ob- 
served effects  without  a  gaseous  envelope.  In  the  most  recent  ond  elaborate 
scheme  of  classification  given  in  Chapter  XII  of  I^of.  Karl  Pearson's  Grammar 
of  Science,  which  was  written  in  1809,  we  find  the  prevailing  view  in  regard  to 
the  position  of  meteorology  set  forth  under  the  discussion  of  the  sciences  which 
deal  with  inorganic  phenomena  in  the  following  words : 

The  first  sulMlivision  of  these  sciences  may  be  referred  to  the  distinction  we 
have  already  drawn  bet>veen  the  exact  physical  sciences  and  the  descriptive 
physical  sciences,  or,  as  we  will  term  them,  the  precise  and  the  synoptic  physical 
sciences.  Thus  we  find  that  astronomers  are  able  to  predict  the  precise  time  on 
a  given  dny  of  a  given  year  at  which  Venus  will  appear  to  an  observer  at  a 
given  position  on  the  earth's  surface  to  begin  its  transit  over  the  siin*s  disk. 
On  the  other  hand,  we  cllscover  by  every-day  experience  that  the  precllctlons  as 
to  the  weather  due  to  the  meteorological  office  and  published  In  the  daily  news- 
popers  frequently  turn  out  incorrect  or  are  only  approximately  verified.  This 
distinction  between  astronomy  and  meteorology  is  Just  the  distinction  bet>veen 
the  precise  and  the  synoptic  sciences.  In  the  one  case  we  have  not  only  a 
rntionnl  classlflcotlon  of  facts,  but  we  have  been  able  to  conceive  a  brief 
formula,  the  law  of  gravitation,  which  accurately  resumes  these  facts.  We  have 
succeeded  In  constructing,  by  the  aid  of  ideal  particles,  a  conceptual  mechanism 
which  describes  astronomical  changes.  In  the  other  case  we  may  or  may  not 
have  reached  a  perfect  classification  of  facts,  but  we  certainly  have  not  been 
oble  to  formulate  our  perceptual  experience  In  a  mechanism,  or  conceptual  mo- 
tion, which  will  enable  us  to  precisely  predict  the  future. 

Prof.  Pearson,  therefore,  places  meteorology  as  a  whole  among  the  strictly 
descriptive  sciences.  This  opinion  is  open  to  serious  criticism.  The  possibility 
or  impossibility  of  accurately  predicting  a  future  event  seeuis  to  be  a  Tery  shallow 
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distinction  to  make  between  the  exnct  and  the  descriptive  sciences.  Under  this 
eriterlon  it  might  Justly  be  claimed  that  astronomy  is  not  an  exact  science, 
because  astronomers  failed  to  indicate  precisely  what  phenomena  would  be 
observed  on  the  passage  of  the  earth  through  the  tail  of  IIa]ley*s  comet  in 
May,  1910;  or  tlmt  physics  was  not  an  exact  science  before  Van  der  Wnals's 
modification  of  Boyle's  law  became  known.  On  the  other  hand,  meteorology 
Blight  be  claimed  as  an  exact  science  because  the  United  States  Weather 
Bureau  so  successfully  predicted  the  movements  of  the  severe  subtropical  hurri- 
canes that  struck  Galveston  in  August  and  New  Orleans  in  Septemlier,  1015. 
It  Is  to  be  observed  that  in  tlie  actual  process  of  forecasting  the  weathei 
mntliematical  computation  can  have  no  place;  the  meteorologist  must  always 
depend  on  information  obtained  by  telegraph  from  which  a  synoptic  chart  or 
weather  map  is  constructed,  and,  when  one  considers,  for  example,  the  extremely 
local  nature  of  many  summer  thunderstorms  which  often  cause  precipitation 
over  only  a  small  portion  of  a  given  area,  and  the  probable  impossibility  of 
ever  predicting  exactly  upon  what  spot  of  earth  a  shower  may  fall,  it  will 
appear  that  Prof.  Pearson's  criterion  would  forever  exclude  meteorology  from 
the  rank  of  an  exact  science. 

From  the  very  nature  of  things  no  science  can  be  absolutely  accurate. 
Meteorological  phenomena  are  dependent  on  the  law  of  gravitation  precisely 
as  are  astronomical  ones,  since  all  motion  in  the  atmosphere  is  caused  by 
terrestrial  gravitation.  Atmospheric  motions,  however,  are  rendered  infinitely 
complex  by  the  effects  of  solar  radiation  or  the  influence  of  heat  on  the  very 
expansible  air  and  the  vapor  which  it  contains,  as  well  as  by  the  configuration 
and  rotation  of  the  earth,  and  the  problems  that  the  meteorologist  has  to  solve 
are  among  the  most  difficult  presented  to  us  by  nature.  Of  the  chief  Implements 
of  scientific  research— observation  or  measurement,  experiment,  and  compari- 
son— meteorology  still  has  only  the  resource  of  patient  observation.  Tlie  field 
of  investigation  is  so  large,  the  impossibility  of  controlling  the  operations  of 
nature  as  displayed  in  the  atmosphere  so  manifest,  that  laboratory  experi- 
ments which  are  such  a  wonderful  aid  In  physical  or  chemical  investigations 
are  practically  impossible.  Nor  can  it  be  said  that  any  effective  comparison 
can  be  made  between  events  In  the  atmosphere  of  the  earth  and  that  of  other 
planets.  These  facts,  however  much  they  may  have  delayed,  have  certainly  not 
rendered  Impossible  the  deduction  of  brief  mathematical  formulae  which  ac- 
curately resume  the  phenomena  of  atmospheric  motion.  A  consideration  of  the 
development  of  meteorology  during  the  past  50  years  must,  I  tlilnk,  lead  to  the 
conclusion  that  this  most  practical  branch  of  human  knowledge  has  already 
attained  the  rank  of  an  exact  science  and  that  its  position  in  the  hierarchy  of 
sciences  must  now  be  changed. 

As  we  distinguish  between  dynamic  astronomy  which  discusses  the  laws  of 
planetary  motions  under  the  control  of  universal  gravitation,  and  descriptive 
astronomy  which  treats  of  nebular  hypotheses,  the  evolution  of  planetary  sys- 
tems; or  beti;\*een  chemistry  and  mineralogy,  the  one  **  formulating  the  ab- 
stract laws  of  all  possible  combinations  of  heterogeneous  molecules,**  while  in 
the  other  only  combinations  which  are  found  realized  in  the  past  or  present 
constitution  of  the  terrestrial  globe  are  considered,  so  we  must  distinguish 
between  dynamic  meteorolgy  and  climatology.  Climatology  is  the  strictly 
descriptive  and  sul)ordinate  branch  of  the  subject,  which  Is  concerned  with  the 
average  condition  of  the  atmosphere  at  various  places,  especially  with  reference 
to  organic  life.  It  is  essentially  geographical  and  statistical.  Climatology 
without  doubt  occupies  a  place  among  the  concrete  physical  sciences  ••  not  re- 
duced to  ideal  motions,*'  the  position  heretofore  assigned  to  meteorology  as  a 
whola 


Digitized  by  VjOOQIC 


202       PROCEEDINGS  SECOND  PAK  AMEBICAK  SCIENTIFIO  C0KGBES8. 

On  the  other  hnnd,  the  subject  mntter  of  dynnmlc  meteoroloj^,  tlie  most 
impurtiint  bninch  of  tlie  science,  Incluiles  nil  that  relates  to  temperature,  pres- 
sure, and  movements  In  an  ntmospliere  of  true  gas,  easily  compressible  and 
dliatiible,  mixed  with  a  variable  quantity  of  vapor  which  is  readily  comlensed 
to  the  liquid  or  solid  state  by  such  low  temperatures  os  naturally  occur  on  the 
eortirs  surface;  in  otlier  words,  a  medium  in  which,  a  priori,  liydrodynamle 
and  thermoilynamic  laws  must  play  the  chief  r6le.  Dynnmlc  meteorology  prac> 
tically  deals  witli,  at  most,  two  substances — air  in  motion  and  aqueous  vniior 
undergoing  continual  change — and  the  problems  it  involves  require  the  applica- 
tion of  tlie  most  advanced  physics  and  the  most  difllcult  brandies  of  mathe- 
matics. Dynamic  meteorology,  tlierefore,  is  tlie  alistract-concrete  part  of  me- 
teorology in  which  **  tlie  synoptic  classilicatlon  lias  alrea<ly  largely  been  repiaced 
by  those  brief  conceptual  r^sumte  that  we  term  mathematical  formuhe  or 
la^i-s.** 

AInny  famous  men  have  devoted  their  time  to  the  elucidation  of  the  difficult 
problems  of  dynamic  meteorology.  A  summary  of  these  laws  In  the  form  of 
a  collection  of  the  most  important  mathematical  fonnulie  now  generally  ac^ 
cepted  as  applicable  to  atmospheric  itivestlgations  is  not  pnictlcable  liere,  but 
that  meteorology  In  tills  sense  has  already  attained  the  rank  of  an  in<le|iendent 
and  exact  science  a  glance  at  some  of  the  recent  memoirs  on  meteorological 
subjects  will  abundantly  prove.  For  a  blrd*s-eye  view  of  the  development  of 
dynnmlc  meteorology  as  well  ns  a  brief  summary  of  the  fundamental  equations 
employed,  reference  Is  made  to  the  recent  article  by  Prof.  Cleveland  Abbe  in 
the  Encyc]op:e<lia  Britannica. 

The  matliematlcal  development  of  meteorology  may  be  said  to  have  proceeded 
along  two  main  highways — the  one  leading  to  the  theory  of  c^'clonlc  motions 
in%*olvlng  the  ideal  movement  of  particles  of  air  considered  as  an  Incompressible 
gas;  the  other  leading  to  the  discussion  of  the  theniiodynamic  principles  in- 
volved in  tlie  condensation  of  moisture  Into  clouds  and  rain  and  the  changes 
in  temperature  consequent  upon  the  expansion  and  contraction  of  air  as  a  com- 
pressible gas.  Finally  we  are  brought  to  the  most  complex  relations  as  actually 
found  existing  In  nature  in  which  bydrodynamic  and  thermodynamic  laws  must 
be  combined. 

Prof.  William  Ferrel,  whose  fame  in  the  popular  mind  rests  chiefly  on  his 
demonstration  of  the  deflective  force  of  the  eartirs  rotation  on  winds,  pub- 
lished between  18o3  and  18G1  a  series  of  essays  on  the  motions  of  solids  and 
fluids  relative  to  the  earth's  surface  In  which  observed  meteorological  condi- 
tions were  for  the  first  time  coordinated  with  the  fundnmentnl  Inwn  of  mechan- 
ics. Passing  by  the  Important  work  of  Guhlberg  and  Mohn  (187G-1SS0)  and 
of  Oberbec'k  (1SS2).  we  have  the  Iniproveil  mnthemntlcnl  analysis  introduced  by 
Dr.  F.  Pockels  In  1S03,  In  which  equntlons  are  deduced  showing  the  continuous 
changes  of  temperature,  pressure,  and  winds  from  the  center  of  the  O'clone  to 
the  outer  eilge  of  the  anticyclone,  the  theoretical  results  agreeing  fairly  %\-ell 
with  the  observed  conditions.  Work  In  this  direction  has  been  brilliantly  car- 
rleil  on  by  KItno,  Mnrgiiles,  BJerknos.  and  BIgelow. 

Tlie  first  step  In  the  application  of  thernio<Iynninlcs  to  meteorology  was  taken 
by  Espy  In  1822,  with  the  discovery  of  the  cooling  of  ascending  air  currents 
due  to  the  work  done  by  expansion  against  ntmospherlc  pressure  antl  the  conse- 
quent condensation  of  vapor  to  form  clouds  ami  preclpitntlon.  This  principle 
was  given  great  precision  by  Kelvin  In  18G4,  and  was  Introduced  Into  German 
meteorology  by  Ilann  In  1874.  Here  belong  the  memoirs  by  Ilertz  containing 
the  now  familiar  diagram  of  adinbatlcs  for  the  atmosphere,  which  have  lieen 
Improvetl  by  Neuhoflf,  and  furnlsli  means  by  which  the  problems  In  the  forma- 
tion of  cloud,  rain,  snow,  and  hail  may  be  easily  solved.    Prof,  von  Bezold  luis 
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sfanpllfiecl  the  problem  of  mixtures  of  air  and  vapor  by  an  ingeneous  graphical 
construction,  wliile  Brlllonin  has  given  a  brilliant  analytical  stuily  of  cloud 
fommtioiis  resulting  from  tlie  pressure  of  one  air  current  against  another. 
Host  of  these  important  memoirs  will  be  found  in  the  collection  of  translations 
bj  Abbe  under  the  title,  **  Meclinnlcs  of  the  Earth's  Atmosphere,**  1801  and  19ia 

Finally,  among  the  most  profound  memoirs,  may  be  mentioned  the  thermo- 
dyminiic  study  by  Mnrgules,  Ueber  die  Energle  der  Stflrme  (1005).  a  Treatise 
on  Pynamic  Bfeteorology  and  Uydrology  by  BJerknes  and  Samlstrom  (1003)» 
and  the  recent  contribution  to  the  EncylslopoNlle  der  matbematisciie  WlsseiK 
•dmften.  Dynamic  Meteorology,  by  Esner  and  Trabert 

This  hasty  and  necessarily  very  incomplete  review  of  the  mathematical  liter* 
atnre  of  meteorology  should  not  be  closed  without  reference  to  the  brilliant 
work  of  IH'of.  Fnmk  IL  Bigelow,  formerly  with  the  Weattier  Bureau,  now  with 
the  Argentine  Uepublic,  which  Prof.  Abl>e  has  diaracterlsed  as  unquestionably 
sound.  Vrot.  Bigelow  in  his  unique  treatise  on  the  hydrodynamics  and  thermo» 
dynamics  of  terrestrial  meteorology  contained  in  tlie  Weather  Bureau  report 
on  international  cloud  ol)servations,  in  his  recent  studies  continued  in  the  bulle- 
tins of  the  Argentine  meteorological  service,  and  in  his  recent  text,  **  Circulatioo 
and  radiation  in  the  atmosphere  of  some  of  the  earth  and  of  the  sun,**  has 
certainly  nearly  attained  the  solution  of  the  most  difficult  problems  of 
meteonilogy. 

Prof.  Karl  Pearson  has  very  correctly  remarked  that  **  in  the  interrelationship 
of  the  sciences  and  their  continual  growth  lies  the  fact  of  the  empirical  and 
tentati%'e  character  of  all  schemes  of  classification.**  Nevertlieless,  it  is  Inter- 
esting as  well  as  Instructive  to  have  occasionally  presented  to  us  an  orderly 
arrangement  of  universal  knowledge,  and  the  following  scheme  of  classification 
of  tlie  sciences  is  in  general  based  on  Prof.  Pearson's  tables. 

THX  CLASSIFICATIOlf  OF  THE  SCIENCES. 

(A)  Abstract  sciences,  dealing  with  relations  or  modes  of  discrimination  that 

are  qualitative  and  quantitative: 

1,  Ix)gic 

2.  Mathematics. 

(B)  AUitract-concrete  sciences — Inorganic  phenomena  reduced  to  ideal  motions 

and  dealing  with  properties  that  ore  manifest — 
In  the  movements  of  masses — 
8.  Blechanics. 

4.  Dynamic  astronomy. 

5.  Dynamic  meteorology. 

In  the  movements  of  molecules  and  in  the  aggregation  of  molecules  that  are 
homogeneous— 

6.  Physics. 

In  the  aggregation  of  molecules  that  are  heterogeneous — 

7.  Chemistry. 

(C)  Concrete  sciences,  inorganic,  not  reduced  to  ideal  motions  and  dealing  witb 

agcre^rates  ns  exemplified — 
In  celestial  ixxlies — 

8.  Astronomy. 
In  the  earth — 

9.  Geology. 

10.  Clinintology. 

11.  Mineralogy. 

12.  Physiography,  etc, 

(D)  Concrete  sciences,  organic  phenomena : 
Dealing  with  aggregates  as  exemplified— 
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In  living  orgnnlsms — 

13.  Biology  of  plants  and  animals. 

14.  Botany. 

15.  Zooloigr. 

Relating  to  functions  and  actions^ 
IG.  iXvcliology. 
17.  Sociology, 
la  I^gycliics. 

19.  Plo'siology. 
Growth  and  reproduction^ 

20.  Embryology,  etc. 
Form  and  structure— 

21.  Blorpliology,  anatomy^  eCe» 

Dealing  with  historical phssca  ■  ..   .  > 

Evolution. 
Social  institutions. 

22.  ArcliflH>logy,  folklore^  eCe. 
Mental  faculties. 

23.  Uistories  of  phUosopliy,  sdcncei^  Uteratnrsb  art  ate. 
Physique. 

24.  Anthropology. 
General. 

23.  Evolution. 
Dealing  with  space  relations^ 
Geographical  distribution. 

2G.  Clioroiogy. 
Habits. 

27.  Ecology. 

(1)  The  Grammar  of  Sciences.    By  Prof.  Karl  Peorson,  second  edition,  1900. 

(2)  Outlines  of  Cosmic  Pliilosophy.  By  John  Fiske.  1S74.  Volume  I,  Chap- 
ter VIII :  Organization  of  the  Sciences. 

(3)  Recent  Discussions  in  Science,  Philosophy,  and  Morals.  By  Herbert 
Spencer.  1872.  Chapter  III.  The  Classification  of  the  Sciences;  and  eq>ecially 
Chiipter  VII,  The  Genesis  of  Science. 

(4)  The  Progress  of  Science,  as  Illustrated  by  the  Development  of  Meteor- 
ology.   By  Prof.  Cleveland  Abbe.    1900. 

(5)  Comte,  A.  A  System  of  Positive  Philosopby.  1854.  Translated  by  Con- 
greve.   Volume  IV,  chapter  IIL 

(0)  Bacon,  F.  The  Works  of  Francis  Bacon.  Translated  by  Spedding  and 
Ellis.    Volumes  IV  and  V. 

Subsection  B  of  Section  11  adjourned  to  meet  Thursday  momingi 
December  30, 1915. 
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SESSION  OF  SUBSECTION  B  OF  SECTION  IL 

Carxegie  Ixstitdtion, 
Thursday  morning^  December  SOj  1915. 
Chairman,  Charles  F.  Marvin. 
The  meeting  was  called  to  order  at  9.30  o^clock  by  the  chairman. 
Tlie  Chaibman.  The  first  paper  on  the  program  this  morning 
irill  be  on  **  Tlie  Climate  of  Salt  Lake  City,"  by  A.  H.  Thiessen,  of  the 
United  States  Weather  Bureau,  Salt  Lake  City. 

THE  WEATHER  AND  CLIMATE  OF  SALT  LAKE  CITT,  UTAH. 

Bj  ALFRED  H.  THIESSEN, 
Uetecroloffist,  United  States  Weather  Bureau,  Portland,  Oreg, 

In  the  eastern  portion  of  the  Great  Basin  lies  Utah  and  Great  Salt  Lakes, 
the  fonner  being  a  fresh  body  of  water  and  the  latter,  as  Its  name  Indiaites, 
salt  The  Jordan  River  Is  the  ontlet  of  Utah  Lake,  flowing  In  a  due  north 
direction  to  Great  Salt  Lake,  which  has  no  outlet  In  the  northern  part  of 
the  Jordan  River  Valley,  more  commonly  known  as  the  Salt  I^ke  Valley,  Is 
located  Salt  Lake  City,  Utah.  This  valley  Is  28  miles  long  and  15  miles  wide. 
The  Wasatch  Mountains  form  the  eastern  rim  of  the  valley  and  rise  to  ele* 
vations  varying  from  8,000  to  10,000  feet  These  mountains  curve  west%vard 
to  the  lake,  ond  In  this  curve,  sloping  to  the  west  and  south,  lies  Salt  I^ke 
City.  Tlie  Oqulrrh  Blountalns  lie  to  tlie  west  but  do  not  extend  so  far  north 
as  the  Wasatch,  and  thus  the  view  to  tlie  west  and  to  the  lake  is  unobstructed. 
The  western  and  lower  part  of  the  city  lies  In  the  flat,  while  Its  northern  and 
eastern  portions  cover  tlie  bendies,  which  are  the  old  beaclies  of  Lake  Bonne- 
Tille;  and  are  about  200  feet  above  the  lower  portion.  In  figure  1  tlie  lines  com* 
posed  of  short  and  long  dashes  are  divides,  and  Indicate  the  limits  of  the 
Jordan  River  watershed.  The  numerous  creeks  flowing  westward  from  the 
Wasatch  Blountalns  comprise  the  water  supply  to  the  city.  The  mountains 
to  the  north  and  east  extend  nearly  to  the  city  limits,  while  to  the  west  the  land 
Is  level  to  the  lake,  12  miles  away,  and  to  the  south  as  far  as  the  Narrows,  15 
miles  away. 

Salt  Lake  City  Is  situated  on  about  the  same  parallel  as  Cheyenne,  Wyo.; 
Omaha,  Kebr.;  Teorla,  111.;  Pittsburgh,  Pa.;  and  New  York,  In  this  country, 
and  Barcelona,  Spain;  Rome,  Italy;  and  Constantinople,  Turkey,  in  Europe. 
It  varies  In  elevation  from  4,200  to  4,500  feet 

The  climates  of  the  world  are  classified  as  continental,  marine,  and  monntaln. 
Salt  Lake  City,  from  Its  position  inland  and  elevation,  has  characteristics  of 
the  continental  and  mountain  Xyven. 

The  Weatlier  Bureau  record  at  Salt  Lake  City  dates  back  to  1875.  Records 
were  made  by  private  persons  previous  to  that  date,  but  doubt  exists  as  to  their 
accuracy. 

In  the  following  will  be  given  not  merely  averages,  but  emphasis  will  be 
placed  on  extremes  and  variations  from  the  normal,  so  that  one  may  gain  an 
adequate  Idea  of  the  weather  conditions  likely  to  be  experienced  by  a  residence 
In  the  city  throughout  the  year: 

The  mean  annual  temperature  is  51.7*,  the  average  having  varied  from  48.5* 
to  54^*.  The  graphical  representation  of  this  climatic  factor  Is  shown  In 
figure  2,  cur^-e  C.  The  highest  temperature  ever  recorded  was  102*  in  July, 
1880,  and  the  lowest  was  —20*  In  January,  1883.    In  figure  2  are  also  shown 
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cnrres  givlnj?  the  highest  nnd  lowest  for  each  jonr  nnd  the  yenrly  nvernge  of 
the  dnily  lii;:hest  anO  lowest  It  is  seen  that  the  average  hl;;hest  and  lowest 
temiieratures  do  not  vary  much  from  their  means,  whereas  there  may  be  con- 
siderubie  variation  from  year  to  year  of  the  extreme  highest  and  extreme 


Fio.  L 

lowest  In  the  period  1875-1014  the  maximnra  temperatures  varied  from  03* 
to  102',  making  a  range  of  0*;  the  mlnhnum  temiieratures  varleil  fnun  10* 
to  —20*,  ui.ikhig  a  range  of  30*.  During  the  41  years'  n»cunl  there  were  only 
6  years  wlien  the  maximum  temperatures  rose  above  100*  and  only  14  whea 
tlie  luininmm  fell  below  0*. 

Tlie  wannest  year  was  1910,  when  the  average  temperature  was  54.3*,  or 
an  accumuhited  departure  of  040**.    In  that  year  the  average  temperatures 
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of  all  months  were  above  normal  except  January  and  February.  In  spite  ot 
tlie  persistently  hot  weather  the  highest  temperature  for  the  year  was  only  94*. 
The  coldest  year  was  1880.  the  temperature  averaging  48.5*,  or  an  accumo* 
Intetl  deficiency  of  1,1G8*'.  Tlie  average  of  all  months  except  the  last  was 
below  normal ;  and  In  tliis  case  the  extreme  lowest  was  moderate,  being  only  2*. 
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Fio.  ?.— Cnrvt  A  indicatet  tho  bigheit  tompcntnn  each  ymr  for  period  1875-1915;  B,  average  of  dally 
maximain  temperatures  for  each  year;  C,  average  annual  temperature;  D,  average  of  daily  minl> 
mum  temperature  for  eecb  year;  and  E,  the  lowest  temperature  eaeh  year.  The  broken  lines 
at  A,  B,  and  C  indicate  averages  for  the  period. 

The  average  temperature  for  the  seasons  are  as  follows:  Winter,  8L6*; 
fpring,  49.7* ;  summer,  72.3* ;  and  fall,  52.5*. 

The  dally  march  of  temperature  through  the  year  is  shown  In  figure  3. 
Tliese  curves  show  characteristics  similar  to  those  for  other  places,  and  ex> 
bibit  graphically  the  greater  range  between  the  highest  and  lowest  during  the 
summer  and  the  lesser  during  the  winter. 
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r*tf.3 


Fio.  S.— DftUy  mtrob  of  temperature;  A,  average  daily  mazimani  temperatura;  B,  dally  mean  tem- 
perature; C,  average  dally  tnlnlmwm  temperatu«. 


Table  1. — Monthly  and  annual 

mean  iemperature. 

Ymt 

Jan. 

Feb. 

Mir. 

Apr. 

luy. 

,00. 

Jnly. 

Aog. 

Sept 

Get 

N,.. 

Dee. 

An. 
QuaL 

1875 

80 
80 
27 
80 
28 
38 
81 
34 
24 
38 
28 
20 
83 
23 
21 
25 
20 
20 
28 
20 
80 
84 
20 
tl 
34 
36 
34 
28 
32 
20 
33 
28 
31 
31 
08 
20 
30 
34 
27 
35 

20.4 

34 
36 
34 
38 
40 
20 
38 
27 
24 
31 
37 
41 
34 
38 
30 
34 
31 
34 
28 
20 
30 
37 
31 
30 
30 
34 
35 
30 
SO 
36 
34 
34 
43 
36 
36 
32 
30 
37 
82 
34 

83.4 

35 
37 
47 
47 
41 
34 
42 
37 
47 
41 
46 
38 
47 
40 
48 
40 
38 
43 
30 
41 
41 
40 
04 
36 
41 
48 
40 
38 
42 
41 
44 
40 
44 
41 
41 
50 
44 
40 
38 
45 

4L6 

40 
50 
40 
40 
53 
47 
54 
47 
46 
48 
54 
48 
40 
M 
65 
50 
50 
47 
46 
48 
51 
46 
40 
54 
51 
40 
50 
50 
48 
50 
53 
40 
51 
52 
46 

§ 

47 
51 
53 

40.0 

00 
57 
56 
56 

58 
51 
00 
57 
57 
58 
57 
62 
61 
50 
50 
61 
60 
55 
55 
61 
58 
51 
63 
54 
53 
61 
OS 
50 
55 
57 
51 
56 
56 
53 
53 
60 
57 
56 
61 
63 

57.6 

68 
60 
65 
68 
66 
66 
71 
67 
70 
60 
65 
60 
60 
68 
70 
65 
63 
66 
67 
64 
64 
70 
66 
67 
65 
74 
65 
60 
70 
66 
68 
63 
•0 
61 
70 
.71 
68 
60 
68 
65 

67.0 

74 
76 
77 
77 
77 
74 
76 
75 
76 
74 
76 
78 
75 
77 
78 
78 
73 
76 
75 
75 
73 
74 
71 
76 
76 
75 
80 
73 
74 
74 
77 
76 
75 

S 

78 
74 
74 
74 
75 

75l4 

75 
72 
76 
78 
75 
73 
74 
77 
77 
78 
74 
76 
73 
75 
77 
73 
74 
75 
73 
75 
75 
74 
75 
77 
71 
74 
76 
75 
77 
74 
76 
75 
71 
71 
76 
75 
75 
73 
76 
76 

74.6 

68 
66 
64 
61 
68 
64 
60 
65 
70 
00 
65 
63 
66 
71 
61 
65 
65 
70 
63 
61 
64 
64 
66 
66 
67 
63 
63 
64 
62 
66 
65 
64 
63 
63 
63 
68 
65 
» 
64 
64 

64.4 

58 
55 

53 
40 
52 
52 
51 
48 
46 
53 
55 
52 
52 
54 
54 
40 
54 
68 
52 
53 
54 
54 
51 
48 
40 
53 
56 
55 
53 
53 
48 
58 
57 
48 
54 
54 
50 
50 
50 
56 

52.2 

42 
41 
41 
44 
86 
M 
34 
36 
30 
42 
44 
31 
43 
42 
30 
41 
44 
42 
30 
41 
38 
37 
43 
37 
46 
45 
46 
41 
42 
44 
42 
30 

^ 

44 
47 
37 
43 
44 
43 

4ao 

SO 
37 
32 
80 
20 
35 

32 
35 
34 
36 
20 
86 
41 
36 
20 
28 
36 
31 
26 
36 
27 
25 
20 
35 
S3 
34 
SO 
S3 
26 
38 
35 
SO 
14 
35 
28 
31 
31 
20 

3L0 

O 

I'iTfl 

§2 

1877 

a 

1878 

§2 

1879 

n 

1880 

48 

1881 

a 

1883 

# 

18S3 

01 

1884 

51 

1885 

a 

1886 

a 

1887 

03 

1888 

OS 

1880 

OS 

1800 

il 

ISOl 

51 

■1802 

01 

1803 

10 

1804 

81 

1805 

00 

1800 

a 

1807 

00 

1808 

00 

1800 

01 

loon 

04 

1001 

OS 

1003 

a 

1003 

00 

lOiM 

a 

1005 

a 

1000 

51 

1007 

52 

1008 

01 

1000 

a 

1010 

M 

1011 

51 

1013 

51 

1913 

51 

1014 

OS 

Mi^ 

5L7 

Hlghait  and  lowest  temperatures  in  bold-fioe  type. 


Digitized  by  VjOOQIC 


ASTBOKOKY,  MEIEOBOLOGY,  AlH)  SEISHOLOGT.  209 

Tablb  1. — Mdniiig  and  ammd  imean  tomperoltire— Continnad. 
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In  T^ible  1  is  glren  the  aTerase  temperature  for  esch  month  and  year  stnoa 
1875,  with  tlie  Dormals.  January  ia,  as  a  rale,  the  coldest  montti,  with  a 
mean  of  20.4*,  altliou^  tlie  lowest  monthly  average  Is  credited  to  February, 
1903,  wtien  the  temperature  averaged  20*,  which  is  13.4*  below  the  February 
normal  and  0.4*  below  the  January  normaL  The  normal  for  February  is 
83.4*,  or  normally  4*  warmer  than  January,  but  In  41  years  the  average  for 
February  was  nine  times  below  tlie  January  normal  and  seven  times  below  the 
January  average  for  the  same  years. 

December's  normal  is  31.0*,  or  only  2J5l^  above  the  January  normaL  Since 
1875  there  were  11  yean  wtien  the  December  average  was  below  the  January 
normal,  and  11  yeara  when  the  December  average  was  below  the  average  for 
the  succeeding  January. 

It  Is  thus  seen  that  there  Is  a  greater  chance  for  December  to  be  colder 
than  the  succeeding  January  or  its  normal  than  ttiere  is  for  February  tx> 
differ  trtnn  January  in  the  same  way. 

The  hottest  month  is  July,  whose  normal  temperature  Is  75.4*.  The  July 
mean  temperature  varied  from  TLO*  in  1807  to  80.2*  in  1001— a  range  of  8.3*. 
August  is,  on  the  average,  only  08*  cooler  tlian  July,  and  since  1875  there  were 
14  yean  in  which  the  average  for  August  was  greater  tlian  the  July  normal,  but 
there  were  17  yeare  in  which  the  August  average  excee<1ed  the  average  for  the 
previous  July.  No  June  average  has  ever  equaled  a  succeeding  July  average  or 
a  July  normaL 

The  month  with  the  greatest  plus  departure  was  January,  1000,  when  the 
.  average  for  that  month  was  38.2*,  or  0.4*  above  normaL  The  highest  tempera* 
tare  in  that  month  was  only  50*,  which  is  4*  below  the  highest  January  tem- 
perature on  record.  February,  1003,  was  the  coldest  month  on  record,  taken 
as  a  whole:  Its  average  was  20*,  which  represents  the  greatest  monthly 
deficiency,  13.4*.  The  lowest  that  month  was  only  —4*,  which  Is  0*  above 
the  lowest  February  and  IC*  higher  than  the  lowest  January  temperature. 
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Figure  4  presents  some  Interesting  facts  regnrcllng  temperature  characteris- 
tic of  the  various  months.  The  highest  and  lowest  temperatures  ever  recorded 
In  the  several  months  of  the  jear  are  shown  hy  curves  A  and  B.  Curve  O 
«hows  the  extreme  monthly  range  In  temperature,  while  curve  D  shows  the 


3ar\       l^b      f^kar      Apr       M<i>|      Tufv     J'ul        hu^      S9^       Qet       »ii^        D>c 


Fio.4.— Corys  A,  extreme  highest  temperature  each  month,  1875-19U;  B,  extreme  lowest  temper»- 
tnre  each  month,  187S-19U:  C,  extreme  range,  187^1914;  D,  greatest  monthly  range;  B,  leasl 
monthly  range;  F,  grtatest  dally  range;  O,  mean  daily  range. 

jreotest  in  any  single  month  for  the  whole  period.  Considering  the  period  as 
«  whole,  the  greatest  ranges  occurred  In  winter  and  the  least  In  summer;  hut 
when  daily  ranges  are  considered  then  the  greatest  are  in  summer  and  the 
4east  in  winter. 
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Ko  adequate  Idea  of  the  temperature  changes  in  a  place  may  be  conceived 
unless  a  study  is  oiade  of  temperature  changes  of  months  differing  widely  in 
character.  In  figure  5  curves  are  shown  that  give  the  daily  mean  temperature 
for  the  coldest  and  warmest  January  on  record,  and  like  plats  are  given  for 
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fM.  6.— Showing  the  oontnit  betwMo  the  innnMt  and  ooldMt  montltf  urtaig  the  period  1876- 
m4,  the  opiMT  Une  repreeeotlng  the  warmett  month  and  the  lower  the  coldest  month.  The 
hroken  Uneihows  the  normal  dally  tempeiatare. 

the  succeeding  months  of  the  year.  A  careful  consideration  of  these  curves, 
together  with  those  giving  traces  for  selected  characteristic  days,  will  aid  one 
to  a  true  conc^tion  of  the  temperature  conditions  likely  to  he  experienced  lo 
Salt  Lake  City. 
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The  average  date  of  the  beginning  of  the  growing  season  is  March  15  and 
the  end  is  November  5.  The  latest  spring  frost  on  record  is  June  18,  1896, 
and  the  earliest  fall  frost  was  In  the  same  year,  on  S^tember  22,  th&re  being 
only  96  days  to  the  growing  season.  The  average  date  of  last  killing  frost  in 
spring,  however,  is  April  21,  and  the  earliest  in  fall  is  October  19,  making  an 
average  of  about  182  days  to  the  frostless  season. 


MAR         AP« 


Fio.  6.— Thennoisopleths  for  Salt  Lake  City,  Utah,  for  the  period  1876-1914.    (*F.;  106th 

meridian  time.) 

Figure  6  shows  the  thermoisopleths  for  the  city,  for  the  period  1875-1914, 
in  Fahrenheit  degrees.  The  time  used  was  one  hundred  and  fifth  meridian. 
The  temperatures  for  a  normal  day  in  any  part  of  the  year  are  easily  discerned 
from  this  figure.  While  this  is  a  considerable  aid  in  obtaining  an  idea  of  the 
variation  in  temperature  throughout  the  days  of  the  year,  it  is  by  no  means 
sufflcent.    One  must  know  how  temperatures  vary  in  abnormal  or  representa- 
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tiye  days  as  well.  A  study  of  the  carves  shown  in  figures  6a  to  Oe,  together 
with  those  in  figure  5»  will  give  a  good  conception  of  the  temperature  conditions 
in  Salt  Lake  Oty. 


|\  \  \  \  -  N  \  \  \  \  \ '  j 


Fio.  «c. 


Fio.  6e. 


In  figure  6a  thermograph  traces  are  shown  for  relatively  cool  and  cloudy  July 
days,  while  figure  6b  shows  traces  for  warm  and  comparatively  dear  July  days. 
On  nearly  all  dear  summer  days  the  thermograph  pen  lingers  for  three  to  five 
hours  near  the  maximum  temperature  as  exhibited  in  figure  6b. 

Figure  6e  is  a  thermograph  trace  for  an  average  January  day ;  figure  6d  is 
a  cloudy  winter  day ;  while  figure  6c  shows  traces  for  2  relatively  cold  winter 
days. 

Table  2. 


stations. 


A.  Highest  tempera- 

tare  1874-1915... 

B.  Lowest  tempera- 

tnre  1874-1915... 

C.  Extreme     range 

1874-1915 

D.  Greatest] 

range  in 
a  single 
month.., 
£.  L  e  a  s  t 
range  In 
a  single 
month . . 

F.  Greatest 

range 

G.  Mean  daily  range. 
Greatest  mean  dally 

variability 

Least  mean  dally 
variabUity 

ATerage  dally  vari- 
abUity  


temp, 
year.. 


temp., 
jrear... 

'daily 


Jan.    Feb. 


60  68 

-20  -13 

80  81 

70  66 

1883  1884 


34         29 
1891     1885 


29        31 
15.0  :  15.0 


6.0 
2.7 
4.1 


6.0 
2.4 
4.1 


Mar. ;  Apr. 


77  !      85 

0        18 

77  ,      67 

64  '      60 
1890  i  1875 


34 
1884 
1914 

36 
18.1 

6.1 

2.5 

4.3 


34 
1914 


40 
20.2 

6.5 

3.7 

5.2 


May.  June. 


25 


62 

1887 


44 

1890 


39 
21.8 

7.1 

3.3 

4.8 


101 
32 


63 

1898 


37 
1903 


July. 

102 
43 
59 


Aug.  Sept.  I  Oct. 


101 
44 
57 


53  ,  55 
1891  I  1892 
1902  I 

I 

36;  37 
1906  I  1913 
1908 


43  I      41 
24.1     25.1 


6.1 
2.5 
4.5 


4.8 
2.0 
3.3 


44 
24.3 

4.2 

2.0 

2.9 


61 
1805 


42 
1892 


45 
23.9 

5.5 

2.9 


Nov. 


74 


Dec. 


An- 
nual. 


22 

-2 

66 

76 

58 
1906 

67 
1896 

37 
1882 

35 
1889 
1899 

89 
20.9 

36 
17.7 

5.6 

5.9 

2.1 

2.0 

3.8 

4.0 

61 
-10 

71 

62 
1879 


31 
1903 


33 
14.3 

6.3 

2.5 

3.8 


102 


-122 


20.2 


4.1 
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^16       PBOOBEDINGS  8E00KD  PAN  AMEBIOAK  80IBNTIFIC  C0KGBB8B. 

Tablb  4. — Number  of  days  with  mamimum  temperature  92  degrees  or  below,  and 
90  degrees  or  above;  dUo  with  minimum  temperature  S2  degrees  or  below,  and 
zero  or  below. 


IffaTJifiTiin , 

Mliilinmn. 

Year. 

82«or 
below. 

90*  or 
abore. 

83«or 
below. 

Zerocr 
below. 

1874 ' 

1875 

.? 

19 
15 
25 
83 
13 
40 
28 
22 
19 
19 
16 
19 
31 
21 
18 
19 

26 
8 
29 
.     35 
19 
7 
10 
24 
28 
20 
25 
34 
11 
18 
37 
31 
30 
15 
39 
19 

33 
19 
37 
37 

^13 
33 
24 
24 
16 
25 
36 
33 
33 
45 
33 
36 
33 
20 
24 
26 
22 
20 
40 
21 
28 
85 
32 
30 
15 
32 
21 
12 
20 
24 
37 
16 
16 

114 
111 
93 

86 

80 
139 
101 
117 
103 

87 

00 
114 
107 

96 

87 
116 
113 
105 
130 
106 
130 
115 
131 
134 
106 

79 
100 

97 
130 
115 
103 
107 

85 
130 
103 

85 
106 
110 
115 

91 

1876 

1877 

1878 

1879 

1880 

1881 

1883 :....: : :;.. 

1888 

1884 

1885 

1886 

1887 

1888 

1889 

1800 

1891 

1892 

1898 

1894 

1896 

1886 

1807 

1898 

1899 

1900 

1901 : 

1902 

1903 

1004 

1905 

1906 

1907 

1908 

1909 *. 

1910 

1911 

1912 

1913 

1914 
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Year. 

Last  In 
fpring. 

Ftntm 
ftOl. 

Orowtng 

nonbef 
ofdaya. 

1874 

Oet  SO 
Nov.   5 
Oet.  81 
Oet.  29 
Oet  16 
Oet  18 
Oet  10 
Oet.  15 
Nov.   6 
Nov.   6 
Nov.   8 
Oet  18 
Oet  12 
Oet.  18 
Oet.  22 
Oet.  29 
Oet     4 
Oet     8 
Oct  18 
Sept  23 
Sept  29 
Sept  22 
Oet.  29 
Oet.  14 
Oet.     1 
Oet  24 
Oet.     7 
Nov.   8 
Nov.    2 
Oet.  80 
Oet  18 
Oet.  10 
OH.  20 
Nov.    1 

Oct.  28 
Oet  21 
Sept  25 
Oet.     9 
Nov.  15 

1878 

Apr.  id 
Apr.  18 
Apr.  22 
Apr.  14 

1^'  15 
Apr.  18 
Apr.  24 
Apr.  10 
Mar.  22 
May  24 
Mar.  SO 
Apr.  21 
Apr.    5 
Apr.  19 
Apr.    8 
Apr.    9 
Apr.  28 
May  27 
Apr.  18 
Jime  18 
May  15 

May    8 

Apr.  14 
Apr.    4 
Apr.  10 
Apr.  18 
Apr.    8 
Apr.    1 
Apr.    5 
Apr.  80 
May  10 
May    1 
Apr.  15 

209 

1978 

201 

1877 

190 

1878 

186 

1879..... 

192 

M80..... 

148 

1881 

186 

1888 

196 

1888 

210 

1884 

836 

1885 '. 

141 

1888..^ I '. 

196 

1887 

180 

1888 

201 

1889 

198 

1800 

179 

1881 

177 

1802 

168 

1801 : ; 

119 

1894 

169 

1886 

96 

1896 

167 

1897 

175 

1898 

150 

1889 

174 

1900 

177 

1901 , 

214 

1802 

206 

1003 ^ 

1904 

200 

188 

1905 

199 

1806 

198 

1907 

186 

1906 

140 

1909 

188 

1910 

196 

1911 

164 

1012 

145 

1918 

l5 

1914 

2S6 

1815 
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In  Table  2  are  given  values  for  greatest,  least,  and  average  dally  variability* 
The  greatest  daily  variability  occur  in  April  and  May,  and  the  least  in  August. 
The  greatest  mean  daily  variability  for  any  month  is  7.1*  for  May;  tlie  leut 
l8  2*  in  July,  August,  and  November. 


Li ..  ,ii 


m 


I..I 


i.„ 


vnn  nr 


Mmimiiimiiimmmmimimii 


Fio.  7.— Showinff  uami  ftiMOntt  oC  pndpitatlQO  for  {Mriod,  1875-1914. 

There  are,  on  the  average,  89  rainy  days  in  Salt  Lake  City.  The  Bormal 
annual  precipitation  is  16.24  inches.  Table  6  gives  the  monthly  and  annual 
amounts  for  each  year  from  1875  to  1914,  while  figure  7  shows  the  yearly 
amounts,  the  dotted  line  in  that  figure  being  the  normal,  and  figure  10  tba 
normal  monthly  amounts. 


Table  6.- 

-MontMp  and  annually  preoipitaUon, 

Ymt. 

Jm. 

Feb. 

lUr. 

Apr. 

May. 

3.91 
4.30 
3.49 
3.60 
.10 
L86 

*.S 

.96 

L78 

3.49 

.06 

.73 

.84 

3.97 

.16 

.72 

L65 

L68 

L32 

2.29 

3.67 

.08 

4.19 

3.69 

.44 

4.37 

.33 

3.66 

3.08 

3.74 

3.17 

3.87 

i.76 

3.34 

.47 

L84 

L76 

.67 

.80 

3.01 

Jane. 

aoo 

.00 
.80 
.36 
L84 
.01 
.28 

^S 

.83 
3.67 
L03 
.37 
.98 
.01 
.83 
L08 

^.S 
L38 
.99 
.26 
.62 
L46 
.96 
.08 
.49 
.87 
.74 
.37 
.33 
L49 
L49 
L«l 
.17 
.17 
.46 
.00 
8J7 
168 

.87 

Jnly. 

LOl 
.83 
.03 

LOO 
.07 
.30 
.81 
.30 
.10 
.37 
.68 
T. 

L33 
.94 
.08 
.02 
.47 
T. 

L19 
.82 
.42 

L61 
.89 
.18 
.42 
.82 
.31 
.66 
.14 
.69 
.62 
.83 
.19 
.36 
.76 
.63 
.02 

1.61 
.66 

L90 

.49 

Aug. 

a36 
.03 
.38 
.81 
.06 
.74 
L61 
L61 
.62 
.73 
.00 
.69 
.09 
.63 
.93 
.79 
.46 
.06 
.71 
.87 
.08 
L47 
.83 
L36 
LOO 
.73 
L33 
.16 
.48 
.38 
.68 
f.fi8 
LOO 
L89 
L74 
.88 
.06 
.70 
.47 
.34 

.77 

Sept 

Gel. 

Nof?. 

Dm. 

^ 

1876 

3.06 
L33 

.87 
L07 
L87 

.29 
LM 
1.60 
L47 

.71 
1.48 
1.91 
3.38 
L62 

.78 

•:?J 

L81 
.83 
1.31 
L33 
L3e 
1.16 
.68 
.84 
.44 
.96 
.80 
3.11 
1.46 
.66 
L19 
1.76 
.83 
170 
.09 
L24 
.74 
.81 
8.06 

L84 

a79 
1.63 

.88 
3.49 

.71 
1.03 
3.44 

.43 

.73 
3.33 
L60 
L86 
1.41 
L23 

.81 
3.06 

.76 

.68 
L64 

.83 

.86 

.89 
8.81 

.88 
3.98 
L30 
1.77 
1.17 

.83 
3.36 
1.23 
1.96 
3.46 
L34 
L89 
LOO 
LM 
L33 
L67 

.96 

L47 

1 
3.81     L60 

L88 
.43 
.00 
8.16 
.01 
.66 
.43 
.87 
.13 
LOl 
L39 
L88 
.65 
.61 
.63 
T. 
L19 
.18 
L30 
187 
.96 
.62 
.48 
.16 
T. 
JL44 
.66 
.06 
.84 
.12 
107 
L49 
.10 
172 
L66 
.74 
L83 
.97 
.03 
.17 

.92 

LS6 

3.37 

141 

L39 

L62 

.40 

119 

189 

134 

.36 

.69 

L98 

.30 

.80 

8.85 

L44 

L26 

L68 

L02 

LOl 

.84 

.70 

LOl 

L67 

186 

L99 

.98 

.62 

.81 

L18 

.84 

.89 

L16 

107 

L13 

164 

L66 

197 

L31 

161 

L61 

6.81 

.81 
L08 

.68 

.82 
L17 
L44 

.64 
L7S 

.60 
3.10 
L79 

.36 
100 
L04 

T. 

.90 

.73 
L18 

.88 
144 

lis 

L19 
L96 
L63 
L40 

.92 
L34 
131 

.00 

.73 
110 

.60 
LOl 
L46 

.99 
L48 
L70 
L21 

.37 

L84 

103 
L80 
Lll 

.11 
108 
L99 
L94 

.93 
L30 
113 

.92 
L37 
L66 
Ifl 
4J7 

.48 
119 
185 
137 
L28 

.89 

.84 
L47 
LS8 

.61 

.16 
L16 
L81 

.61 

.89 

.83 
106 
181 

.48 
LOO 
L16 
L14 

.98 

':S 

L87 

88.04 

1878 

4.00 
3.93 
3.64 

.87 

.43 

.88 
L13 
L76 
8.69 

.61 
3.80 

.86 
3.18 
L64 
L13 
4.88 
3.31 
3.68 
L73 

.81 
LOO 
3.20 
L71 
3.03 

.88 
3.48 
L32 
L36 
3.99 
2.62 
2.84 
2L36 
L79 
2.86 
L68 
2.04 
3.48 
2.60 
L34 

2.07 

2.09 
2.14 
2.63 
3.26 
2.37 
2.87 
3.81 
2.92 
2.89 
8.47 
4.48 
L87 

.99 
L62 

.94 
L49 
L90 
2.72 
L67 

.78 
2.63 
2.00 

•:S 

2.91 
.87 
3.89 
Lll 
2.20 
L70 
3.06 
L46 
80 
LOO 
.60 
L66 
2.34 
L96 
2.84 

2.06 

2La8 

187T 

10.85 

1878 

1175 

1878 

U.U 

1888 

ia8« 

1881 

10.88 

1888 

15.98 

1888 

14.84 

1884 

17.68 

1885 

19.69 

1888 

1&89 

1887 

1L88 

1888 

1188 

1889 

18.48 

1890 

1080 

1891 

1108 

1892 

14.08 

1893 

17.85 

1894 

1117 

1896 

1L85 

1898 

1148 

1897 

1174 

1898 

^•^K 

1899 

17.g 

1909 

*^2 

1901 

1108 

190S 

11- 11 

1903 

14.88 

1994 

1181 

1906 

i^S 

iJS.;;;;:::;.::;:.:. 

8L2B 

1807 

l^S 

i908:i;:.:;:::;:;::;; 

8185 

1009 

l&S 

1919 

l^S 

1911 

11  u 

1912 

10.  H 

1913 

1160 

1914 .^ 

Mftn 

1160 
1101 

Oieeteit  and  least  preolpltation  In  bold-&ioe  type. 
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Pndpttation. 

Wind. 

Itaite. 

34-hoiir 

maxi- 

pioin. 

Y«ur. 

Data. 

ICaxi- 

Dimxi 

valocity. 

Direo- 
tion. 

Yaar. 

Data. 

7MnvT 

a84 

L82 
L17 
L40 
L63 

aoo 

Lll 
L04 
L84 
LOS 
L26 
L38 

1014 
1881 
1874 
1882 
1006 
1886 
1012 
1806 
1888 
1011 
1875 
1888 

20 
4 

80 

6 

25-20 

5 

10-20 

20-30 

1-2 

0-10 

18 

14-15 

00 
00 
00 
00 
50 
54 
50 
04 
44 
52 
00 
SO 

n. 
n. 
nw. 

8W. 

w. 

nw. 

e. 

w. 

e. 

ne. 

nw. 

nw. 

1011 
1000 
1000 

11S93 
1800 
1001 
1000 
1007 

11800 
1000 
1000 
1001 

10 

jSSnSrj 

0 

itoS!7::;::::;:;:::;::::;;:;; 

m 

Aprfl 

0 

1I&.;" :;        ?: 

20 

jS:;;;;;::;;;::::;:  :  :  : 

0 

July '..  ..".. 

10 

aSwi:                 : 

t 

S^Sfcir:.; 

m 

^S!v;:::;:;:::: : : : : : 

■ 

NovttntMT 

n 

DtemtMr 

so 

>AlM  Own  tba  Bortli  on  tba  2d»  mo. 


I  Alio  from  tba  northwatt  on  the  15th,  1014. 


4.' 

la 

5 


lllll-.-    ■■■ 


Yaar  *h«n  l«Mt  nonthly  anount  ma 
raoordad,  0.00  inoh  Bot.  .  1004. 
Alaa  a  aomal  yaar.  10.91  inahaa. 


Manthly  Iraaipitatioiu 

Kitiaat  jaar,  UVO,  aaount  23. <M  laohaa. 

Alao  yaar  vlian  craataat  aonthly  aaeont 
vaa  raoerdad^.Ol  Inehaa  in  Horaoibar. 


dt^,f§  llaaa  Uonthlr  PraoipitatioB,  187 &•  10X4. 


MaatbXj  fri^f itaUon. 

Dviaat  yaav.  IMO.  aMoat  10.29  inOhaa. 
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The  wettest  year  was  1875,  when  28.04  inches  occurred.  The  monthly 
amounts  for  that  year  are  shown  in  figure  9.  Novemher  of  that  year  is  noted 
as  the  wettest  month  on  record,  5.81  inches.  The  driest  year  was  1800,  graphi- 
cally presented  in  figure  11,  two  months,  Septeml>er  and  November,  having  only 
traces.  Year  1904  was  a  normal  year  as  regards  total  amount,  but  November 
of  that  year  no  moisture  at  all  occurred  (see  figure  8). 

April  is  normally  the  wettest  month  (2.08  inches),  but  March  and  Hay  have 
nearly  as  much  precipitation.  The  wettest  month  on  record  is  November,  1875, 
as  cited  above.  The  driest  month  normally  is  July— 0.49  inches.  All  the  sum- 
mer months  have  normals  less  than  1  inch. 

Table  7  gives  the  greatest  amount  of  precipitation  in  24  hours  for  every  month 
since  1875.  The  largest  24-hour  amount  was  2.72  inches  in  May,  1901.  No 
excessive  rainfall  ever  occurred  in  this  city.  The  heaviest  rain  in  one  hour  was 
0.91  inch  on  July  19, 1912;  the  second  largest  was  0.56  inch  on  September  1, 1908. 


Table  7. — Oreatesi  precipitation  in  24  hours. 

Yew. 

Jan. 

Feb. 

ICtt. 

Apr. 

Itoy. 

June. 

July. 

Aug. 

Sept. 

Oct. 

N«T. 

Deo. 

An- 
mnL 

1874.. 

L17 

.67 
.77 

a25 
.41 
.60 

L86 

a27 
.30 
.00 

a68 
.84 
.86 

a80 
.11 

.66 

ai2 

.78 
.86 

a70 
.87 
.85 

a87 
L66 
.31 

.78 

L17 

1875 

'otii' 

.40 

.47 

1.68 

ign 

L86 

1877 

.27 

.20 

.87 

.70 

LIO 

.70 

.02 

.16 

.46 

.05 

.23 

.48 

LIO 

1878 

.85 

.78 

.05 

.76 

.46 

.28 

.46 

.83 

L80 

.04 

.25 

.03 

LOO 

187» 

.48 

.27 

.41 

L18 

.06 

.66 

.07 

.05 

.01 

.48 

.13 

.63 

L18 

1880 

.11 

.21 

.00 

.66 

.80 

.01 

.10 

.60 

.27 

.86 

.46 

.60 

.80 

1881 

.10 
.45 

1.82 
.12 

.87 
.25 

.80 
L40 

L17 
.12 

.12 
.82 

.12 
.10 

.68 
.46 

.81 
.32 

.83 
.74 

.43 
.23 

.43 
.28 

L32 

1882 

L40 

1883 

.42 

.87 

.85 

.76 

.77 

.20 

.05 

.86 

.11 

.60 

.68 

.51 

.85 

1884 

.35 
.45 

.82 
.86 

L12 
.40 

.46 
1.01 

.66 

L02 

.18 

XOO 

.15 
.68 

.80 
.80 

.80 
.63 

.18 
.61 

.46 
.06 

.80 
.82 

L12 

1885 

XOO 

1886 

.87 

.87 

.85 

L3S 

.06 

.00 

T. 

.81 

L84 

LOl 

.78 

.47 

L84 

1887 

.61 

.46 

.18 

.51 

.83 

.22 

.70 

.84 

.88 

.80 

.25 

.58 

.76 

188B 

.52 

.38 

.61 

.52 

.00 

.61 

.11 

.82 

.46 

.23 

.02 

L88 

L88 

18» 

.25 

.51 

.60 

.40 

L16 

.01 

.04 

.64 

.25 

.08 

.28 

.82 

L16 

1800 .^.... 

.50 

.60 

.42 

.40 

.06 

.80 

.02 

.68 

T. 

.68 

T. 

.22 

.60 

1801 

.87 

.28 

.84 

.44 

.86 

.83 

.34 

.16 

.63 

.64 

.48 

.42 

.84 

1802 

.45 

.21 

.60 

.45 

.84 

.48 

T. 

.08 

.06 

.44 

.68 

.70 

.TO 

1808 

.48 

.27 

.73 

.82 

.80 

.04 

.77 

.84 

.80 

.37 

.62 

.87 

.87 

1804 

.83 

.20 

.74 

.68 

.00 

.85 

.60 

.86 

L04 

.46 

.28 

.48 

L04 

1805 

.20 

.24 

.82 

.44 

.04 

.70 

.10 

.08 

.76 

.10 

.54 

.10 

.04 

1805 

.84 

.24 

.84 

1.05 

L86 

.23 

.68 

.66 

.25 

.82 

LOS 

.20 

L86 

1807 

.32 

1.01 
.20 

.55 
.46 

.00 
.71 

.48 
.80 

.38 
.00 

.60 
.12 

.22 

L04 

.34 
.13 

.68 
.74 

.40 
.66 

.68 
.60 

LOl 

1808 

.17 

L04 

1800 

.48 

.81 

.61 

.48 

.72 

.68 

.27 

.80 

T. 

.82 

.64 

.24 

.80 

1000 

.10 

.20 

.82 

.88 

.86 

.07 

.25 

.62 

'L27 

.83 

.68 

.16 

L27 

1001 

.46 

.86 

.80 

.40 

2L72 

.40 

.27 

.61 

.66 

.43 

.40 

.85 

2L72 

1002 

.80 

.54 

.40 

Lll 

.14 

.24 

.45 

.12 

.03 

.18 

.60 

.70 

LU 

1008 

.58 

.68 

.60 

.60 

L46 

.53 

.14 

.22 

.48 

.51 

.08 

.22 

L46 

1004 

.55 

.17 

.78 
.67 

.03 

.88 

L14 
.64 

LOO 
L42 

.22 
.16 

.83 
.61 

.10 
.82 

.00 
L40 

.72 

.14 

".'io' 

.38 
.18 

L14 

1005 

L40 

1005 

.64 

.60 

.76 

.00 

LOl 

.87 

.11 

.72 

.77 

.31 

.64 

.87 

LOl 

1007 

.86 

.02 

.00 

.40 

L68 

.88 

.16 

.55 

.07 

.62 

.28 

.78 

L68 

1008 

.22 

.55 

.82 

.48 

L58 

.66 

.22- 

.60 

L70 

.84 

LOO 

.84 

L70 

1000 

.53 

.78 

.78 

.41 

.70 

.12 

.41 

.76 

.43 

.60 

.68 

.60 

.70 

1010 

.24 

.21 

.71 

.67 

.15 

.16 

.20 

.18 

.48 

L14 

.78 

.80 

L14 

1011 

.66 

.66 

.78 

.71 

.81 

.14 

.02 

.04 

Lll 

LOS 

.68 

.80 

Lll 

1012 

.22 

.60 

.80 

.63 

LOO 

.64 

Lll 

.28 

.44 

.72 

.43 

.80 

Lll 

1013 

.20 

.60 

.77 

LOO 

.47 

.88 

.17 

.21 

.86 

.64 

.88 

.63 

LOO 

1014 

.84 

.87 

.74 

.01 

.85 

.81 

.44 

.22 

.00 

.08 

.22 

.18 

.08 

The  average  yearly  snowfall  is  50.6  inches,  most  of  which  occurs  from  Decem- 
ber to  March,  inclusive.  The  largest  yearly  amount  was  79.8  inches  in  1918, 
the  least  was  26.4  inches  in  1914.  The  largest  monthly  amount  was  90.8  inches 
in  January,  1890.  ^ 

There  have  been  many  severe  droughts  recorded  in  this  city.  Since  1875  there 
were  60  periods  of  80  days  or  more  when  0.10  inch  or  less  of  precipitation 
occurred.  The  longest  period  was  88  days,  from  July  1  to  September  21, 1911, 
during  which  time  only  0.08  inch  of  moisture  fell.  In  1900  there  were  four  sudi 
periods— from  March  6  to  April  5,  81  days,  0.08  inch ;  May  7  to  June  8,  88  daya^ 
0.10  inch;  May  18  to  July  2,  51  days,  0.06  inch;  and  July  4  to  August  8,  81 
days,  0.06  inch. 
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Tabim9. 

—DnmghU,  Salt  Lake  City,  Utah,  60  dayt  w  mare  with  0.t6  ineh  or 

/<S8t. 

Year. 

Prom- 

To- 

No. 
days. 

Amt. 

Front- 

To- 

No. 
days. 

Ami. 

Total 

Depar- 
tore. 

1877 

June    8 
June  14 
May  27 
June  15 
June  14 
May  18 
June    4 
June  16 
July  12 
Aug.    5 
July     6 
June  17 
June  16 
June    3 

Aug.  17 
Oct.     4 
Aug.  16 
Aug.  29 
Aug.  17 
Aug.  14 
Aug.  10 
Sept.  30 
Sept.  17 
Oct.   10 
...do.... 
Aug.  19 
Sept.  21 
Aug.  31 

71 
113 
82 
75 
65 
89 
68 
107 
68 
67 
97 
64 
98 
91 

0.19 
.25 
.21 
.26 
.24 
.12 
.01 
.20 
.23 
.24 
.21 
.25 
.25 
.16 

16.35 
13.11 
10.91 
14.24 
18.89 
18.46 
10.33 
14.06 
11.95 
17.67 
11.41 
14.62 
15.13 

+0.W 
—2.98 

1879 

1880 

—5.16 

1883 

—1.79 

1886 

+2.86 

1889 

+2.43 

1890 

Oct.    16 

Deo.l9 

66 

0.22 

—5.70 

1892 

—2.01 

1805 

—4  08 

1899 

+1.54 

1902 

-4.68 

1903 

— L41 

19U 

—  .90 

1915 

Again,  defining  a  droughty  period  as  60  days  or  more  witli  0.25  incli  or  lest 
of  precipitation,  we  find,  since  1875, 15  such  periods,  the  longest  being  118  days 
from  June  24  to  October  4,  when  Just  0.25  inch  was  recorded.  In  1890,  the 
driest  year  on  record,  there  were  two  such  periods — June  4  to  August  10,  68 
days,  0.04  inch ;  and  October  15  to  December  19,  66  days,  0.22  inch.  Of  those 
15  years  having  droughty  sp^ls  we  find  that,  in  spite  of  the  droughts,  four  of 
them  had  total  yearly  amounts  above  normal 

Table  10. 


stations. 


Jan. 


Feb. 


Mar. 


Apr. 


May, 


June. 


July, 


Aug, 


Sept 


Oct. 


Nov, 


Doe. 


As- 

nuaL 


ATerage 


itage 


ATsrace    1 
sunshine. 


hours    of 


Average  number  of 
dear  days 

Ayeraee  number  of 
partly  cloudy  days 

Averaee  number  of 
cloudy  days 

Average  number  of 
rainy  days  (.01 
inch  or  over} 

Average  number  of 
rainy  days  (.04 
or  over) 

Average  number  of 
rainy  days  (.25 
inch  or  more) 

Average  number  of 
days  with  snow 
(.01  inch  or  more 
melted) 

Average  number  of 
days  with  fog 

Average  number  of 
days  with  hail 

Average  number  of 
days  with  thunder- 
storms.  

Prevailing  wind  di- 
rection  

Average  hourly  ve- 
locity  

Maximum  velocity 
of  wind  and  direo- 
tton 


Average  amount  of 
snowfUl 

•reatest  snowfall  in 
24  hours,  inches 
and  tenths. 

•reatest  depth  of 
enow  ever  on 
ground 

Average  relative  hu- 
midity at  0  a.  m... 

Average  relative  hu- 
BidityatOp.  m... 


43 

112 

0 

0 

13 

10 

7 

2 

7 

1 
0 

0 
SB. 
0.5 

/eo- 

\N. 
10.0 

6.9 

0.5 
70 
72 


47 

120 

7 

0 

12 

10 

7 

2 

8 

0 
0 

0 
SB. 
7.3 

00- 

N. 

10.2 

10.6 

U.0 
72 
64 


62 
121 
10 
10 
U 

10 

8 

.  8 

7 
0 
0 

1 

SB. 
0.0 


9.6 

9.6 

8.0 
00 

61 


02 
212 
10 
11 
9 

9 

8 

8 

3 
0 
0 

1 

NW. 

9.7 


60- WO-N. 

NW.  8a-w. 


2.4 

6.0 

2.0 
68 
39 


64 

236 

11 

12 

8 

8 
6 
8 

1 

0 

1 

2 

NW. 
9.2 

50- 
W. 

0.6 

4.1 

3.2 
68 

36 


76 

280 

16 

10 

4 

6 
3 

1 

0 
0 
0 

3 
SB. 
8.9 

64- 
NW. 

T. 


83 
206 

18 
10 
3 

4 

2 

1 

0 
0 
0 

3 

SB. 
8.3 

6<^ 
B. 


73 
261 
16 
11 
4 

6 

4 
1 

0 
0 
0 

4 
SB. 
8.0 

64- 
W. 

0 


76 

232 

18 

8 

4 

4 
3 

1 

0 
0 
0 

2 

SB. 
8.4 

44- 

B. 

T. 

0.2 

T. 
50 
32 


69 
107 
16 

8 
7 

7 

5 

2 

1 
0 
0 

1 
SB. 
7.4 

52- 

NB. 

0.0 

0.3 

4.0 
60 
47 


68 

142 
13 
8 
0 


6 
2 

3 
0 
0 

0 
SB. 
6.0 


66- 

NW. 

6.0 


14.0 

16.2 
67 
60 


43 

104 
0 
0 
U 

10 

7 

2 

T 
I 

0 

• 
SB. 
0.1 

51 
NW. 

10.2 
6.0 
8.6 

n 

78 


62 
2,446 
164 
116 
97 

89 

66 

23 

37 
2 

1 

17 
SB. 
8.0 

06- 

NW.' 

50.6 

14.0 

16.2 
62 
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In  Table  10  are  given  data  pertaining  to  many  miscellaneons  phenomena. 
A  study  of  this  table  discloses  the  fact  that  the  summer  montlis  have  the 
greatest  number  of  clear  days,  and  the  winter  months  the  lesser.  July,  on  the 
average,  has  twice  as  many  clear  days  as  December  or  January.  There  is  also 
much  more  sunshine  in  summer  than  fn  winter ;  it  varies  from  43  per  cent,  or 
104  hours,  in  December  to  83  per  cent,  or  208  hours,  in  July  (see  figure  12). 
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Fio.  12.— Liiw  A-B  indicates  the  time  of  mmrJie,  and  C-D  that  of  annaet. 
indicate  the  peroentage  of  ayenge  sunshine. 


Lines  E-F  and  G-H 


The  preyailing  wind  direction  is  front  the  southeast,  but  the  greater  veloci- 
ties occur  with  a  northwest  wind.  The  average  hourly  velocity  is  8  miles. 
April  has  the  greatest  hourly  velocity,  taking  the  month  as  a  whole,  and  De- 
cember the  least  The  highest  maximum  velocity,  that  is  for  a  5-minute  period, 
is  66  miles  from  the  northwest  in  November. 

The  average  relative  humidity  at  6  a.  m.  is  62  per  cent,  and  at  6  p.  m.  is 
47  per  cent  The  greatest  relative  humidities  are  recorded  in  January  and 
December,  but  very  rarely  is  100  per  cent  observed.  The  driest  month  is  July, 
and  frequently  amounts  from  5  per  cent  to  10  per  cent  are  measured. 

The  barometric  pressure  averages  25.64  inches.  The  monthly  means  vary 
fh>m  25.46  to  25.85  inches.  The  greatest  monthly  ranges  occur  in  winter  and 
the  least  in  summer. 


Table  11. — Station  barometric 

pressure. 

1875-1911 

Jan. 

Feb. 

l£ar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dee. 

An- 
nual. 

Mean  1875-1011 

Highest      monthly 

mean,187WW4.... 

Lowest 

26.68 

25.72 

25.55 

L26 

.61 

25.65 

25.75 

25.51 

1.17 

.71 

26.50 

25.68 

25.47 

LIO 

.60 

25.58 

25.60 

25.47 

1.08 

.50 

25.66 

25.62 

25.46 

.85 

.41 

26.67 

25.67 

26.61 

.78 

.30 

25.61 

25.72 
26.64 

25.68 

25.60 
26.65 

25.64 

25.00 

25.64 

.88 

.86 
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In  the  final  analysis  one  must  live  in  a  place  to  be  really  able  to  sense  the 
good  and  poor  qualities  of  its  climate.  In  Salt  Lake  City  the  sensible  tem- 
perature is  on  the  whole  pleasant  when  one  considers  the  effect  of  a  year's 
experience.  The  summer  temperatures  are  high  in  the  afternoons  as  a  rule, 
but  with  small  relative  humidities  are  quite  bearable.  Sunstrokes  rarely,  if 
ever,  occur,  and  the  ranges  of  temperature  in  this  season,  as  the  figures  and 
tables  show,  indicate  agreeably  cool  nights.  Maximum  temperatures  of  90* 
or  over  occur  on  only  25  days  of  the  year.  The  fall  is  a  specially  delis^tful 
season,  with  generally  cool  nights  and  warm  days.  In  winter  the  temperatures 
are  seldom  excessively  low  for  long  periods.  There  are,  on  the  average,  only 
22  days  per  year  when  the  maximum  temperature  stays  below  32*.  The  mini- 
mum temperatures  fall  below  32*  on  106  days  in  the  year,  and  below  zero  1  day. 
As  a  rule  the  afternoon  temperatures  are  above  the  freezing  point  There  are, 
of  course,  times  during  the  winter  when  snow  lies  on  the  ground,  but  these 
periods  are  seldom  long  enough  to  warrant  sleighing.  The  high  humidity  and 
relatively  high  frequency  of  smoke  and  fog  during  this  season  are  the  most 
disagreeable  climatic  factors.  Spring  weather  is  the  most  variable  of  any 
season,  and  the  last  date  of  killing  frost  may  occur  at  any  time  from  April  1 
to  May  15. 

Mr.  Fassig.  Mr.  Chairman,  just  one  word  in  referencce  to  the 
equability  of  the  climate  of  Salt  Lake  City.  I  had  supposed  all 
along  that  the  climate  there  was  more  of  the  continental  type.  It  is 
certainly  interesting  to  me  to  find  the  climate  which  Mr.  Thiessen 
describes. 

Mr.  Thiessen.  At  the  time  I  was  requested  to  present  the  paper,  I 
was  preparing  and  am  still  working  on  a  study  of  the  climate  of  Salt 
Lake  City.  The  secretary  of  this  subsection,  Mr.  Talman,  has  sug- 
gested that  I  might  add  that  to  the  paper  before  it  is  printed.  The 
equability  of  the  climate  of  Salt  Lake  City  to  which  Dr.  Fassig  re- 
fers is  due  in  great  measure  to  the  fact  that  Salt  Lake  City  does  not 
lie  in  the  path  of  the  storms,  although  the  average  path  of  the  storms, 
as  shown  by  the  Weather  Bureau  charts,  passes  directly  through  Salt 
Lake  City ;  but  as  a  matter  of  fact  very  few  of  the  storms  pass  di- 
rectly over  it.  Another  great  factor  is  its  sheltered  position  in  the 
mountains,  the  mountains  covering  two  sides,  the  north  and  the  east; 
and  the  climatic  condition  there  is  also  due  to  the  distribution  of 
barometric  pressure,  which  I  hope  to  bring  out  in  the  material  which 
I  am  preparing. 

Mr.  Wells.  I  should  like  to  ask  Mr.  Thiessen  a  question.  Perhaps 
he  stated  it  in  his  paper,  but  I  did  not  imderstand.  From  what  di- 
rection do  the  warmest  winds  come  at  Salt  Lake  City  ? 

Mr.  Thiessen.  From  the  southeast. 

Mr.  Wells.  Is  the  warmth  of  those  winds  due  to  the  fact  that  they 
are  southerly  winds,  or  is  there  a  dynamic  effect  of  the  winds? 

Mr*  Thiessen.  It  does  not  seem  to  be  a  dynamic  effect.  Most 
of  the  people  at  Salt  Lake  City  believe  that  the  west  winds  from  the 
lake  are  the  warm  winds,  but  the  facts  contained  in  the  data  that  we 
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have  do  not  show  that.  The  southeast  wmds  are  the  winds  that  are 
the  warmest. 

Mr.  Wells.  The  reason  I  speak  of  this  is  because  Boise,  where  I 
am  stationed,  has  a  climate  very  similar  to  that  of  Salt  Lake  City. 
We  are  somewhat  farther  north  and  at  a  lower  elevation.  The  aver- 
age mean  temperature  is  about  the  same.  We  attribute  the  mildness 
of  our  winters  quite  largely  to  the  eflPect  of  the  warm  winds  that 
come  from  the  mountains,  and  our  warmest  wind  is  the  northeast 
wind. 

The  Chairmak.  The  authors  of  the  first  and  second  papers  on 
to-day's  program  have  not  yet  registered.  I  will  announce  that 
these  two  papers  will  be  considered  as  read  by  title  and  will  be 
printed  in  the  proceedings.  The  first  is  a  paper  on  "  The  frequency, 
amount,  and  characteristics  of  rainfall  and  hailstorms  at  Villa 
Colon,  Montevideo,  from  1884  to  1914,"  by  Senor  Don  Luis  Morandi, 
director  del  Instituto  Nacional  Fisico-Climatol6gico,  Montevideo, 
Uruguay.  The  second  paper  is  on  "  The  River  Plata,"  by  Senor  Don 
Hamlet  Bazzano,  director  del  Instituto  Meteorol6gico  Nacional, 
Montevideo,  Uruguay. 


FRENCUENCIA,  CANTIDAD  Y  MODALIDADES  DE  LA  LLUVIA  Y 
DEL  6RANIZ0  EN  VILLA  C0L6N  (MONTEVIDEO),  EN  EL 
PERfODO  1884-1914. 

Por  LUIS  MORANDI, 
Director  del  Instituto  Nacional  Fisico-Climatoldgico  del  Uruguay, 

EL  0B8ERVAT0RI0  DEL  COLBGIO  PlO. 

El  Observatorio  Meteorol6gico,  aoexo  al  Oolegio  Pfo  que  los  RR.  PP.  Salesia* 
DOS  fandaroo  y  regentean  en  VUla  G0I60  (Montevideo)  desde  el  afio  1876,  fa^ 
proyectado  por  Monsefior  Luis  Lasagna  de  ilustre  memoria,  director  del  Oolegio 
durante  muchos  afios,  de  acuerdo  con  el  notable  meteorologista  itallano,  P. 
Francisco  Denza  e  Inaugurado  en  1888. 

Se  halla  Instalado  en  una  alta  torre  de  tres  pisos,  que  desde  sus  veintitres 
metros  de  altura,  domina  los  edifldos  del  Oolegio  y  las  arboledas  de  los  alrede- 
dores. 

Su  poBlci6n  geogr&flca,  determinada  por  Enrique  Legrand,  y  tal  como  flgura 
en  los  Anuarios  del  Bureau  des  Logitudes,  es :  Latitud  84*  47'  54"  sur ;  Longitud 
0'  2'  87"  W.  Catedral  de  Montevideo. 

Desde  la  fecha  mendonada  m&s  arriba,  en  condldones  y  con  procedimientos 
uniformes  que  los  Anales  del  Observatorio  detaUan,  se  reallzan  en  61  observa- 
dones  dlrectas  de  los  prindpales  elementos  dimatol6gico8  y  auto-gr&ficas  de 
algunofl. 

De  entre  el  predoso  acopio  de  dates  atesorados  por  treinta  y  dos  afios  inin- 
termmpidos  de  observadones,  escogimos  los  relatives  a  la  Uuvia  y  al  granizo 
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para  la  Memoria  que  destinamos  al  Oongreso  Cientffico  Panamerlcano,  Yitaf 
donos  en  la  obligaci6n  de  descartar  el  primer  alio  (1883)  por  dlstintaa  raaonte 
que  no  yleoe  al  case  mendonar. 

Bl  Pluyidmetro,  colocado  desde  on  prlndplo  en  la  parte  miUi  elerada  de  la 
torre,  a  tinos  dos  metroa  aobre  la  axotea,  oompletamente  llbre  de  toda  Inflnenda 
local,  tiene  un  dlAmetro  de  m.  0.71.  Forma  parte  del  Anemoget6grafo  Densa 
que  regfstra  autonULtlcamente — a  la  par  que  la  dlrecddn  y  la  veloddad  dd 
▼lento — la  intensidad  y  la  duraddn  de  la  lluvla.  El  agoa,  empero,  slempre 
ae  ha  medldo  directamente  apenas  cesada  la  llnvia  o  en  la  hora  Inmedlata  de 
obsenraddn  reglamentarla,  ntillzando  las  Indlcadones  del  anemoget6grafo  para 
hacer  con  mayor  exactitnd  bu  dlatribnddn  Interhoraria. 

PBOP68IT08  T  CBTIEBIO. 

Para  esta  Memoria  se  prescindid  por  complete  de  trabajoa  y  pnbllcadones 
anterlores,  fand&ndola  directamente  aobre  lOB  reglstros  orlglnalea. 

En  coanto  a  la  lluvia,  se  considerd  tanto  o  mAs  dtil  que  el  conodmlento  de 
lOB  totales  mensuales  y  anuales  del  agua  cafda,  un  eBtudlo  detallado  de  su  dia- 
tribucidn  por  cantidades  absolutas  en  forma  tal  que  resulte  f&dl  el  darae  cuenta 
de  c6mo  se  Invierte  el  coploso  caudal  pluTlom^trlco  anual ;  qu6  interralos  aepa- 
ran  las  predpitaciones  de  derta  conslderaddn ;  si  el  pais  ofrece  o  no  ispocsiB 
daramente  deflnidas  de  pobreza  o  de  excesos  udom^trlcos;  si  son  o  no  fre- 
cuentes  los  perfodus  de  dfas  seguldos  con  lluvlas  de  conalderaddn  o  sin  lluvla 
apredable;  cu&les  son  sus  grandes  coefidentes  o  rerords  en  dlstlntaa  unldades 
de  tlempo,  slendo  de  sentlr  que  la  manera  de  ser  Uevadas  las  observadones 
no  permita  hacerlo  para  las  breves  duradones  en  grandes  aguaceros. 

Por  lo  que  atafie  al  granlzo,  nos  ocupamos  en  primer  tannine  de  su  frecnenda 
anual  y  estadonaL  Nos  paredd  Interesante  fljar  conduslones  numdrlcas  al 
respecto  para  poder  corrdadonar  este  temlble  fen6meno  con  las  foses  vegeta- 
tlyas,  dando  una  base  menos  Inderta  a  los  cftlculos  del  seguro.  En  euanto  al 
tamafio,  la  tradlddn  del  Observatorlo  debidamente  consultada  y  el  espiritu  que 
fluye  de  la  redacddn  de  los  apuntes  dlarlos,  muestran  a  todas  luces  que  st: 
deben  conslderar  como  cases  sin  Importanda  por  todos  conceptos,  (tamafio, 
duraddn,  cantldad)  los  mendonados  sin  comentarlos.  El  autor  de  estas  notas 
qulso,  sin  embargo,  controlar  el  hecho  (sobre  todo  para  los  tUtlmos  qulnquenios) 
asegur&ndose  de  si  flguraban  como  importantes  en  los  R^^lstros  del  Observa- 
torlo algunas  granizadas  que  habian  revestido  este  car&cter  y  de  las  que  habia 
tenldo  conodmlento  de  haberse  produddo  en  Villa  Gol6n  por  fuentes  ajenas  al 
Observatorlo.    El  resultado  conflrm6  el  crlterlo  mencionado  miUi  arrlba. 

Para  fines  pr&ctlcos  y  tendendas  te6rlcas,  se  consider^ : 

I.  La  clrcunstancla  de  presentarse  o  no  d  granlzo  acompafiado  de  lluvla, 
por  ser  blen  sabldo  y  muy  tenldo  en  cuenta  en  las  estadfstlcas  del  seguro,  que 
los  perjuiclos  dd  mlsmo  dlsmlnuyen  conslderablemente  cuando  cae  mesdado 
con  predpitaciones  abundantes. 

n.  La  de  estar  o  no  acompafiado  de  manlfestadones  el^ctricas,  entendi^ndose 
con  derta  amplitud  de  tlempo  la  slmultaneidad  de  los  dos  fendmenos. 

III.  La  dlrecddn  dd  vlento  en  d  memento  de  la  cafda  dd  granlzo,  para 
ponernos  en  condidones  de  sefialar  a  los  interesados  una  orientaddn  eportnna 
en  dertos  cultlvos  (sobre  todo  en  frutales  y  vifiedos)  para  una  defensa  miUi 
eficaz  contra  los  efectos  del  granlzo. 

Los  comentarlos  son  breves:  el  objeto  de  la  Memoria  es  miUi  bien  d  de 
suministrar  elementos  de  aplicaci6n  mereoedores,  en  nuestro  conoepto,  de  toda 
confianza  y  fitlles  por  el  largo  perfodo  que  abarcan  (81  afios)  j  la  unlformldad 
de  prooedlmlentos  empleados  en  la  observaddn,  que  d  de  entrar,  sobre  la  base  de 
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los  mismos  y  como  lo  fovoreceria  el  tenia,  a  diacusiooes  de  carftcter  te6rioo  y  a 
estudios  de  comparacidn  con  zonas  cUmat^icas  slmilares  o  inmedlatas  a  la 
nneetra. 

BESULTAD08  BKLATIV08  A  LA  IXUVIA  T  AL  QKANIZO. 

I.  Normal  y  extremos  pluviom^triooB.—lSi  total  medio  de  llnvla  para  el 
periodo  1884-1914  es  de  m/m  990.6  que  tiene  por  Ifmltee  en  el  maximum  (alio 
1914)  m/m  1995.8  y  en  el  minimum  (alio  1892)  m/m  444.8. 


/ 


/ 


Obaenratorto  Met«>roMgioo  del  Cotegio  Pio  da  VIU»  Col6n-MonteTld6o»  UragoAy. 

Bs  notable  dentro  del  perfodo  la  sequla  persistente  del  trienio  1891,  1892  y 
1893,  desastrosa  para  la  ganaderia  y  la  agricultura,  afios  en  que  el  total  anual 
apenaa  alcanzd  respectiyamente  a  m/m  687.8,  444.8  y  521.8. 

Bn  contrario  sentido  se  deataca  el  cuatrienio  1911, 1912, 1913  y  1914,  excealTo 
en  lluvia  con  valores  respectiyamente  de  m/m  1108.7,  1399.9,  1111.1,  y  1995.3. 
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Tkunbi^  estO0  excesoe,  provocando  inundadones,  favoreciendo  el  desarrollo 
de  enfermedades  y  plagas,  impidiendo  las  siembras  o  malogr&ndolas,  perjudi- 
caron  notablemente  a  nuestraa  industrias  ganadero-agrfcolaa 

DesQiifyi  de  haber  examinado  reglstros  de  observaciones  correc^ndientes  a  la 
r^6o  del  Plata,  algunas  pertenedentes  a  la  primera  mitad  del  sigto  pasado, 
otraa  a  la  segonda  mitad  del  misino  siglo,  pero  anterlores  a  las  nuestras,  hemes 
formado  la  convicci6ii  (deotro  siempre  de  la  relatividad  de  valores  en  extremo 
▼arlables)  de  que  los  extremes  indicados  pueden  considerarse  como  absolutos 
secalares  para  nuestro  dima. 

IL  Mareha  meruual  y  e^tackmal, — ^Una  preponderanda  udogrdfica  bien 
d^nlda  y  constante  a  favor  de  dertos  meses  o  estaclones  del  afio  no  resnlta 
del  conjimto  de  observadones  oonslderadas.  Ck>mo  pnede  verse  a  continuad6n, 
106  totales  medios  de  las  estadones  difieren  tan  poeo  entre  sf,  que  pueden 
considerarse  pr&cticamente  iguales : 

M/m. 

Yerano,  total  medio  de  lluvia 254.0 

Otofio,  total  medio  de  lluvia 250.1 

Invierno,  total  medio  de  lluvia 251.9 

Prlmavera,  total  medio  de  lluvia 284.6 

Bxaminando  los  totales  medios  mensuales,  aparecen  mds  favoreddos  maneo 
y  abrU,  meses  que  tienen  en  su  haber  algunas  de  las  mto  intensas  inundadones 
registradas  en  la  zona,  como  la  correspondiente  al  afio  1895  y  la  de  1900; 
pero  no  es  menos  clerto  que  a  esos  mismos  meses  correq[K>nden  tambt^  canti- 
dades  mfnimas  de  sequia,  como  por  ejemplo,  la  de  marzo  de  1887  (con  mm. 
aO)  id  de  1906  (con  6.4  mm.)  id  de  1909  y  1911  (con  mm.  14.1  y  11.0  respectiva- 
mente) ;  el  mes  de  abril  de  1892  (con  25  mm.  4)  id  de  1909  (con  17  mm.  6)  no 
mendonando  sino  las  valores  que  m&s  se  destacan  por  bajos. 

III.  E9tremo9  medios  y  ahsolutoa  meniualea.'—hoB  totales  medios  mensuales 
de  lluvia  flucttlan  entre  mm.  106  (marzo)  y  65.8  (Junio). 

Los  extremes  mensuales  absolutos  los  retiene  el  ya  mencionado  afio  1895  con 
mm.  886.8  para  el  m&ximum  (marzo)  y  agosto  de  1886  sin  lluvia  ninguna. 

La  saltuariedad  en  la  distribUd6n  de  la  lluvia  tambi^n  queda  demostrada 
por  el  hecho  de  que  todos  los  meses  del  afio  (con  excepd^n  de  didembre)* 
retuvleron  una  o  m&s  veces  d  m&xiinum  como  retuvieron  el  minimum,  a 
excepd6n  de  abril,  Julio  y  noviembre. 

.  De  cualquiera  manera,  por  lo  menos  para  Montevideo,  no  tlene  fundamento 
en  las  dfras  el  criterio  popular  tfastante  generalizado  en  todo  d  pais  que 
ofrece  d  inviemo  como  la  estad6n  dd  alio  lluviosa  por  excelenda.  Ni  lo  es 
por  su  cantidad  de  precipltadones,  ni  por  la  frecuencia  de  las  mismas,  como 
veremos  en  su  lugar  correspondiente. 

IV.  Mareha  dinma, — Sin  posibilidad  de  entrar  al  estudio  detallado  del 
fen6meno  bajo  el  punto  de  vista  especial  de  su  frecuencia  diuma,  podemos 
aceptar  al  respecto  las  condusiones  a  que  se  llegd  en  una  publicaci6n  de  1893 
an&loga  a  la  presente:  en  todas  las  estadones  hay  predominio  de  lluvia  en 
la  madrugada  y  la  mafiana,  acentuAndose  este  predominio  en  la  primavera, 
probablemente  por  el  mayor  contraste  entre  la  temperatura  del  dfa  y  el  mini- 
mum de  la  madrugada. 

Bn  el  transcurso  de  los  81  afios  seis  veces  solamente  flguran  como  m&ximoi 
en  las  24  horas,  valores  superiores  a  los  100  mm.  y  son  los  siguientes  por 
orden  de  importanda: 


Digitized  by  VjOOQIC 


282       PBOOEEDINGS  SECOND  PAK  AMEBICAK  SCIEKTIFIC  OONaBBSS. 
Mayor  oantidad  de  Uuvia  en  un  dia. 


Bl  9  de  abrll  de  1897  cayeron 172, 4  en  11  horas  85  mlniitoB. 

Ba  3  de  mayo  de  1913  cayeron 147. 0  en  20  horas  10  minntos. 

Ea  5  de  abril  de  1898  cayeron 134. 9  en    9  horas    6  minutos. 

El  28  de  marzo  de  1895  cayeron 120. 0  en  12  hwas  20  minutos. 

El  29  de  abrll  de  1912  cayeron 105. 7  en  10  horas  00  minntos. 

Bl  11  de  Jonlo  de  1902  cayeron . 104. 3  en    6  horas  45  minutos. 

V.  Freouenota  de  la  Ui^iTfo.— Ck>ntrlbalr&  a  caracterizar  la  flsonomfa  de 
auestro  clima  bajo  el  punto  de  vista  que  analizamos  y  daHL  su  verdadera 
significacidn  a  los  yalores  de  la  UuTia  la  distribuci6n  de  los  dfas  con  predpl- 
taciones  medlbles  segdn  las  distfntas  cantidades  recogidas  desde  los  pooos 
d^lmos  de  milfmetro  de  efecto  no  apreclable  para  el  rlego,  hasta  los  mAs 
cuantiosos '  aguaceros.  Esta  distribuci6n  que  se  detalla  por  afios,  meses  y 
estaciones  en  las  Tablas  III  a  la  XXXIII  ofrece  en  definltlYa  los  siguientes 
resultados. 

El  t^rmino  medio  anual  de  dias  lluviosos  (UuTia  inedible)  es  de  02J  y 
fluctda  entre  un  m&ximum  de  136  (1898)  y  71  (18^). 

De  ese  total : 

El  18.1%  es  de  dfas  con  lluvia  inferior  a  1  mm. 

El  83.8%  es  de  dfas  con  lluvia  de  1  a  5  mm. 

El  25.8%  es  de  dfas  con  lluvia  de  5.1  a  15  mm. 

Bl  10.5%  es  de  dfas  con  lluvia  de  15.1  a  25  mm. 

El  5.7%  es  de  dfas  con  lluvia  de  25.1  a  85  mm. 

El  6.6%  es  de  dfas  con  lluvia  de  35.1  o  miUi. 

Lo  cual  quiere  dedr  que  unos  2/5  del  total  pluviom^trico  anual  nos  llega  por 
lluvlas  entre  5  y  25  mm.,  sefial&ndose  apenas  un  caso  por  afio  de  lluvia  por 
encima  de  los  50  mm. 

Si  buscamos  la  influencia  de  las  estaciones  en  la  intensidad  de  la  lluvia, 
teniendo  pr&cticamente  suma  importancia  el  conocer  si  hay  estaciones  que 
sean  miUi  o  menos  fovoreddas  con  derto  orden  de  predpitadones,  el  re- 
sultado  viene  aquf  tambi6n  a  confirmar  lo  dicho  anteriormente :  Todas  las 
estaciones,  dentro  de  los  Ifmites  que  impone  la  naturaleza  del  fendmeno  tan 
variable  de  suyo,  presentan  proporciones  andlogas.  V^ase  si  no  el  prospecto- 
resumen  siguiente : 

Ifi&mero  total  absolute  de  dias  con  lluvias  de  distinta  intensidad  y  su  proporcMn 
anual  y  estacional  por  dento  en  el  periodo  1884-1914: 


Dfas  oon  Uavia. 

VeniDO. 

Otofio. 

Invierno. 

Prlma- 
▼era. 

▲AO. 

D«  menos  de  1  mm; 

Total  ftbfl^uto    

Ill 
16 

250 
30 

175 
25 

65 

0 

53 
8 

131 
19 

234 
34 

161 
23 

79 
11 

39 
6 

49 
7 

139 
19 

241 
32 

199 
20 

70 
10 

55 

7 

43 
0 

135 
19 

228 
32 

201 
28 

81 
11 

31 
4 

45 
0 

510 

PmnorfikSn  f  Ttor  olento) 

18 

D6 1  mm  a  5: 

Total  atwoltito.  ,r. 

953 

ProDoreitfn  (not  ciento) 

83 

De  5.1  a  15  mm: 

Total  abaoluto 

730 

20 

De  15.1  a  25  mm: 

Total  atMolnto    

ao2 

ProDorcitfn  (dot  clonto). ........ ^,-r r ■, 

10 

De  25.1  a  35  mm: 

Total  abaolato 

105 

PrMMvottfii  (war  dento) ^.t-tt 

0 

De85.1amA8mm: 

Total  absolato 

190 

Pmnflrckfn  (nnt clonto). ,-^,.--,--,,r^^ 

7 
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VL  IfUerwOos  de  dia$  «lfi  Uuvia.—Ei  resaltado  de  la  investigaci6ii  llevada  a 
efecto  desde  el  afio  1884  hasta  1914  flgura  en  los  GuadroB  XXXIV  y  XXXV,  con 
lo8  do8  crlterios  adoptados  para  el  caso :  en  el  primer  cuadro  se  consldera  como 
Int^rvalo  sin  lluvia  todo  aqnel  que  no  ofrezca  lluvias  por  lo  menos  de  un  mll£- 
metra  En  el  segondo,  de  m/m  5.1  por  lo  menos.  GreemoB  que  para  el  estadlo 
^  lae  aequlas  en  bu  fase  pr&ctlca,  mejor  responde  el  segundo  crlterio,  no 
padlendo  <»nslderarse  eflclentes  para  las  explotaciones  ganadero-agricolas  en 
nnestro  pais,  por  razones  que  se  correladonan  con  la  configuraddn  del  terreno 
muy  ondulado,  la  naturaleza  del  suelo,  la  indole  y  forma  de  los  cultlvos,  cantl- 
dades  inferiores  a  los  dnco  mlUmetros,  sobre  todo  a  rafz  de  perfodos  de  derta 
durad6n  sin  predpltadones  y  durante  los  meses  calurosos. 

Jniervalos  tin  Uuvia  de  5.1  m/m  por  *2o  menos, — ^El  Guadro  XXXV  nos 
demuestra: 

(o)  Que  una  sola  vez  (el  alio  1883)  se  registrd  un  perfodo  de  65  dias  sin 
UuYias  que  alcanzara  a  los  cinco  milfmetros. 

(h)  Que  en  los  31  afios  suman  apenas  diez  los  perfodos  de  cuarenta  o  mAs 
dias  s^^dos  sin  que  la  lluvia  alcanzare  a  esa  cantidad,  lo  que  da  un  pcSrfodo 
eada  tres  afios  en  t^rmino  medio. 

(c)  Que  de  los  1393  dfas  de  Uuvia  superiores  a  los  5  m/m  unos  cuatro  dentos 
siguieron  a  dias  de  an&loga  intensidad. 

DIM. 

El  41  %  fueron  separados  por  intervalos  entre 1  y  5 

El  26  %  fueron  separados  por  intervalos  entre 6y  10 

El  15  %  fueron  separados  por  intervalos  entre 11  y  15 

El   8  %  fueron  separados  por  intervalos  entre 16  y  20 

El   5  %  fueron  separados  por  intervalos  entre 21y25 

El   2  %  fueron  separados  por  intervalos  entre 26  y  30 

El    1  %  fueron  separados  por  intervalos  entre 31  y  35 

"El    1  %  fueron  separados  por  intervalos  entre 36y  50 

El    1  %  fueron  separados  por  intervalos  entre (m&z.)  51y65 

IntervaloB  sin  lluvia  de  1  m/m  por  lo  menos, — ^Las  condusiones  a  que  se 
llega  con  este  crlterio,  que  reduce  notablemente  los  intervalos  mayores,  son  las 
siguientes: 

id)  Una  sola  vez  en  el  afio  (en  1895)  se  registry  un  perfodo  de  41  dfas  sin 
Uuvia  que  alcanzara  el  mUfmetro  o  sea  de  sequfa  que  bien  puede  considerarse 
.  absoluta. 

(0)  En  los  81  afios  suman  apenas  30  los  perfodos  de  dfas  s^ruidos  sin  Uuvia 
por  lo  menos  de  un  miUmetro,  lo  que  equivale  en  ttonino  medio  a  un  caso  por 
afio. 

(/)  De  los  1587  dfas  con  lluvia  superior  al  mUfmetro:  Una  mitad  prdxima- 
mente  sigue  a  dfas  de  igual  intensidad. 

El  59%  fueron  separados  por  intervalos  entre 1  y  5 

El  26%  fueron  separados  por  intervalos  entre 6  y  10 

S9  9%  fueron  sq;mrados  por  intervalos  entre 11  y  15 

El  4%  fueron  separados  por  intervalos  entre 16  y  20 

El  1%  fueron  separados  por  intervalos  entre 21  y  25 

El  1%  fueron  separados  por  intervalos  entre 26  y  41 

En  resumen :  Del  conjunto  de  observadones  se  desprende  que  en  nuestro  clima 
tienen  un  gran  predominio  las  Uuvias  de  mediana  intensidad  y  que  ellas  est&n 
distribufdas  a  lo  largo  del  afio  con  moderada  frecuenda  sin  preferendas  de 
meses  o  estadones;  en  razdn  (ttonino  medio)  de  una  cada  cuatro  dfas  si  se 
eonslderan  todos  los  dfas  de  lluvia  medible ;  una,  cada  dnco  a  seis  dfas  para  las 


Digitized  by  VjOOQIC 


234       PBOOEEDINGS  SECOND  PAN  AMEBICAN  SOIEKllFIC  CONGRESS. 

de  1  o  m&s ;  una  cada  8  a  9  dias  si  se  exduyen  las  inferiores  a  cinco  miUmetros ; 
en  fin,  una  cada  20  dfas  para  las  superiores  a  ese  ntimero. 

EL  QBANIZO. 

I.  Se  produjeron  &i  total  78  cases  durante  los  31  alios  de  observaciones  lo  que 
da  un  t^rmino  medio  de  2Ji  dias  con  granlzo  por  afio.  La  frecuencia  fluctAa 
entre  un  m&ximum  de  cinco  dUu  en  1803  y  un  minimum  de  cero  dia$  en  180Q, 
el  t&nico  alio  de  la  larga  serie  en  el  que  no  fu^  observado  el  fen6meno. 

II.  Dlstribuidos  los  cases  por  estadones,  resulta : 

El  verano  con  un  total  de  6  cases  abs.,  que  da  un  prom,  de 0. 19 

Bl  otofio  oon  un  total  de  12  cases  abs.,  que  de  un  prom,  de 0. 89 

El  invierno  con  un  total  de  85  cases  abs.,  que  da  un  prom,  de 1. 18 

La  primavera  con  un  total  de  25  cases  abs.,  que  da  un  prom,  de 0. 81 

Se  ve,  por  tanto,  que  a  m&s  de  ser  bastante  baja  la  frecuencia  general  del 
grani20,  es  minima  en  las  estadones  (^[)oca  calurosa)  en  que  el  dafio  causado 
podria  ser  grave  en  presencia  de  las  cosechas. 

III.  El  85%  de  los  cases  observados  se  verified  acompaftado  de  lluvia,  que  la 
gran  mayoria  de  los  cases  tuvo  car&cter  de  aguacero. 

IV.  El  87%  de  los  cases  anotados  se  present6  con  manifestadones  eldctricasr 
y.  En  fin,  s61o  el  28%  de  los  cases  y  en  su  mayw  parte  en  la  estacidn  fHa, 

midi6  el  granizo  un  diftmetro  que  pueda  apreciarse  en  8  nun.  o  m48. 
YI.  De  los  78  cases  se  presentaron : 

4  reinando  viento  N. 

5  reinando  viento  NW. 

14  reinando  viento  W. 
24  retnando  viento  SW. 
10  reinando  viento  S. 

1  reinando  viento  SR 

2  reinando  viento  E. 

3  reinando  viento  NE. 

15  sin  indicaci6n  de  rumbo. 

lo  cual  da  un  porcentaje  de  77%  de  granizadas,  reinando  vientos  a  menudo 
fuertes,  del  cuadrante  Oeste  predominando  en  forma  evidente  la  direcddn  d^ 
Oeste  y  Sudoeste. 


Rio  DE  LA  PLATA.— GBNBRALIDADESw—INFLUENCL4S 
METE0R0L6GICAS. 

Por  HAMLET  BAZZANO, 
Director  del  InsHtuto  MeteoroUgieo  Nacional  de  Uruguay. 

El  rfo  de  la  Plata  presenta  un  case  tipico  de  los  estuaries  abiertos,  y  las 
condidones  relativas  a  la  naturaleza  de  su  fondo,  a  sus  costas  y  a  los  movl- 
mientos  de  sus  aguas,  son  dignos  de  un  detenido  estudio. 

Su  extensidn  superfldal  excede  de  20,000  kildmetros  cuadrados,  con  una 
longitud  de  300  kildmetros,  y  un  ancbo  sumamente  variable. 

Si  se  considera  comprendida  la  desembocadura  del  Rio  entre  los  cabos  Santa 
Maria  y  San  Antonio,  la  distancia  que  media  entre  estos  dos  puntos  es  aprooci- 
madamente  de  300  kildmetros,  estrech&ndose  hasta  alcansar  la  de  1,800  metres 
a  la  altura  de  punta  €k>rda. 
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Las  influencias  generales  de  los  vientos  sobre  las  aguas  no  se  hacen  sensibles 
basta  el  cabo  de  Santa  Marfa,  exlstiendo  en  cambio  una  cast  perfecta  regularl- 
dad  entre  las  oecUaclones  que  ellos  ezperimentan  en  Montevideo  con  los  regis- 
tradores  en  punta  del  Este  (d^mrtamento  de  Maldonado). 

El  retardo  entre  la  marea  de  uno  de  estos  puntos  con  relacidn  al  otro,  de- 
pende  de  las  direcciones  de  los  vientos  que  la  influendan;  pero  en  los  casos 
anormales,  en  que,  obededendo  a  la  acddn  de  los  de  gran  intensidad,  se  pro- 
ducen  las  crecientes  o  las  bajantes  extraordinarias,  el  fendmeno  es  casi  simul- 
tdneo  en  ambas  localidades. 

La  profundidad  del  Rfo  es  sumamente  variable,  y  tanto  por  esta  circuns- 
tanda,  como  por  la  naturalesa  del  fondo,  configuraci6n  de  sus  costas,  regimen 
general  de  sus  aguas,  el  estuario  se  puede  cobsiderar  divldido  en  tres  secciones, 

CANALBS  DEL  ESTUAUO.      PBOFVNDIDAOB8— PLATA  IMnERIOB,  MEDIO  T  8UPEBI0R. 

La  dif^renda  esencial  que  existe  entre  la  costa  oriental  y  la  argentina  y  la 
naturaleza  del  fondo  del  Ho,  dan  lugar  a  una  serie  de  fendmenos  secundarios  en 
la  propagad6n  normal  de  las  mareas.  Las  profundidades  variables  de  las 
diversas  secciones  en  que  puede  considerarse  divldido  el  estuario,  retardan  o 
acel«*an  los  movimientos  de  propagacldn  de  la  onda  del  oc^no  Atl&ntico. 

Tenemos  en  la  primera  seccidn  del  rlo,  que  comprende  desde  los  cabos  Santa 
Marfa  y  San  Antonio  hasta  Montevideo  y  punta  Piedras,  dos  canales,  uno  en  la 
costa  oriental,  profundo,  y  otro  en  la  argmtina,  separados  por  una  region  de 
grandes  bancoe,  Rouen,  Ingl6i,  Meduza,  Arqulmedes,  y  Narciso. 

Las  profundidades  son  muy  variables  desde  20  metros  hasta  2  metros. 

La  segunda  seccidn,  Plata  medio,  comprende  desde  Montevideo  y  la  Colonia  en 
la  costa  oriental,  hasta  punta  Piedras  y  punta  Lara,  en  la  argentina.  Dentro  de 
esta  8ecd6n  se  encuentra  el  banco  Ortiz,  que  se  prolonga  hasta  la  costa  oriental 
y  s^ara  los  doe  canales:  el  Argentlno,  con  9  metros  de  profundidad  f rente  a 
La  Plata,  y  el  Oriental,  que  es  muy  profundo  y  que  se  derra  mfts  abajo  de 
Puerto  Sauce. 

El  Plata  superior  comprende  desde  punta  Lara  y  la  Oolonia  hasta  el  delta 
del  Paranft  y  punta  Gorda.  En  esta  secd6n  desembocan  los  rfos  Parand  y  Uru- 
gufur,  presentdndose  su  lecho  divldido  en  dos  cuencas  separadas  por  d  banco 
de  Playa  Honda. 

En  la  cuenca  argentina  se  encuentra  el  canal  de  las  Palmas  y  Playa  Honda, 
coh  profundidades  desde  7  metros  hasta  2  metros  y  75  centfmetros. 

En  la  cuenca  oriental  tenemos  los  canales  de  Martin  Garda,  mucho  m&s 
profundos  que  los  correspondlentes  a  la  cuenca  argentina.  El  canal  de  Buenos 
Aires,  que  tiene  9  metres  de  profundidad,  tormina  en  la  barra  del  Globo,  a  3 
metros  58  centimetres.  Para  Uegar  al  canal  nuevo,  que  es  el  que  hoy  sigue  la 
navegaddn,  hay  que  atravesar  la  barra  de  San  Pedro,  con  5  metros  50  centi- 
metres de  profundidad  minima. 

Las  profundidades  mayores  se  encuentran  Junto  a  la  Colonia,  donde  hay 
puntos  que  alcanzan  hasta  12  metros. 

Esta  es,  a  grandes  rasgos,  la  distribuddn  de  los  canales  del  estuario. 

T^  ONDA  DE  MABEA  DEL  ATLAnTICO— SU  PB0PA0ACI6n. 

Si  consideramos,  de  acuerdo  con  las  (^iniones  m&s  autorizadas  y  como  una 
consecuencia  de  nuestros  estudios  redentes,  a  punta  del  Bate,  como  Ifmite  del 
estuario  en  la  costa  oriental,  este  punto  determina  con  punta  Rasa  (cabo 
de  San  Antonio)  una  Hnea  normal  a  la  direcddn  S.  R  de  la  onda  de  marea 
<]ue  viene  del  oc^ano  AtlAntico.  De  manera  que  en  el  cabo  de  San  Antonio  y 
en  punta  del  Este  el  fendmeno  es  simultdneo,  pero  no  pasa  lo  mismo  con  las 
puntas  interiores  del  rfo. 
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Al  entrar  la  onda  de  marea  por  la  deaembocadiira  del  eBtuaiio,  se  encaentra 
con  do8  canales,  uno  de  la  costa  oriental  y  otro  de  la  argentlna,  separados  por 
una  regidn  de  grandes  bancos. 

La  onda  8e  dirlge  con  preferencla  hada  las  mayores  profundldadea,  retra- 
a&ndose  considerablemente  en  los  bancos  y  dando  lugar  a  dos  ondas  con 
yeloddades  dlstlntas:  una,  la  de  la  costa  oriental,  que  Ueva  un  movimlento  de 
propagacl6n  mayor  que  el  correspondlente  a  la  costa  argentlna.  La  marea  en 
la  costa  oriental  tiene  osclladones  verdaderamente  curiosas  y  que  no  se 
observan  en  la  argentlna,  Cuando  no  se  tenfan.  mAs  observadones  que  las 
que  podfa  propordonar  el  mare6grafo  instalado  en  la  bahfa  de  MoQtevldeo, 
era  muy  difidl  determlnar  el  origen  de  esos  movimlentos  osdlatorios  que 
aparecfan  registrados  en  los  diagrauas  a  Intervaloe  de  15, 10  y  hasta  5  mlnutos. 
Despute  de  haber  examinado  detenldamente  la  conflgurad6n  de  la  bahfa  y  sus 
obras  Interiores,  por  si  esas  anomaUas  podfan  derivarse  de  dreunstandas 
locales,  nos  trasladamos  con  el  Ingeniero  Foster  y  Moreau,  de  la  iniq>ecci6n 
general  de  naTegaci6n  y  puertos  de  la  Rept&blica  Argentina,  a  la  playa  de  los 
Podtos,  donde  practicamos  algunas  observadones  que  fueron  luego  continuadas 
durante  varios  dfas  en  una  forma  regular. 

El  moTlmiento  Tibratorio  de  propagaddn  de  la  onda  de  marea  observada 
en  Montevideo,  se  produce  en  la  misma  forma  en  la  plaza  de  los  Pocitos. 
H&s  adelante,  cuando  se  instal6  definitivamente  el  mare^grafo  en  punta  del 
Este,  se  pudo  comprobar  que  ese  fendmeno  era  general  en  la  costa  Norte 
del  estuario  desde  punta  del  Este  hasta  Montevideo.  Ck>mo  las  mareas  se 
propagan  con  dlstlntas  velocidades  en  los  canales  del  rfo,  obededendo  a  las 
diferencias  notables  de  sus  profundidades,  se  producen,  en  virtud  de  esta 
circunstancia  y  del  espado  considerable  que  media  entre  sus  costas,  corrientes 
triinsversales  con  movimlentos  glratorios  en  su  curso,  y  corrientes  de  dlrec- 
dones  opuestas,  segtUi  se  originen  en  el  flujo  o  en  el  reflujo  de  las  aguas. 
Nosotros  hemos  determlnado,  en  la  forma  que  expondremos  m&s  adelante,  la 
amplitud  media  de  cuarenta  y  dnco  centimetres  para  la  onda  de  marea  que 
llega  a  Montevideo. 

Las  dos  ondas  de  mareas,  que  salen  una  de  Montevideo  y  otra  de  punta 
Pledras,  se  encuentran,  y  domina  una  de  dlas,  segtn  la  direcd6n  del  vlento 
que  las  Influencia.  El  curso  de  estas  dos  ondas  y  su  amplitud  no  hemes 
podido  determinarios  con  predsl6n  por  falta  de  dato&  La  onda  de  marea 
que  se  encuentra  en  la  costa  de  la  Oolonia  con  la  prolongad6n  del  banco  Ortiz, 
se  pierde  en  este  punto. 

Foster  indica  que  la  marea  llega  a  puerto  Sauce  con  una  amplitud  media  de 
cincuenta  centimetres,  y  de  ochenta  en  la  costa  argentlna. 

Estos  serfan  los  movimlentos  normales  de  propagad6n  de  la  marea  en  esta 
zona  del  estuario  si  su  poca  profundidad  no  lo  colocara  en  condidones  tales 
que  el  m&s  leve  desequllibrio  atmosf^rlco  anulara  este  r^^en  regular. 

MABCAS    IfAXTMAS   T    mInIMAS — NIVEL    MKDIO.      ALTAS    T   BAJAS    OBOIHABIAS. 

Con  dies  afios  de  registros  mareogr&ficos  correspondientes  a  un  aparato 
instalado  dentro  de  la  bahfa  de  Montevideo,  se  ha  detorminado  por  medio 
del  planfmetro  Anesler  la  ordenada  media  de  cada  curva  diarla,  obteniendo 
como  resultado  final  los  valores  que  espedflcamos  mds  abajo. 

El  mare6grafo  instalado  en  la  bahfa  de  Montevideo  es  un  modelo  Negretti 
y  Zambra,  pdgina  121,  flgura  125  del  cat&logo  general. 

Las  alturas  de  las  mareas  est&n  referidas  al  cero  de  la  carta  inglesa  del 
rfo  de  la  Plata,  hecha  por  el  capitAn  Warthon.  Dicho  piano  de  referenda 
e8t&  a  23  metres  88  centimetres  bajo  el  vestibule  del  Oabildo,  que  no  bay  que 
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oonfundlr  con  el  nivel  medio  fljado  por  el  Ingeniero  Zanetti  i>ara  el  trazado 
7  construccidQ  de  ferrocarrlles  de  la  Reptiblica,  que  estA  a  23  metios  10  oentf- 
metroB  bajo  el  mismo  punto. 

He  aquf  los  datos  extremes  y  medioB  de  IO0  res^istros  mareogr&flcoB : 

Mayor  creciente,  16  de  abril  de  1914  =  +4.00. 

Bfayor  bajante,  6  de  septlembre  de  1092  =  —0.940.  ■ 

Nlvel  medio  =   +0.914. 

Altas  ordinariaa  —  +1.289. 

Bajas  ordinarias  =  +0.506. 

Osdlacidn  m&zima  reglstrada  en  24  boras  =  2.41. 

DIVEBSAS  BSLAdONES  METEOBOL60ICAS.     ACCI6n  DS  LOS  VIBNTOS  SOBBB  ULS  AOUAS. 

La  rotaci6n  de  los  vientos  ba  side  estudiada  determinadamente  en  sns  rela- 
denes  diversas  con  los  dem&s  elementos  meteoroMgicos,  pues  a  sns  cambios  de 
dlrecddn  e  intensidad  obedecen  los  moTimientos  de  las  agnas  del  estuario. 

Siendo  el  rio  de  la  Plata  de  nn  ancbo  tan  considerable  y  no  estando  sn  pro- 
fnndidad  en  relaci6n  con  la  gran  superflcie  qne  ^1  abarca,  la  influencia  astro- 
ndmica  qneda  completamente  contrarrestada  por  el  viento  que  domina  en  el 
memento  en  qne  sus  agnas  deberfan  obedecer  a  la  ley  natural  que  rige  sub 
moYimlentos  perlMicos  y  regulares. 

Esta  influencia  se  hace  sensible  en  6pocas  de  calma,  ya  sea  absoluta  o  bien 
con  vientos  que,  no  correspondiendo  a  los  del  segundo  y  tercer  cuadrante, 
tengan,  cuando  m6s,  una  velocidad  media  de  cinco  a  sels  kil6metros  por  bora. 
Si  esa  velocidad  aumenta,  se  producen  oscilaclones  notables  en  la  marea,  que 
pueden  llegar  a  asumir  una  proporci6n  mayor  si  la  direcci6n  cambia  en 
cualquier  sentido,  quedando  determinado  un  mdximo  de  altura  con  los  vientos 
del  2*  cuadrante,  comprendidos  del  S.  E.  al  S.,  y  los  del  3*  del  S.  al  S.  W. 

En  el  case  de  actuar  estos  vientos,  no  es  condicidn  precisa  que  sn  velocidad 
adquiera  grandes  proporciones,  bastando  una  rotaci<)n  r&pida  de  un  N.  o  N.  W. 
de  30  kil<)metros  a  un  S.  W.  de  40  a  50  para  acusar  alturas  positivas,  con 
osdlaciones  de  un  metro  en  un  espado.  de  tiempo  de  30  a  40  minutes.  Hay 
40  o  50  curvas,  mareogr&flcos  que  presentan  este  case  bien  caracterizado. 

Los  vientos  no  solamente  ejercen  su  acci<)n  sobre  las  aguas,  modificando 
su  altura  en  una  forma  anormal,  sine  que  su  influencia  se  hace  sentir  inme- 
di^tamente  sobre  todos  los  elementos  atmosf^ricos. 

Las  condidones  topogr6flcas  de  la  dudad  y  el  estado  de  sus  costas  sin 
abrigos,  ya  sean  elevaciones  o  plantaciones  espedales  que  puedan'defenderla 
de  la  acci5n  directa  de  los  vientos,  determinan  osdiadones  relativamente 
considerables  en  la  temperatura  y  la  humedad  atmosf^rica. 
'  La  perfecta  armonia  que  existe  entre  el  viento  y  la  presi6n  bigrom^trica, 
temperaturas  y  mareas,  impuso  la  construcd<)n  de  diagramas  espedales  que 
presentan  a  primera  vista  toda  esa  serie  de  movimientos  tan  fntimamente 
ligadoa 

Con  esos  diagramas  se  ha  arribado  a  diversas  conclusiones  fundamentales. 

Las  mftximas  temperaturas  extraordinarias  corresponden  a  las  mfnimas 
mareas  extraordinarias. 

Porque  esas  temperaturas  elevadas  relativamente  a  la  estaddn  se  producen 
a  bajas  presiones  barom^trlcas  con  vientos  del  N.  las  cuales  ejercen  en  cases 
anormales  una  presi6n  media  comprendida  entre  40  a  45  kilogramos  por  metro 
cuadrado,  venciendo,  por  lo  tanto,  la  resistencia  de  la  masa  Hquida  exterior. 
Si  el  N.  no  es  fijo,  es  decir,  si  gira  un  cuarto  al  E.,  se  notarftn  pequefias  osdia- 
dones en  la  temperatura,  y  la  marea,  influendada  por  las  veloddades  de  esa 
dired6n,  superiores  a  40  kilometres,  recorrer&  invariablemente  puntos  equi- 
distantes  del  cero,  aportdndose  m^  de  20  a  30  centfmetros  de  dicha  llnea,  es 
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el  caso  de  que  la  rotacl6n  progreslva  pase  de  los  cuatenta  y  ctnco  grados 
dentro  del  primer  coadrante. 

La  curva  del  bar6grafo  presentarA  un  trazo  circular  en  el  punto  que  corres- 
ponda  a  la  minima  presidn. 

Bajo  la  acci6n  de  los  vientos  fuertes  del  N.  las  mareas  son  negativas  de^itro 
de  las  direcciones  que  dejamos  expuestas,  siendo  su  descenso  proporcional  a  la 
velocidad  del  viento;  pero  si  4sta  disminuye,  la  altura  aumentar&  prosresiva- 
mente,  pasarA  de  negatiya  a  positiva,  y  cuando  esa  velocidad  no  alcance  a  6 
kil6metros  por  hora,  la  acci6n  del  viento  es  nula  y  las  aguas  toman  su  nivel 
medio  normal;  +0.914. 

Siendo  nula  la  acci6n  del  viento,  la  influencia  astron6mica  se  haoe  sensible. 
De  los  estudios  comparativos  ejecutados  con  los  diagramas  del  viento  y  los 
correspondientes  de  mareas,  se  deduce  que  la  oscilaci6n  producida  por  la  in- 
fluencia  astron6mica  queda  limitada  a  cuarenta  y  dnco  centimetros. 

Los  vientos  correspondientes  al  cuarto  cuadrante  son,  en  general,  de  actua* 
ci6n  muy  limitada,  pero  ellos  anteceden  a  una  serie  de  fen6menos  que  revisten 
un  cardcter  de  suma  trascendencia  para  la  navegacidn.  Los  movimientos  de  las 
aguas  bajo  sus  influencias,  estAn  en  razon  directs  de  las  oscilaciones  que  se 
producen  en  la  presi6n  barom^trica,  siendo  los  descensos  tanto  mds  rftpidos  y 
continuos  cuanto  menos  sinuosidades  presente  la  curva  barogrdfica. 

Bajo  la  acci6n  de  los  vientos  comprendidos  entre  el  N.  y  N.  W.  se  producen 
las  mayores  bajantes,  bastando  que  ellos  recorran  velocidades  de  10  a  12  kUb- 
metros  por  hora  para  anular  la  propagaci6n  de  la  onda  de  marea  en  todo 
el  estuario.  Los  vientos  del  N.  W.  dominan  con  velocidades  variables  antes  de 
actuar  los  denominados  pamperos.  Bajo  su  accidn  el  descenso  de  la  columna 
barom6trica  es  continua,  sin  perturbaciones,  y  las  aguas,  obedeciendo  a  su  in- 
fluencia,  bajan  en  rac^n  directa  de  su  v^ocidad  con  oscilaciones  propias  de 
la  costa  Norte  del  estuario.  De  manera  que  la  curva  de  presi6n  y  la  de  mareas 
siguen  una  trayectoria  sensiblemente  paralela  basta  el  momento  que  se  pro- 
duce la  calma.  Cuando  la  velocidad  del  N.  W.  disminuye  progresivamente  hasta 
Uegar  a  este  periodo,  se  establece  una  detenci6n  en  la  marea,  y  en  la  presi^n 
barom^trica.  Este  es  el  momento  que  antecede  al  pampero,  siendo  su  violencia 
tanto  mayor  cuanto  m&a  agudo  sea  el  dngulo  que  presente  la  curva  barogr&fica 
al  restablecerse  el  equilibrio  atmosf^ico.  Los  vientos  del  cuarto  cuadrante  dan 
lugar  a  un  oleaje  continuo  de  muy  poca  altura  que  remueve  completamente  el 
fondo  del  rfo.  Esta  remoci6n  c^mstante  del  lecbo,  mayor  bajo  la  influenda 
de  estos  vientos,  pero  que  siempre  se  verifica,  dada  la  poca  profundidad  del 
estuario,  detiene  el  credmiento  de  los  bancos  y  las  barras. 

Al  verificarse  las  rotadones  r&pidas  de  los  vientos  del  N.  al  W.  a  los  vientos 
del  S.  se  forma  una  onda  de  gran  amplitud  que  se  precipita  dentro  del 
estuario,  por  esto  tenemos  varias  curvas  mareogr&ficas  que  presentan  osdla- 
clones  de  un  metro  en  espaclo  de  tiempo  de  30  a  60  minutes.  Estas  modifica- 
clones  de  alturas  estAn  en  relaci<)n  constante  con  la  temperatura.  A  una 
diferencia  de  diez  grados,  observada  durante  la  rotaddn  de  un  N.  W.  a  un 
W.  S.  W.,  correspondid  en  el  mismo  espaclo  de  tiempo  una  de  un  metro  en 
la  altura  de  las  aguas.  Si  la  marea  no  se  hubiera  encontrado  en  condidones 
normales,  el  fendmeno  no  revestlria  un  carActer  tan  exc^pdonal.  Se  pre- 
sentan con  f recuenda  esos  credentes  rApidos  sin  transicidn,  que  aparecen  en  los 
diagramas  en  un  trazo  casi  perpendicular  a  las  Uneas  horizontales  de  los 
registros.  En  estos  casos  las  curvas  de  presiones  afectan  las  formas  de  conos 
Invertidos,  cuyos  vertices  corresponden  a  las  minimas  mareas. 

Los  vientos  fuertes  del  2*  cuadrante  que  adtian  sobre  el  r(o  de  la  Plata, 
corresponden  en  general  como  dedmos  anteriormente,  a  un  r^men  anti-' 
dd6nico  del  sur  del  atl&ntico. 
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Bstos  ylentos  son  los  que  mayores  peUgros  ofrecen  a  la  navegaddn,  no 
solamente  por  sn  gran  intensidad,  sino  tambi^  por  nna  aerie  de  fendmenos 
que  los  acompafia,  como  son  las  nieblas  densas  que  diflcultan  absolutamente  la 
percQ^Kdto  de  los  objetos.  Las  v^oddades  de  estos  vientos  son  tanto  mayores 
cuanto  mds  HLpidamente  se  verifica  el  ascenso  de  la  oolumna  barom^trica 
y  eeto  se  oomprende  f&cilmente  tenlendo  en  cuenta  el  regimen  a  que  ellos 
pertenecen.  Las  aguas,  obedeclendo  a  su  influenda  dan  lugar  a  una  serie  de 
fendmenos  de  «XNSi6n  en  las  disUntas  sonas  del  estuario.  Las  mayores  credentes 
son  motivadas  por  vientos  de  esta  direcci6n,  levantando  en  la  costa  oriental 
lo  mlsmo  que  los  pamperos,  el  mayor  oleaje  y  produciendo,  dada  la  poca  pro- 
fundidad  del  rfo,  una  socavacidn  en  su  ledio. 

La  entrada  de  la  onda  que  se  forma  en  la  desembacadura  del  rio  se  produce 
bruscamente,  por  cuya  rasdn  las  dlferendas  de  nivel  aparecen  registradas  sin 
los  moyimentOB  vibratorios  caracterfsticos  de  la  costa  oriental. 

La  t^nperatura  y  la  presi6n  atmosf^rica  se  sienten  influendadas  por  estos 
vientos  ezperimentando  la  primera,  descensos  bruscos  y  present&ndose  las 
cunras  barogrAficas  con  movimientos  oscilatarios  continuos,  motiyados  po^ 
las  oiormes  masas  de  nubes  que  ellos  arrastran,  las  cuales  se  resudven  a  su 
paso  en  Uuvias  o  garuas. 

La  acddn  de  estos  temporales  suele  durar  varios  dfas,  y  las  agnas  se 
mantienoi  durante  todo  el  perfodo  de  su  actuad6n  con  pocas  osdlaciones  alre- 
dedor  de  las  altas  mareas  ordinarias. 

El  oleaje  es  general,  y  dada  la  orientaddn  de  la  costa  argentina  ese  mori- 
'  miento  toma  una  direcdto  transversal  en  los  canales  de  Martin  Garda. 

Los  vientos  comprendidos  del  W.  al  S.  son  los  que  se  distinguen  con  el 
nombre  de  pamperos,  los  cuales,  a  pesar  de  dominar  con  veloddades  considera- 
bles, no  ofrecen,  en  general  para  la  navegacidn  tantos  peligros  como  los  que 
actdan  dentro  de  segundo  cuadrante. 

De  las  observadones  registradas  en  estos  i&ltimos  afios,  resulta  que  los  grandes 
temporales  del  tercer  cuadrante,  ban  tenido  en  todos  los  casos  la  direcddn 
W.  i  S.  W.,  con  momentos  de  180  a  200  kilometros  borarios,  produdendo  un 
oleaje  continuo,  con  una  altura  media  de  metres  1.90  dentro  de  la  bahfa  y 
dos  dies  a  dos  cuarenta  al  sur,  en  las  proximidades  dd  templo  Ingles. 

Los  pamperos  pueden  ser  locales  y  generales.  Los  primeros  son  de  poca 
duracidn  y  se  producen  con  delo  deq[>eJado;  los  segundoe  tienen  su  orlgen  esk 
la  Cordillera  de  los  Andes  y  suden  duras  varios  dfas,  acompafiados  de  lluvias  y 
gartlas  generales.  A  estos  vientos  los  antecede,  pocoe  momentos  antes  de  pro- 
dudrse,  una  serie  de  fendmenos  fidles  de  apredar,  present&ndose  como  los 
mfts  importantes  el  descenso  continuo  de  la  columna  barom^trica  y  la  acdto 
i  persistente  de  los  vientos  del  N.  y  N.  W.,  fuertes.  Cuando  se  verifican  las 
rotadones  dd  tercer  cuadrante,  se  producen  cambios  totales  simult&neos  en  las 
condidones  generales  reinantes.  El  bardmetro  sube  r&pidamente,  afectando  las 
curvas  ban^&flcas  la  forma  de  un  cono  invertido,  y  la  temperatura  ezp^- 
menta  osdladones  de  10  y  12  grades  (centigrade).  Estos  vientos  dan  lugar  a 
credentes  acompafiadas  de  mucbo  oleaje,  d  cual  se  calma  durante  los  perlodos 
de  lluvias  gardas  que  siempre  acompafian  a  estos  temporales.  Pooos  momentos 
antes  de  actuar  estos  vientos,  se  nota  que  las  veloddades  de  los  N.  disminuyen 
s^BSiblemente,  hasta  que  se  produce  un  intervale  de  calma,  en  tanto  que  aparecen 
relAmpagos  lineales  en  el  borizonte  del  tercer  cuadrante. 

The  Chaibman.  The  next  paper  on  the  program  is  on  the 
^^  Economic  aspects  of  climatology,''  by  Edward  L.  Wells,  of  the 
United  States  Weather  Bureau,  Boise,  Idaho. 
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THE  ECONOMIC  ASPECT  OF  CLIMATOLOGY. 

By  EDWARD  LANSING  WELLS, 
Meteorologist,  United  States  Weather  Bureau,  Boise,  Idaho. 

nffTBODUCnON. 

The  science  of  economics  treats  of  the  efforts  of  manldnd  to  secure  a  living  or 
to  produce  or  acquire  wealth.  The  eoinomic  status  of  tlie  individual  dq;>end8 
upon  liis  ability  and  upon  his  environment  and  <H>portunitie8.  Using  these 
terms  in  a  broad  sense,  ability  may  be  understood  to  include  strength,  energy, 
intelligence,  training,  fidelity,  constancy  of  purpose,  and  other  personal  attri- 
butes, while  environment  and  opportunity  may  Include  inherited  wealth,  family 
connections,  the  natural  resources  of  the  country  or  the  community,  and  the 
economic  systems  and  ideals  of  the  time.  It  is  not  possible  to  draw  a  fixed  line 
between  ability  and  environment,  for  the  reason  that  one*s  ability  may  develop 
or  deteriorate  as  the  environment  is  favorable  or  unfavorable,  and,  on  the 
other  hand,  ability  is  sometimes  best  shown  by  the  manner  in  which  the  indi* 
vidual  selects  or  creates  his  environment,  or  adapts  himself  to  that  which  is 
inevitable  in  his  surroundings. 

Of  the  natural  resources  of  a  place  or  section,  its  climate  is  one  of  the  most 
important,  not  merely  as  a  matter  of  personal  comfort,  but  as  a  matter  of 
economic  value. 

It  wiU  be  the  purpose  of  this  paper  to  call  attention  to  the  intimate  connec- 
tion which  climatology  has  with  agriculture,  engineering,  transportation,  com- 
merce, manufacturing,  public  and  private  health,  and  recreation.  No  apology 
is  made  for  the  introduction  of  this  subject  before  a  scientific  body,  because 
it  is  believed  that  science,  to  be  worth  whUe,  must  always,  in  its  final  analysis, 
be  related  to  the  everyday  problems  of  the  conmion  man. 

Most  of  the  references  made  will  be  to  conditions  in  the  United  States,  but 
it  is  believed  that  the  principles  are  fundamental,  and  will  apply  with  equal 
force  in  the  other  countries  represented. 

It  will  not  be  possible  within  the  limitations  of  this  paper  to  treat  the  subject 
exhaustively,  but  only  to  make  a  few  suggestions. 

AQBICULTUBK. 

Climate  and  soil  are  the  bases  of  agriculture.  Deficiencies  in  the  soil  may 
be  remedied  by  cultivation  and  the  use  of  fertilisers,  but  climate  is  beyond 
the  control  of  man. 

In  relation  to  agriculture  the  most  important  dimatological  elements  are 
precipitation,  temperature,  and  sunshine.  The  distribution  of  vegetation,  both 
as  to  Idnd  and  quantity,  depend  larg^  upon  these  elements.  Some  plants  will 
not  endure  frost  at  any  time  of  the  year ;  others  are  extremely  susceptible  to 
Injury  from  frost  at  certain  periods  but  will  survive  very  low  temperature  at 
other  periods.  The  length  of  the  froetless  period  required  for  some  plants  is 
greater  than  that  required  for  others.  Some  plants  require  a  large  number 
of  heat  units  for  their  highest  development,  while  others  thrive  best  with 
lower  temperature.  Most  plants  thrive  in  the  bright  sunlight,  but  a  few  attain 
the  highest  degree  of  excellence  in  the  shade.  Some  need  an  abundance  of 
moisture,  while  others  do  best  with  a  limited  amount  Not  only  do  yearly  or 
seasonal  values  of  precipitation,  temperature,  and  sunshine  operate  to  deter- 
mine the  limits  and  possibilities  of  crop  production,  but  the  distribution  of 
these  elements  is  quite  as  Important    Wind  velocity  and  wind  direction  are 
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also  Important  factors.  Plants  tend  to  adjust  themselves  to  conditions  of 
dimate,  but  this  adjustment  operates  within  very  narrow  limits.  The  agricul- 
turist who  would  succeed  must  know  the  climatologlcal  conditions  with  which 
he  has  to  deal,  and  must  so  plant  and  cultivate  and  harvest  as  to  make  the 
most  of  these  conditions.  These  are  facts  so  well  known  that  they  need  not  be 
further  emphasized  in  this  paper.  Prof.  Cleveland  Abbe,  of  the  United  States 
Weather  Bureau,  has  fully  treated  the  scientific  aspect  of  the  question  in  his 
work  on  Relations  Between  Climates  and  Crops  (1).  Prof.  J.  Warren  Smith, 
also  of  the  United  States  Weather  Bureau,  has  made  extensive  studies  of  the 
effect  of  the  weather  on  the  yield  of  various  crops,  and  has  published  several 
splendid  articles  along  this  line  in  the  Monthly  Weather  Review  (2). 

There  is  little  doubt  but  that  in  the  future  the  services  of  a  climatologlcal 
engineer  will  be  invoked  to  pass  upon  the  climate  of  different  parts  of  new 
tracts  of  land  being  opened  for  settlement.  Such  a  plan  is  now  being  followed 
on  a  considerable  body  of  land  in  southern  California  (3). 

Not  only  is  climatology  directly  related  to  the  practice  of  agriculture,  but 
there  is  an  indirect  relation  which  applies  in  many  and  various  ways.  In 
other  parts  of  this  paper  mention  will  be  made  of  the  relation  of  climatology 
to  problems  of  irrigation,  drainage,  transportation,  manufacturing,  markets, 
and  the  efficiency  of  labor,  all  of  which  have  an  intimate  relation  to  the 
economics  of  the  farm.  Perhaps  one  of  the  most  important  of  the  indirect 
applications  is  that  which  has  to  do  with  the  control  of  insect  pests  and  fun- 
gous diseases.  Nearly  all  insect  pests  are  governed  more  or  less  in  their  life 
history  by  weather  conditions.  The  codling  moth,  for  example,  develops  two 
broods  in  a  short  cool  season,  and  three  broods  when  the  season  is  long  and 
warm.  The  life  cycle  may  vary  as  much  as  10  days  in  length,  with  varying 
weather  conditions,  hence  the  time  of  spraying  should  be  varied  to  meet  the 
conditions.  The  number  of  individuals  in  each  brood  also  depends  on  weather 
conditions,  as  was  shown  by  Quaintance  and  Scott,  in  Pennsylvania  in  1907  (4). 
Many  of  the  destructive  weevils  are  known  to  operate  only  within  certain 
dimatological  limits.  B^ingous  diseases  are  p^tlcularly  susceptible  to  dima- 
tological  influence,  most  if  not  all  of  them  requiring  plenty  of  moisture,  while 
some  of  them  are  worst  in  hot  weather  and  others  do  the  greatest  damage 
when  the  temperature  is  low. 

KNOINEERIITG. 

Perhaps  the  foremost  engineering  problem  of  the  time  is  that  of  developing 
water  power  and  transmitting  it  to  where  there  is  a  market  for  it  In  deter- 
mining the  feasibility  of  a  water-power  site  the  engineer' needs  to  know  as  to 
the  stability  of  the  flow  of  the  stream.  Often  the  records  of  rainfall  and  snow- 
fUl  over  the  watershed  constitute  the  only  information  available  in  this  con- 
nection. He  needs  to  know  also  whether  conditions  at  the  power  site  are  such 
as  to  permit  uninterrupted  operation  of  the  plant  More  than  one  expensive 
power  unit  has  been  abandoned  because  of  trouble  with  ice.  In  the  construc- 
tion of  transportation  lines  he  needs  to  know  what  stress  of  weather  must  be 
guarded  against  Wind  and  ice  storms  are  the  foes  of  electrical  transmission, 
idiether  for  power  or  communication,  and  where  such  storms  are  sufficiently 
prevalent  it  has  been  found  better  to  place  the  wires  underground.  The 
matter  of  insulation  is  intimately  connected  with  the  climate. 

What  has  been  said  of  the  water  supi^y  for  power  plants  applies  with  equal 
force  to  Irrigation  projects.  It  is  necessary  to  know  not  only  how  much  water 
Is  available,  but  at  what  time  of  the  year  the  flow  will  be  large  and  at  what 


Digitized  by  VjOOQIC 


242       PROCEEDINGS  SECOKD  PAN  AMERICAN  SCIENTIFIC  CONGRESS. 

time  it  will  be  deficient  If  water  is  to  be  stored  it  is  imiKNrtant  to  know 
whether  the  period  of  storage  will  be  long  or  irtiort  It  is  important  to  know 
something  about  the  amount  of  eyaponltton,  both  from  the  reservoir  and  from 
the  soil.  In  aiq[)lying  the  water  it  should  be  known  how  much  rain  has  fallen, 
so  that  only  the  d^ciency  may  be  sui^lied.  In  planning  the  irrigation  ij/per- 
atlons  for  a  given  year  it  is  essential  to  know  how  much  snow  there  is  in  the 
mountains  from  which  the  streams  are  fed,  and  what  its  water  content  Is. 
This  last  aiq[>lies  to  hydraulic  mining  operations  and  to  power  development, 
as  well  as  to  irri^tion. 

Just  now  the  development  of  wind  power  has  fallen  somewhat  into  the  back- 
ground, but  only  because  other  forms  of  power  have  for  the  time  been  cheap- 
ened.   Mr.  LaVeme  W.  Noyes  of  Chicago  is  authority  for  the  statement  that — 

There  is  sufficient  power,  which  can  be  had  for  the  taking,  within  160  f^et 
of  the  ground,  in  a  space  5  yards  in  diameter,  to  do  all  the  work  to  be  done 
on  a  40-acre  farm  from  the  sowing,  cultivating,  harvesting,  thrashing,  and 
marketing  of  the  crops  to  the  rocking  of  the  babies  and  the  doing  of  all 
kinds  of  housework  and  to  furnish  light,  heat,  and  ice  for  the  house  and 
^ectric  light  for  the  chickens  to  sleep  by.     (5) 

The  profitable  development  of  wind  powar  depends  not  only  upon  the  total 
or  average  wind  movement  but  on  its  constancy. 

In  all  Construction  work  climate  must  be  considered.  Tall  buildings,  bridges, ' 
smokestacks,  etc,  must  be  built  to  withstand  wind  force.  One  type  of  con- 
struction is  adapted  to  hot,  sunny  dimates,  while  in  cool,  cloudy  climates 
another  type  must  be  used.  In  planning  heating  plants  the  temperature  and 
wind  are  to  be  reckoned  with.  In  hot-air  plants  the  prevailing  direction  of  the 
wind  is  particularly  Important  In  the  construction  of  refrigeration  plants 
the  degree  of  heat  to  be  overcome  must  be  known.  In  the  building  and 
operating  of  air-cooled  storage  plants  carefully  kept  weather  records  are 
indispensable.  In  building  drains  and  sewers  the  designer  must  know  the 
maximum  amount  of  water  to  be  carried.  In  wood  construction  In  damp 
climates  the  fungous  diseases  of  wood  must  be  guarded  against  The  expan- 
sion to  be  allowed  for  in  bridge,  dam,  and  railroad  construction,  the  mixture 
of  asphalt  used  In  paving,  the  depth  to  which  water  pipes  must  be  buried, 
and  many  other  problems  of  construction  hinge  upon  the  extremes  of  tempera- 
ture that  may  be  experienced.  A  very  porous  building  stone  is  not  suitable 
for  use  in  a  humid  climate  but  may  answer  admirably  In  a  dry  climate. 
The  humidity  and  temperature  are  both  to  be  considered  In  planning  for  the 
Introduction  of  atmospheric  moisture  Into  artificially  heated  buildings.  The 
adjustment  of  forfeits  on  delayed  construction  work  is  often  materially 
expedited  by  reference  to  the  weather  records,  and  the  same  is  true  of  claims 
for  imperfect  construction. 

TBANSPOBTATION. 

Few  commodities  are  used  where  they  are  produced.  The  concentration  of 
population  In  the  large  cities  and  the  Increasing  demand  for  a  variety  of 
artldes  of  food,  apparel,  and  convenience,  together  with  the  tendency  for 
communities  to  specialise  In  the  production  of  certain  commodities  are  all 
contributing  to  the  complexity  of  the  transportation  inroblem,  and  there  Is 
hardly  a  phase  of  the  problem  that  Is  unrelated  to  climatology.  Sailing  routes 
were  changed  as  the  great  wind  systems  became  known.  The  Introduction  of 
steam  as  a  motive  power  for  ships  has  not  altogether  made  ocean  traniQNMV 
tatlon  Independent  of  these  wind  systems,  while  a  knowledge  of  storm  tnuto 
and  regions  of  fog  Ir  as  essential  as  ever.    In  the  building  of  railroads  many 
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phases  of  climate  are  to  be  considered,  including  the  probability  of  floods,  deep 
snows,  high  winds,  sand  storms,  etc.  It  is  not  long  since  a  considerable  length 
of  railroad  line  in  one  of  the  Western  States  was  found  to  be  practically  worth- 
less because  of  having  been  built  too  near  the  bed  of  a  stream  and  tlierefore 
was  too  much  subject  to  damage  from  floods,  so  it  was  replaced  by  a  line 
built  higher  up.  The  writer  remembers  two  railroads  entering  the  same  town 
in  one  of  the  northern  plains  States,  one  of  which  is  seldom  blockaded,  while 
the  other  is  sometimes  closed  by  snow  for  months  at  a  time.  In  the  former 
case  the  cuts  are  parallel  to  the  wind,  while  in  the  latter  the  wind  blows 
directly  across  the  cuts.  In  operating  the  railroads  a  knowledge  of  the  climate 
is  essential.  This  is  particularly  true  in  the  shipment  of  perishable  products, 
which  may  require  icing  or  ventilation  as  a  protection  against  high  tempera- 
ture, or  insulation  against  the  cold.  Mr.  U.  E.  Williams,  of  the  United  States 
Weather  Bureau,  has  given  some  excellent  suggestions  for  the  protection  of 
food  products  in  transit  in  his  bulletin  on  "  Protection  of  food  products  from 
injurious  temperatures'*  (6).  Not  only  Is  a  knowledge  of  cllmatologlcal 
conditions  essential  in  taking  precaution  against  loss  'in  transportation,  but 
weather  records  are  playing  an  Increasingly  Important  part  In  tlie  settlement 
of  claims  for  products  and  property  damaged  in  transit.  The  claim  agents  of 
the  leading  transportation  companies  and  the  traffic  managers  of  the  commis- 
sion houses  and  producers*  associations  keep  complete  files  of  cllmatologlcal 
data,  and  a  large  percentage  of  claims  for  damaged  goods,  whether  tliey  be  for 
a  trainload  of  chilled  bananas  or  for  a  traveling  man*s  samples  ruined  by 
the  rain,  are  now  settled  out  of  court  on  the  basis  of  the  weather  records. 
Claims  for  car  demurrage  are  often  settled  on  the  basis  of  the  weather  reports. 
A  phase  of  the  transportation  problem  to  which  the  advent  of  the  automo- 
bile has  attacted  new  attention  Is  the  movement  for  good  roads.  Good  roads 
can  neither  be  built  economically  nor  maintained  successfully  without  consider- 
ation being  given  to  the  climate. 

COMMERCE. 

In  the  economic  relations  between  man  and  man  commodities,  property, 
labor,  all  have  a  price.  In  some  cases  the  price  Is  arbitrarily  fixed,  and  very 
often  there  Is  a  marked  difference  of  opinion  as  to  the  fairness  or  unfairness  of 
the  price,  but  ordinarily  It  bears  a  relation  to  supply  and  demand,  and  both 
supply  and  demand  are  affected  by  weather  conditions.  The  price  of  food- 
stuffs feels  very  quickly  any  decided  weather  changes  during  the  gi-owlng 
season.  It  Is  said  that  some  years  ago  a  commission  merchant  In  San  Francisco 
failed  because  a  telegraph  operator  mistook  an  "s**  for  an  "!'*  in  sending  a 
weather  report  (7). 

Not  only  does  the  standard  of  values  In  specific  commercial  transactions  vary 
with  weather  conditions,  but  the  same  Is  true  of  conditional  transactions.  In 
Insurance  of  all  kinds  the  climate  Is  a' factor  In  fixing  the  premium  and  deter- 
mining the  acceptability  of  the  risk.  This  Is  partlculary  true  of  marine,  hall, 
flood,  tornado,  and  lightning  Insurance,  where  the  loss  Is  directly  due  to  stress 
of  weather,  but  the^prlnclple  applies  also  In  fire  Insurance,  where  the  velocty 
and  prevailing  direction  of  the  wind,  frequency  or  Infrequency  of  rain,  depth 
of  snow  cover,  relative  humidity,  and  necessity  for  artificial  heating  all  have  a 
part  In  determining  the  hazard.  Some  life  insurance  companies  refuse  to  sell 
insurance  in  sections  where  the  climate  Is  known  to  be  unheal thful. 

The  territorial  distribution  of  many  commodities  is  governed  by  cllmatologlcal 
conditions,  and  this  fact  is  taken  advantage  of  by  large  merchandising  Institu- 
tions, In  planning  their  advertising  and  placing  their  salesmen,  as  well  as  in 
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locating  their  branch  houses.  It  is  necessary  for  the  distributor  of  farm  Imple- 
ments to  know  when  sleighs  will  be  needed  In  one  section  and  when  plows 
will  be  needed  in  another.  If  a  crop  failure  threatens  In  a  certain  section  special 
attention  Is  given  to  credits  In  that  section.  The  clothing  merchant  must  know 
when  raincoats  will  be  needed  and  where  there  will  be  a  demand  for  dusters. 
The  fact  that  women  in  San  Francisco  wear  veils  because  of  the  wind,  and 
the  women  of  Los  Angeles  do  not  wear  them  because  of  the  absence  of  high 
wind,  is  important  to  the  distributor  of  women's  furnishings. 

In  the  pursuit  of  trade  uninterrupted  communication  Is  desirable,  hence 
delayed  malls  or  obstructed  telegraph  service,  due  to  the  occurrence  of  a  storm, 
may  result  in  serious  commercial  loss.  A  large  mall-order  house  In  Chicago 
finds  it  necessary  to  put  on  a  night  force  to  handle  the  increased  mall  which 
accompanies  the  advent  of  a  period  of  bright  weather  following  a  storm  In 
some  part  of  its  territory. 

In  the  storage  of  perishable  products,  climate  is  an  important  factor.  By 
carefully  studying  the  temperature,  wind,  humidity,  etc.,  and  building  and 
operating  in  accordance  with  the  results  of  such  study,  It  has  been  found 
possible  In  some  sections  to  maintain  Iho  proper  temperature  and  humldlly  in 
fruit  storage  warehouses  without  artificial  refrigeration.  Where  the  air  is 
sufliclently  dry,  water  may  be  kept  cool  In  porous  receptacles,  and  food  may  be 
preserved  In  Iceless  refrigerators. 

While  conventions,  fairs,  etc.,  are  not  usually  held  for  purely  commercial 
reasons,  yet  they  may  have  a  certain  commercial  value  to  the  localities  where 
held.  Certain  cities  have  received  no  little  commercial  gain  because  of  pos- 
sessing climates  favorable  for  such  gatherings. 

MANUFACTUBING. 

There  are  many  manufacturing  processes  that  are  carried  on  successfully 
and  profitably  only  under  certain  cllmatologlcal  conditions.  Key  West  and 
Tampa,  Fla.,  have  been  cigar-manufacturing  centers  because  of  the  mild,  damp 
climate.  Studies  of  humidity  and  temperature  have  been  made  at  Tampa  with 
a  view  to  reproducing  these  conditions  elsewhere  by  artificial  means.  A  very 
fine  grade  of  sea-Island  cotton  Is  grown  In  the  Imperial  Valley,  In  California, 
but  It  must  be  taken  to  the  coast  to  be  spun,  because  the  climate  of  the  Imperial 
Valley  Is  too  dry.  At  Long  Beach,  Cal.,  there  is  found  an  ideal  climate  for 
spinning.  It  Is  often  best  to  ship  logs  to  mills  at  some  distance  from  where 
the  trees  have  grown  In  order  that  the  sawing  and  seasoning  may  be  done 
under  more  favorable  weather  conditions.  As  an  Illustration  of  the  cllmato- 
logical  details  necessary  to  be  considered  It  may  be  stated  that  In  piling  lumber 
to  be  seasoned  the  prevailing  direction  of  the  wind  Is  considered.  In  the 
manufacture  of  prepared  paints  different  combinations  of  materials  are  used 
for  paints  Intended  for  use  under  different  cllmatologlcal  conditions.  In  some 
cases  the  location  of  a  factory  Is  determined  by  the  nearness  to  a  supply  of  raw 
material  and  In  other  cases  by  the  availability  of  water  power,  both  of  which 
are  Intimately  related  to  climatology. 

HEALTH    AND    EFFICIENCy. 

In  all  economic  relations  the  human  factor  is  large.  Health,  ambition,  alert- 
ness, efficiency,  determine  largely  the  value  of  the  Individual  to  society  and 
that  these  are  affected  by  climate  no  one  can  doubt. 

Many  diseases  thrive  only  within  certain  cllmatologlcal  limits.  In  some 
cases  the  relation  Is  a  direct  one,  while  In  others  It  Is  Indirect.    Some  diseases 


Digitized  by  VjOOQIC 


A8TB0K0MY,  METBOBOLOGT,  AKD  SEISMOLOGY.  245 

are  spread  by  insects  which  can  live  only  under  certain  climatologlcal  condi- 
tions. Some  diseases  are  worse  in  cold  climates  than  in  warm  because  people 
live  less  in  the  open  air.  Wind  may  sometimes  be  a  preventive  of  disease*  but, 
on  the  other  hand,  a  climate  which  is  so  free  from  wind  that  people  can  live  and 
sleep  in  the  open  air  has  distinct  advantages  from  the  standpoint  of  health- 
fulness.  In  the  treatment  of  pulmonary  tuberculosis  this  fact  is  well  recog- 
nized. Humidity  is  an  important  factor  in  certain  diseases.  Altitude  has  an 
effect  upon  health  and  conduct  because  of  the  decrease  in  air. pressure,  which 
is  a  climatologlcal  element  Certain  conditions  of  the  weather  are  conducive, 
to  crime  and  insanity. 

Not  only  do  such  marked  changes  as  are  experienced  in  going  from  one  sec- 
tion to  another  have  a  bearing,  but  very  slight  changes  are  sometimes  notice- 
able in  their  effect  The  distribution  of  the  mosquito  that  carries  the  germ  of 
malarial  fever  is  influenced  by  local  air  drainage.  A  sufferer  from  asthma  has 
been  materially  benefited  by  removal  from  one  room  to  another  of  the  same 
hotel,  the  room  being  selected  after  comparative  readings  made  with  a 
psychrometer. 

A  recent  publication  on  The  Climate  of  Portugal,  by  Dr.  D.  G.  Dalgado,  of 
the  Academy  of  Sciences,  Lisbon,  gives  many  valuable  suggestions  as  to  the 
relation  between  climate  and  health.    (8) 

Apart  from  the  matter  of  health,  certain  climates  develop  ambition,  alertness, 
force  of  will,  while  others  tend  to  lassitude  and  torpor.  In  addition  to  the 
question  of  personal  efficiency  there  Is  the  economic  result  of  the  congregation 
in  certain  sections  of  large  numbers  of  persons  who  are  stricken  or  threatened 
with  disease  in  the  hope  that  the  favorable  conditions  on  those  sections  will 
arrest  or  prevent  the  development  of  the  trouble.  Health  and  ability  being 
equal,  there  may  be  a  marked  lessening  of  the  efficiency  of  labor  because  of 
weather  conditions  unfavorable  for  the  progress  of  work.  This  becomes  an 
important  factor  in  all  out-door  occupations. 

nBCSEATION. 

Recreation  has  a  distinct  bearing  on  efficiency,  and  is  thus  an  economic 
factor,  but  there  is  a  more  direct  relation  which  arises  from  the  fact  that  many 
forms  of  amusement  and  recreation  have  become  commercialized.  Such  amuse- 
ments and  sports  as  are  carried  on  in  the  open  air  are  necessarily  governed 
more  or  less  by  climate.  Surf  bathing  is  generally  confined  to  the  warmer 
months,  but  in  some  favored '  sections  may  be  enjoyed  throughout  the  year. 
Skating,  tobogganing,  snowshoeing,  etc.,  are  necessarily  confined  to  the  colder 
sections.  Places  that  have  become  known  as  having  climates  suitable  for  these 
sports  gather  no  little  profit  from  such  reputation. 

Travel  in  itself  is  a  delightful  form  of  recreation  as  well  as  a  means  of 
education,  and  the  lines  of  tourist  travel  are  largely  determined  by  climate, 
particularly  since  the  advent  of  the  automobile.  The  European  war  and  the 
opening  of  the  Panama  Canal  have  brought  the  attention  of  the  tourist  to  the 
American  Continent,  and  any  region  which  possesses  good  roads,  good  scenery, 
and  a  good  climate  is  sure  to  become  the  beneficiary  of  an  important  tourist 
trade 

The  character  of  public  entertainments  varies  with  the  season  and  with  the 
climate.  The  theater  season  is  in  winter,  while  the  Chautauqua  and  the  circus 
flourish  in  the  summer. 

The  most  important  present-day  phase  of  the  amusement  question  is  the 
development  of  the  moving-picture  industry.  Los  Angeles  has  become  the 
photo-play  center  of  the  United  States  because  of  the  climate,  which  permits 
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the  companies  to  operate  nearly  every  day  in  the  year.  Moreover,  the  ciimate 
is  such  that  there  is  a  wide  variety  of  vegetation — an  important  factor  in 
securing  proper  hackgrounds  for  the  staging  of  photo  plays. 

MISCELLANBOU8. 

There  are  certain  meteorological  phenomena  that  are  much  dreaded. 
Among  these  may  be  mentioned  the  tropical  cyclone,  the  tornado,  the  severe 
thunderstorm,  and  the  so-called  blizzard.  A  region  that  can  be  shown  to  be 
free  from  such  phenomena  will  attract  residents  because  of  this. 

Astronomical  observations  are  best  made  under  certain  climatologlcal  con- 
ditions, and  the  location  of  observatories  with  this  point  in  view  is  a  source 
of  commercial  gain  to  the  places  where  they  are  established. 

In  the  work  of  conserving  and  restoring  the  forests  the  study  of  climate  Is 
essentiaL 

One  of  the  most  Important  of  the  uses  of  climatologlcal  records  is  in  the 
courts.  Mention  has  already  been  made  of  the  settlement  of  claims  for  damage 
of  goods  In  transit  In  many  other  forms  of  litigation  the  temperature, 
humidity,  cloudiness,  rainfall,  snowfall,  or  the  condition  of  the  streets  may 
have  an  important  bearing,  and  the  public  weather  records  are  introduced  as 
evidence  in  thousands  of  cases. 

CONCI.U8ION. 

In  this  paper  no  mention  has  been  made  of  the  value  of  weather  forecasts, 
for  the  reason  that  forecasting  Is  meteorological  rather  than  climutological, 
and,  moreover,  the  topic  Is  one  that  has  been  less  neglected  than  those  dis- 
cussed herein. 

As  was  indicated  In  the  introduction,  it  has  been  impossible  to  treat  the 
subject  exhaustively  or  to  do  more  than  suggest  a  few  of  the  many  ways  in 
which  climatology  Is  related  to  the  efforts  of  man  to  maintain  or  to  l}etter  his 
economic  status.  To  pursue  the  subject  to  Its  logical  conclusion  is  to  find  that 
there  is  scarcely  a  phase  of  economic  life  that  Is  unrelated  to  climatology,  and 
that  there  are  few  lines  of  scientific  study  which  promise  greater  returns  from 
an  economic  standpoint. 
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The  Chairman.  This  very  interesting  paper  is  now  open  for 
discussion.  We  emphasize  again  the  economic  value  of  meteorological 
work  and  climatological  data  and  meteorological  information.  It 
seems  that  meteorological  services  can  best  be  organized  only  under 
some  sort  of  government  control  and  appropriation.  It  is  sometimes 
a  little  difficult  to  get  appropriations  for  things  that  do  not  seem  to 
have  an  immediate  practical  value,  and,  I  think,  emphasis  may  well 
be  laid  upon  the  economic  \alue  of  meteorological  work  in  securing 
l^islation  in  support  of  it. 

Mr.  J.  Wasben  Smfth.  The  author  of  the  paper  spoke  about  two 
or  three  things  that  I  would  like  to  emphasize.  One  is  the  effect  of 
the  weather  upon  insect  pests.  In  Ohio  I  have  made  some  study  of 
the  effect  of  the  weather  upon  the  Hessian  fly,  the  chinch  bug,  and  the 
grubworm,  the  last  two  of  which  damage  com ;  and  while  I  do  not 
now  remember  the  particular  figures,  the  weather  has  a  definite  in- 
fluence upon  the  damage  done  by  all  of  those  insects,  and  it  can  be  de- 
termined a  considerable  time  in  advance. 

Mr.  Wells  has  mentioned  the  importance  of  knowing  the  rainfall, 
and  the  amount  of  water  available  for  power  plants  as  well  as  for 
irrigation.  I  have  in  mind  one  large  and  very  expensive  power  plant 
in  Ohio  that  is  practically  worthless,  because  it  does  not  have  water 
enough  to  run  the  plant  more  than  a  short  time  in  dry  weather,  and  it 
has  to  stand  idle  for  a  month  or  six  weeks  in  the  dry  season.  The 
money  spent  in  constructing  it  was  practically  thrown  away. 

I  wonder  whether  we  have  a  suggestion  in  the  matter  of  air-cooled 
refrigerating  plants  in  Xansen's  book.  Through  Siberia,  published 
just  a  short  time  ago?  I  remember  in  one  place  he  speaks  of  a 
mountain  that  was  tunneled  through  in  a  region  where  the  ground 
is  not  permanently  frozen,  but  the  mountain  itself  is  frozen  250  feet 
deep,  from  the  top  down.  Remember  it  is  in  a  region  where  the  soil 
is  not  permanently  frozen,  but  they  found  this  mountain  itself  was 
frozen  250  feet  in  depth.  He  explains  it  by  the  construction  of  the 
rocks  in  the  mountain.  He  says  that  in  the  wintertime  the  cold  air 
settles  down  through  the  interstices,  and  if  there  is  any  warming, 
it  is  confined  to  the  surface,  and  that  is  repeated  the  next  winter,  and 
so  on  until  there  is  that  permanent  freezing  of  the  mountain  because 
of  the  construction  of  the  rocks.     It  may  be  possible  to  build  a 
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natural  refrigerating  plant  out  there  in  the  West,  where  you  can  take 
advantage  of  that  idea. 

There  are  two  uses  of  the  information  regarding  relative  humidity 
that  have  come  to  my  attention  recently  in  Columbus  which  are  quite 
interesting,  one  in  connection  with  the  making  of  picture  films. 
They  found  that  they  lost  a  good  deal  of  their  work  through  not 
knowing  the  weather  conditions  in  the  room.  Through  a  study 
which  they  have  made  they  have  found  that  it  is  a  matter  of  relative 
humidity,  and  that  they  must  artificially  control  the  relative  humid- 
ity in  the  room.  Another  was  in  the  matter  of  the  automatic  tele- 
phone. In  the  central  office  they,  found  that  when  the  air  was  too 
dry  the  telephone  worked  very  poorly.  When  the  air  was  too  moist 
they  found  there  was  a  sticking  of  the  brass  parts,  which  made  tlie 
telephone  work  very  poorly;  and  I  advised  getting  a  sling  psychrom- 
eter,  which,  I  think,  is  a  very  important  instrument  for  manufac- 
turers and  others  to  use.  They  carried  out  their  tests  in  the  room 
and  found  out  that  they  can  very  easily  control  the  relative  humidity 
in  the  room  by  letting  the  outside  air  into  it  at  times  and  by  putting 
a  slight  amount  of  moisture  into  the  room  in  the  summer  time. 
They  found  that  the  whole  difficulty  could  be  obviated  much  more 
easily  and  economically  by  using  the  sling  psychrometer. 

When  in  St.  Louis  I  found  that  Mr.  Douglas,  of  the  Simmons 
Hardware  Co.,  used  the  weather  information  more  than  any  other 
man  that  I  have  ever  heard  of.  He  would  call  up  the  officer  every 
morning  and  go  over  the  whole  United  States  as  fast  as  I  could  give 
him  the  information,  reading  the  figures  from  the  weather  map.  He 
would  ask  the  weather  conditions  here  and  there,  and  would. handle 
his  business  from  that  point  of  view.  Some  of  the  things  are  decid- 
edly interesting.  For  example,  he  said  that  down  in  the  great  cherry 
region  of  Arkansas  it  was  very  important  to  know  whether  they 
were  going  to  have  a  good  cherry  crop,  because  his  concern  must 
know  whether  the  retail  hardware  men  needed  cherry  stoners.  TT]> 
in  the  cabbage-growing  district  of  Michigan  it  is  very  important  to 
know  whether  they  will  need  the  implements  that  are  used  in  making 
sauerkraut.  He  said  that  at  certain  seasons  of  the  year,  if  they  did 
not  watch  those  things,  the  first  thing  they  knew  the  hardware  peo- 
ple would  be  out  of  these  important  things  and  they  could  not  get 
them  in  there  in  time.  He  said  that  in  North  Dakota,  South  Dakota, 
and  Minnesota  in  a  very  dry  period  the  hardware  dealers  would  be 
out  of  tire  bolts.  In  driving  across  the  country  the  nuts  work  loose, 
the  tire  bolts  drop  out,  and  the  first  thing  they  knew  the  dealers 
would  be  out  of  them.  He  also  said  that  whenever  the  Weather 
Bureau  issued  a  cold-wave  warning  in  any  of  the  Western  States 
they  at  once  telephoned  the  supply  houses  to  see  that  the  hardware 
dealers  had  plenty  of  skates  on  hand;  and  when  a  snow  warning  was 
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issued  then  they  issued  orders  to  push  out  the  snow  shovels.  So  they 
cover  the  whole  United  States  in  a  wonderfully  interesting  manner. 
The  Chairman.  If  there  is  no  further  discussion,  I  will  call  on 
Prof.  H.  C.  Frankenfield,  of  the  United  States  Weather  Bureau, 
Washmgton,  D.  C,  who  will  read  his  paper  on  "  Sleet  and  ice  storms 
in  the  United  States.*' 


SLEET  AND  ICE  STORMS  IN  THE  UNITED  STATES. 

By  H.  C.  FRANKENFIELD, 
Professor  of  Meteorology,  Unit§d  States  Weather  Bureau,  WasMngUm,  D.  O. 

DEFINITION    OP   TEBMS. 

The  term  "sleet"  has  been  variously  defined,  and  some  of  the  defini- 
tions are  manifestly  inconsistent.  The  definition  adopted  by  the  Weather 
Bureau  of  the  United  States  appears  to  be  rational  and  consistent,  and  is  as 
follows : 

Sleet  is  precipitation  that  occurs  in  the  form  of  frozen,  or  partly  frozen,  rain, 
and  is  formed  by  rain  falling  from  a  relatively  warm-air  stratum  into  and 
through  another  air  stratum  that  is  sufficiently  cold  to  freeze  some  or  all  of 
the  raindrops. 

Mixtures  of  snow  and  rain  are  distinctly  not  sleet;  neither  are  mixtures 
of  hail  and  rain,  as  some  of  the  foreign  definitions  permit.  Another  modifica- 
tion of  sleet,  but  not  actually  true  sleet,  is  more  correctly  known  as  "glazed 
frost,**  the  German  "glatteis,**  or  smooth  ice.  This  is  rain  that  actually  falls 
to  the  surface  as  rain,  but  freezes  as  soon  as  it  touches  the  surface.  This 
formation  is  also  considered  as  sleet  in  the  Weather  Bureau  designation.  It 
is  most  manifest  on  telegraph  and  telephone  wires,  trees,  etc.,  and  is  the  form 
that  causes  the  greatest  damage.  The  true  sleet,  falling  as  mingled  ice  and 
rain,  does  not  cling,  and  does  not  often  cause  much  damage.  Both  forms,  how- 
ever, are  preceded  by  the  same  general  meteorological  conditions. 

The  etymology  of  the  term  "sleet**  is  uncertain  and  none  of  the  earlier  avail- 
able equivalents  conveys  any  impression  of  its  actual  physical  composition. 
Some  of  these  equivalents  are  the  middle  high  German  "sl5ze,**  the  German 
"schlosse,"  and  the  Norwegian  "sletta,**  the  latter  meaning  •*to  slap,*'  and 
having  reference,  probably,  to  the  beating  or  driving  of  the  sleet  under  the 
Influence  of  strong  winds.  Sleet  and  hail  are  distinct,  both  formatively  and 
structurally;  hail  being  formed  by  a  violent  uprush  of  warm  air  into  a  much 
colder  air  mass,  occurs  almost  uniformly  during  summer  thunderstorms;  sleet 
pellets  are  not  usually  symmetrical  in  form,  while  hailstones  are  frequently 
so,  being  composed  of  a  central  nucleus  of  snow  surrounded  by  concentric 
spheres  of  water  and  snow  in  alternate  layers.  However,  for  practical  purx>oses 
It  is  not  a  serious  error  to  define  winter  hail  as  sleet 

The  true  sleet  usually  consists  of  considerable  water  in  addition  to  the  ice 
pellets,  the  pellets  being  of  irregular  formation ;  but  at  times  it  consists  entirely 
of  round,  dry  pellets,  about  the  size  of  duck  shot,  which  either  remain  dry 
and  loose  on  the  surface  for  a  considerable  time,  or,  if  the  surface  is  slightly 
warmer,  unite  into  larger  and  very  irregular  masses  of  ice.  This  has  been 
termed  "ice  rain."  The  dry  sleet  is  probably  due  to  the  unusually  low  tem- 
perature of  the  lower  air  stratum.    A  sleet  storm  of  this  character  occurred 
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at  Davenport,  Iowa,  on  March  5,  1900.  The  Ice  pellets  remained  perfectly  dry 
and  were  blown  about  by  the  strong  winds  to  such  an  extent  that  drifts,  4  c»r 
5  inches  in  deptli,  were  noticed  in  places. 

GEOGRAPHICAL  DISTRIBUTION. 

Sleet  storms  were  found  to  be  rare  west  of  the  Rocky  Mountains  owing  to 
the  infrequent^  occurrence  of  the  pressure  distribution  necessary  for  their 
formation.  For  a  similar  reason  they  are  not  common  along  the  eastern  sl<»i>e 
of  the  Rocky  Mountains. 

The  region  of  greatest  frequency  was  found  to  be  over  tlie  lower  Missouri, 
the  lower  Arkansas,  the  middle  Mississippi,  and  the  lower  and  middle  Ohio 
valleys,  the  southern  upper  lake  and  the  lower  lake  regions.  New  England, 
the  Middle  Atlantic  States,  and  central  North* Carolina,  corresponding  in  the 
main  to  that  portion  of  the  country  traverse<l  by  the  principal  low-pressure 
areas,  with  the  cold  northerly  winds  to  the  northward  and  the  warm  southerly 
ones  to  the  southward,  necessary  precedents  to  sleet  formation.    As  a  rule,  the 
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sleet  and  ice  storms  appear  to  be  most  frequent  where  the  northerly  winds  and 
the  necessary  pressure  distribution  are  most  pronounced,  or,  in  other  words, 
over  regions  of  strong  cyclonic  activity  with  marked  extremes  of  temperature. 
The  area  of  maximum  frequency  (6  to  6.7  a  year)  covers  northern  and 
eastern  Missouri  and  south^n  Illinois,  although  the  absolute  maximum  of  7.7 
storms  a  year  occurred  over  south-central  Pennsylvania.  (See  chart.)  An 
occasional  storm  of  moderate  character  occurred  over  extreme  northern  Florida 
and  along  the  Qulf  coast,  while  over  the  interior  of  the  South  the  annual 
average  was  less  than  2,  as  a  rule.  However,  a  local  tendency  toward  a 
higher  average  (2.7  to  3.4)  was  noted  over  the  more  elevated  regions  of  north- 
western Georgia  and  southeastern  Tennessee.  West  of  the  ninety-seventh 
meridian  and  over  the  northern  upper  lake  region  the  average  annual  frequency 
was  less  than  2,  as  a  rule,  except  over  southern  upper  Michigan,  where  the 
annual  average,  as  indicated  by  the  figures    at    Rscannba,  was  4.9,  and  at 


Digitized  by  VjOOQIC 


ASTRONOMY,  METEOROLOGY,  AND  8BI8M0L0OY.  251 

Daluth,  where  the  figures  were  2.4.  The  low  averages  over  the  northern  upper 
lake  region  were  doubtless  due  to  the  equalising  effect  of  the  water  tempera- 
tures ;  and  the  local  increases  at  Escanaba  and  Duluth  support  this  contention, 
as  the  northerly  winds  blow  entirely  from  the  colder  land  surfaces  at  Eiscanaba 
and  over  only  a  small  area  of  water  surface  at  Duluth,  except  when  the  winds 
are  from  the  northeast 

The  comparatively  high  figures  of  8.4  over  the  northeastern  portion  of 
eastern  Texas  may  be  attributed  to  the  operation  of  the  same  general  condi- 
tions that  created  the  maximum  frequency  over  the  great  central  valleys,  etc 

SEASONAL  DISTRIBUTION. 

The  seasonal  distribution  of  sleet  and  ice  storms  is  not  very  well  defined. 
In  general,  January  and  February  are  the  months  of  greatest  frequency  over 
the  lower  Missouri,  the  middle  Mississippi  and  the  Ohio  Valleys,  the  low^ 
lakes,  and  the  Middle  Atlantic  States,  while  March  and  December  are  the 
months  of  greatest  frequency  over  the  upper  lakes,  especially  the  month  first 
named.  It  should  be  remarked,  however,  that  these  upper  lake  storms  are 
rarely  so  severe  as  those  in  the  region  of  the  great  river  valleys,  and  that 
the  latter  section,  together  with  the  Middle  Atlantic  States,  probably  comprises 
the  great  belt  of  severe  sleet  storms  of  the  country.  A  fair  proportion  of  the 
storms  occurred  in  Aprii,  all  above  latitude  424*",  except  in  a  f^w  isolated 
places,  notably  on  April  28,  1908,  in  the  Panhandle  of  Texas,  and  on  April 
20,  1904,  at  Charlotte,  N.  C,  the  latter  only  a  slight  one.  Three  May  storms 
occurred  at  about  latitude  47*,  and  there  were  five  October  storms  at  widely 
scattered  places,  that  of  October  8  and  4,  1914,  at  Havre,  Mont,  of  severe 
diaracter. 

On  the  whole  it  may  be  said  that  severe  sleet  and  ice  storms  may  be  expected 
at  any  time  from  November  to  March,  inclusive,  and  occasionally  north  of 
latitude  42*  during  April  and  October.  The  probability  of  May  storms  may 
be  disregarded  on  account  of  their  very  infrequent  occurrence. 

ICETBOBOLOGTCAL     CONDITIONS     FAVORABLE    FOB    THE    OCCURRENCE    OF     SLEET     AND 

ICE    STORMS. 

The  following  meteorological  conditions  as  indicated  on  the  weather  hum^ni, 
appear  to  precede  sleet  and  ice  storms : 

1.  Low  temperature  and  high  pressure  to  the  northward  (between  north- 
west and  northeast).  Seventy-two  per  cent  of  the  cases  were  well  developed 
and  28  per  cent  fairly  sa    There  were  no  failures. 

2.  Ste^  pressure  and  temperature  gradients  to  the  northward  (between 
northwest  and  northeast).  Sixty-nine  per  cent  of  the  cases  were  well 
developed ;  12  per  cent  fairly  so ;  19  per  cent  failed. 

8.  Surface  temperatures  below  the  freezing  point,  usually  between  22*  and 
28*.    This  Involves  an  accurate  temperature  forecast 

Severe  sleet  with  surface  temperatures  above  the  freezing  point  Is  practically 
unknowiL 

4.  Moderately  high  pressure  and  high  temperatures  over  the  East  Gulf  and 
South  Atlantic  States.  This  condition  was  fulfilled  in  70  per  cent  of  the  cases 
and  failed  in  80  per  cent  A  few  of  the  highs  were  cool,  and  in  a  few  instances 
there  was  a  southeast  low  instead  of  a  high. 

5.  Northward  looping  of  the  isotherms  (surface  inversion).  This  was  true 
in  88  per  cent  of  the  cases,  with  only  12  per  cent  of  failure. 
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6.  Gentle  to  fresh  northerly  winds,  northwest  to  northeast,  increasing  by 
the  time  the  sleet  begins.  This  was  found  to  be  almost  uniformly  true.  The 
winds  were  rarely  light  and  even  less  frequently  strong. 

7.  Low-pressure  trough  between  two  highs,  trending  from  southwest  toward 
northeast  The  low  center  is  usually  moving  from  the  southwest,  but  some- 
times from  the  northwest. 

This  appears  to  be  a  general  rule  except  over  the  districts  from  the  South- 
western States  northeastward  through  the  Ohio  Valley,  where  the  trough  was 
absent  about  as  often  as  it  was  present 

SLEET   OB    SNOW,    WHICH? 

As  the  pressure  distribution  necessary  for  sleet  and  heavy  snow  is  much  the 
same,  it  is  obvious  that,  if  this  alone  were  considered,  many  forecasts  of  heavy 
snow  must  fail  because  sleet  would  fall  instead  of  snow.  Study  of  the  question 
has  developed  that  (1)  the  steep  temperature  gradients  to  the  northward  of 
the  storm  center  usually  preceding  sleet  formation  are  not  necessarily  present 
in  advance  of  heavy  snowfall,  and  (2)  what  is  a  much  more  important  and 
probably  the  essential  point  of  difference,  the  high  temperatures  over  the  Qulf 
and  South  Atlantic  States  that  appear  to  be  essential  to  sleet  formation  are 
absent  before  and  during  heavy  snows.  A  third  and  also  important  point  of 
difference  is  that  the  high  temperatures  over  the  Gulf  and  South  Atlantic 
States  that  precede  sleet  are  accompanied  by  southeasterly  to  southerly  winds, 
which,  coming  from  the  warm  water  surfaces,  carry  a  much  larger  water  con- 
tent than  winds  from  any  other  direction.  Out  of  S4  cases  of  sleet  29  were 
preceded  by  warm  southerly  winds  over  the  South  Atlantic  and  East  Gulf  States, 
while  out  of  48  cases  of  heavy  snows,  28  were  preceded  by  cool  weather  over 
the  South,  and  only  5  by  warm  weather. 

The  charts  accompanying  this  paper  show  the  annual  average  geographical 
distribution  of  sleet  storms  over  the  United  States  and  typical  sleet  conditions. 

Mr.  Henry.  Mr.  Chairman,  this  paper  is  an  exceedingly  interest- 
ing one  from  several  standpoints.  I  think  the  main  thought  which 
it  contains  is  that  the  precipitation  of  sleet  and  snow  is  simply  a 
question  of  temperature  distribution  in  an  area  of  low  pressure.  In 
olden  times  we  frequently  observed  on  the  weather  map  cases  of 
rainfall  with  temperatures  below  freezing,  say  26°  or  27°  F.  or 
thereabouts.  In  such  cases  it  has  been  clearly  shown  that  there  is 
a  stratum  of  warm  air  moving  from  the  southwest  to  the  northeast, 
and  that  the  thickness  of  that  stratum  of  air,  and  the  temperature, 
vary  considerably.  The  thickness  may  amount  to  as  much  as  a  mile 
from  the  top  to  the  bottom.  Of  course  this  warm  layer  is  above  the 
colder  surface  air,  and  when  we  see  rainfall  with  temperatures  so 
low  it  is  merely  because  of  the  warmer  air  above.  Water  vapor  has 
been  condensed  in  the  form  of  rain  in  the  warm  upper  air  and  falls 
through  the  colder  air  without  changing  its  form. 

The  new  matter  in  the  paper  is  the  development  of  the  idea  that 
the  temperature  of  the  southerly  surface  winds  determines  whether 
snow  or  sleet  will  fall.  In  many  cases  the  precipitation  will  be 
heavy  snow.    Later  on  it  will  turn  to  sleet.    Sometimes,  if  the  tem- 
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Weather  chart  8  a.  m.,  February  17, 1010. 
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Weather  ohait  8  a.  m.,  Feb.  10, 1016. 
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peratures  are  relatively  high  for  the  season,  the  precipitation  will 
continue  as  rain  throughout  the  storm. 

Mr.  Arctowski.  Let  us  suppose  a  given  temperature,  say  —5°  C, 
and  let  us  suppose  a  saturation  of  100  per  cent,  and  iogy  and  a 
wind  velocity  of  10  metera  Suppose  these  conditions  are  the 
same  to-day  as  they  were  yesterday.  Now,  let  us  suppose  that  we 
have  a  glass  tube  exposed  to  the  wind.  Yesterday  we  observed  ice 
crystals  forming  on  the  glass.  To-day,  with  the  same  temperature, 
—5^  C,  lOO'^  of  saturation,  the  same  fog,  and  the  same  wind 
velocity,  we  will  observe  the  formation  of  Glatteis.  Now,  why  is  it 
tliat  under  the  same  apparent  conditions  one  day  we  have  the  forma- 
tion of  crystalline  forms,  and  on  another  day  we  will  find  ice  forma- 
tion without  the  crystalline  structure?  This  question  bothered  me 
immensely  when  I  was  in  the  Antarctic.  There  we  had  such  condi- 
tions, and  every  day  obser\'ations  of  that  kind  were  made.  My 
assistants  Mr.  Dobrowolski,  devoted  very  much  time  in  trying  to 
solve  this  question,  but  did  not  succeed. 

Instead  of  a  temperature  of  —5°  C,  we  can  take  lower  tempera- 
tures, say  —15°  C,  and  will  still  have  the  formation  sometimes 
of  a  glaze  of  ice  in  some  conditions  of  fog,  and  at  other  times  a  frost 
formation.  I  should  like  very  much  to  know  if  Prof.  Frankenfield 
has  some  explanation  for  this  fact  I  think  it  may  be  that  the  cause 
is  due  to  the  peculiar  constitution  of  the  fog,  and  that,  according  to 
the  structure  of  the  fog  and  to  the  quantity  of  molecules  of  water  in 
each  drop,  we  will  have  one  or  the  other.  If  the  drops  of  the  fog  con- 
tain very  few  molecules,  those  molecules  will  be  able  to  crystallize 
much  more  easily.  If  the  drops  are  more  complex^  m<M:e  like  rain- 
drops, then  we  will  have  the  formation  of  the  glazed  surface  of  ice. 
Of  course  this  explanation  is  of  absolutely  no  scientific  value  for  the 
presents  but  it  is  simply  a  suggestion  for  further  observations  to  be 
made. 

Mr.  Brooks.  Mr.  Chairman,  I  should  like  to  offer  another  definition 
of  sleet,  which  seems  to  be  implied  by  the  general  description  of 
aleet  in  the  country.  Sleet  is  a  frozen  form  of  atmospheric  precipita- 
tion in  structure  intermediate  between  snow  and  hail.  This  sleet,  on 
the  one  hand,  is  denser  and  harder  than  snow  and  softer  than  hail. 
On  the  other  hand,  it  lacks  the  concentric  structure  and  is  generally 
smaller  than  true  hail.  The  formation  of  sleet  apparently  results 
most  commonly  from  the  partial  melting  of  snow  flakes  in  a  warm 
stratum,  followed  by  subsequent  freezing  in  a  cold  stratum.  Sleet, 
therefore,  generally  contains  a  predominance  of  snowflakes  and  so  is 
angular;  but  rarely  sleet  is  almost  spherical,  consisting  of  almost 
spherical  drops  of  ic^,  and  apparently  resulting  from  freezing  of 
raindropa 
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In  connection  with  storms  in  the  United  States  I  should  like  to  give 
a  very  brief  summary  of  some  of  the  storms  at  Blue  Hill  Observatory. 
Out  of  178  storms  studied  at  that  observatory  between  1888  and  1914, 
48  came  in  January,  46  in  February,  40  in  March,  27  in  December, 
10  in  November,  and  7  in  April.  The  extreme  dates  were  November 
8  to  10, 1894,  and  April  30, 1909.  The  temperature  during  one  storm 
ranged  as  low  as  13°  C,  below  zero,  or  9*^  F.  above  zero.  That  was 
the  extreme  limit  for  rain  falling  in  any  ice  storm. 

The  conditions  accompanying  ice  storms  can  be  classified  in  three 
ways,  commonly:  First,  when  warm  air  is  arriving  from  the  south, 
rising  over  cold  air  below,  formed  in  an  anticyclone.  This  condition 
happens  when  a  low  pressure  area  from  the  west-soutliwest  follows 
rapidly  an  intense  anticyclone. 

The  second  condition  occurs  when  you  have  a  northeast  wind  below 
a  south  wind.  On  one  occasion  at  Blue  Hill  there  was  a  south  wind 
blowing  for  several  hours,  and  from-  the  north  a  low  fog  was  seen 
to  come  in  off  Boston  Bay.  This  fog  rose  in  the  air.  and  then  the  rain 
which  started  to  fall  immediately  began  to  freeze.  The  temperature 
fell  from  40  to  below  freezing  as  soon  as  the  northeast  wind  with  its 
fog  overtopped  the  hill. 

The  third  condition  is  where  cold  air  pushes  in  from  the  northwest 
underneath  a  rain  cloud.  This  happens  most  frequently  when  an 
anticyclone  follows  immediately  after  a  cyclone.  That  is,  the  cold 
air  rises  before  it  stops  raining  from  the  clouds  above.  In  178  storms 
these  three  types  occurred,  sometimes  all  in  one  storm.  The  occur- 
rence of  the  northeast  type  was  116  times,  of  the  south  type  67  times, 
and  of  the  northwest  type  69  times. 

I  want  to  mention  that  the  weather  map  shows  that  yesterday 
there  was  a  slight  ice  storm  at  New  York.  There  was  a  cyclone 
south  of  the  anticyclone.  The  northeast  type  occurs  most  frequently 
when  there  is  a  cyclone  crowded  on  the  north  by  an  anticyclone. 
That  condition  was  true  yesterday. 

Mr.  Blaib.  I  should  like  to  speak  on  the  same  point  that  was 
brought  out  by  Mr.  Arctowski.  I  have  a  photograph  of  a  formation 
that  took  place  on  a  branch  in  about  14  or  15  hours.  During  this 
time  the  photograph  shows  that  there  was  a  succession  in  the  forma- 
tion of  ice  and  frost.  There  were  times  when  I  suppose  the  fog 
particles  were  large,  almost  like  very  fine  rain.  At  any  rate  there 
was  a  succession  of  dryness  and  wetness  in  the  fog,  which  seemed 
to  account  for  the  peculiar  formation. 

Another  point  of  which  I  want  to  speak  in  connection  with  the 
paper  relates  to  its  economic  aspect,  which  has  been  considered.  We 
have  observed  these  storms  at  Mount  Weather,  especially  in  their 
effect  on  fruit  and  forest  trees.     The  damage  done  the  trees  is  of 


Digitized  by  VjOOQIC 


ASTBONOKY,  METBOBOLOGT,  AKD  SBIBMOLOQY.  267 

two  sorts.  If  the  wind  is  very  high  after  the  storm  ceases,  the  small 
twigs  are  broken  off.  If  there  is  very  little  wind  after  an  ice  storm 
and  especially  if  there  is  bright  sunshine,  we  find  the  large  branches 
broken.  The  wind  whips  off  the  small  twigs,  because  of  the  weight 
of  the  ice,  but  when  the  wind  is  moderate  after  the  storm,  the  ice 
remains  on  the  trees  and  the  difference  in  the  expansion  of  the  heavy 
ice  coating,  and  the  expansion  of  the  branches  owing  to  temperature 
change,  results  in  the  breaking  of  very  large  branches.  I  have  seen 
branches  6  or  8  inches  in  diameter  broken  off  from  a  tree  in  this 
way.  The  weight  of  the  ice  was  not  anything  like  sufficient  to  pro- 
duce this  result,  and  I  assume,  therefore,  that  it  must  have  been  the 
difference  in  the  expansion  of  the  ice  and  the  wood.  I  think  the 
coefficient  of  expansion  of  the  ice  is  something  like  10  times  that 
of  the  branch. 

The  Chairman.  I  wish  we  had  more  time  to  discuss  the  matter 
of  the  definition  of  sleet.  There  is  a  great  deal  that  may  be  said 
about  the  use  of  the  word.  The  way  in  which  it  is  used  by  engineers 
and  others  very  largely  tends  toward  a  complication  of  the  condi- 
tions which  we  call  ice  storms.  Engineers  are  very  much  interested 
in  these  atmospheric  phenomena,  because  of  the  damage  to  trans- 
mission lines  and  other  structures,  and  they  nearly  always  apply 
the  word  "sleet"  to  the  condition  that  produces  this  damage.  It 
seems  therefore  necessary  that  scientists  should  accept  a  definition 
that  is  more  or  less  in  accord  with  the  popular  use  of  the  term. 

The  next  paper  on  the  program,  **  Forecasts  of  weather  favorable 
to  an  increase  of  forest  fires,"  is  by  E.  A.  Beals,  of  the  United  States 
Weather  Bureau,  Portland,  Oreg. 


FORECASTS   OF   WEATHER   FAVORABLE   TO    AN    INCREASE   OF 

FOREST  FIRES. 

By  EDWARD  A.  BEALS. 
District  Forecaster^  U.  8.  Weather  Bureau,  San  Francisco,  Cal, 

HISTORICAL. 

Forest  fires  have  occurred  ever  since  there  were  forests,  but  organized  efforts 
In  the  United  States  to  prevent  or  control  them  have  only  become  operative  In 
recent  years.  The  early  settlers  In  New  England  and  Pennsylvania  made  provi- 
sion among  their  laws  for  the  preservation  of  the  forests  (1),  but  these  laws 
did  not  long  survive,  as  a  revulsion  of  feeling  soon  took  place,  and  from  that 
time  to  this  the  forests  have  been  considered  an  enemy  rather  than  a  friend 
by  most  of  the  early  settlers  in  all  parts  of  the  United  States. 

Forest  protection  first  came  prominently  before  the  public  in  1873  (1),  when 
the  American  Association  for  the  Advancement  of  Science  passed  a  resolution 
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calling  upon  the  National  Government  to  investigate  the  forest  situation  in 
the  United  States  and  to  move  accordingly.  The  Commissioner  of  Agriculture 
organized  such  an  inquiry  in  1876,  and  since  that  time  various  laws  have  been 
adopted  by  Congress,  as  well  as  by  the  legislatures  of  different  States,  having 
as  their  object  the  conservation  of  forests. 

On  February  22,  1807,  the  President  set  aside  for  administrative  purposes 
some  22,000,000  acres  of  forested  land,  and  on  July  1,  1905,  after  some  revision 
of  boundaries  had  been  made,  It  all  came  under  the  supervision  of  the  newly 
created  Forest  Service,  which  was  assigned  a  place  in  the  Department  of  Agri- 
culture. Shortly  after  the  Forest  Service  was  organized  fire  protection  became 
a  leading  branch  of  work  among  its  olllcers,  and  within  the  last  10  years  great 
progress  has  been  made  in  the  efficiency  of  fire  protective  agencies,  which 
now  include  those  operated  by  different  States  and  associations  as  weil  as 
by  the  Forest  Service. 

As  a  matter  of  historical  interest,  attention  is  invited  to  the  fact  that  so 
long  ago  as  in  1882  the  Weather  Bureau,  then  known  as  the  Signal  Corps, 
published  a  detailed  report  on  the  Michigan  forest  fires  that  occurred  in 
1881  (2).  These  fires  destroyed  nearly  $2,000,000  worth  of  property  and  killed 
138  people.  The  (Government  report  coyering  these  losses  undoubtedly  did 
much  toward  awakening  the  public  to  the  necessity  of  taking  protective  meas- 
ures to  prevent  such  serious  calamities  in  the  future. 

The  cooperation  of  the  Weather  Bureau  in  forecasting  fire  weather  was 
first  requeste<l  of  the  honorable  Secretary  of  Agriculture  on  June  23,  1913,  by 
the  Western  Forestry  and  Conservation  Association,  but  shortly  prior  to  tills 
time  (June  20,  1913)  tentative  arrangements  had  l)een  made  with  the  district 
forecaster  at  Portland,  Oreg.,  to  furnish  the  district  forester  in  charge  of  the 
national  forests  in  Oregon  and  Washington  with  forecasts  of  high  east  winds 
when  the  conditions  were  favorable  tor  them.  The  forest  people  wanted  these 
forecasts  because  they  thought  that  by  being  Informed  in  advance  of  the 
occurrence  of  dangerous  winds  they  would  have  more  time  to  arrange  their 
forces  to  combat  resulting  fires  and  thereby  be  able  to  save  property  that 
otherwise  would  be  destroyed.  The  service  was  sanctioned  by  Prof.  Charles 
F.  Marvin,  Chief  of  the  Weather  Bureau,  on  July  12,  1913,  and  the  first  fore- 
cast was  issued  from  Portland,  Oreg.,  on  July  18,  1913. 

Notwithstanding  the  Weather  Bureau  took  an  early  interest  in  forest  fires, 
nothing  further  was  done  by  that  service  In  this  connection  until  1913,  and  the 
literature  on  the  Influence  of  weather  on  forest  fires  is  meager  except  in  the 
way  of  generalities,  and  generalities  are  of  very  little  scientific  value. 

dboi:ght8  and  hot  weathek. 

When  the  forest  litter  Is  wet  It  Is  hard  to  start  a  forest  fire ;  when  dry  It  is 
easy ;  therefore  a  prerequisite  of  a  forest  fire  is  a  drought  Drought  has  never 
been  defined  in  definite  terms,  but  the  common  meaning  is  long-continued  dry 
weather,  especially  so  long  continued  as  to  cause  vegetation  to  wither.  Vege- 
tation withers  when  deprived  of  moisture  and,  while  lack  of  rain  Is  essential, 
another  Important  factor  is  evaporation.  When  evaporation  is  rapid  the  Injuri- 
ous effects  of  dry  weather  are  intensified,  and  when  It  is  slow  they  are  miti- 
gated. The  amount  of  evaporation  depends  upon  a  number  of  things,  the  most 
important  of  which  from  a  meteorological  standpoint  are  humidity,  tempera- 
ture, wind,  and  barometric  pressure  (3). 

Evaporation  Is  accelerated  when  the  humidity  and  pressure  are  low  and 
the  temperature  and  wind  are  high.     As  there  are  no  means  of  correctly 
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measuring  evaporation  from  a  forest  cover,  it  is  necessary  to  consider  the 
factors  causing  rapid  evaporation  in  order  to  determine  the  extent  of  the  fire 
danger  to  which  a  forest  is  exposed.  Of  these  factors,  wliich  consist  of  low 
humidity,  low  pressure,  high  temperature,  and  liigh  wind,  the  Weather  Bureau 
furnishes  the  public  with  predictions  of  the  two  most  essential,  viz,  high  tem- 
peratures and  high  virinds. 

Of  the  remaining  factors,  that  of  \<M  pressure  exerts  a  minor  influence  on 
evaporation,  and  while  not  specifically  included  in  the  forecasts  the  areas  of 
low  pressure  are  usually  described  in  the  notes  accompanying  weather  maps, 
and  the  maps  show  their  location  as  well.  When  fire  weather  forecasts  are 
made,  the  locations  and  movements  of  both  the  low  and  high  pressure  areas 
are  included  in  each  forecast 

No  attempt  has  been  made  to  predict  humidity,  but  it  is  understood  by  the 
public  on  the  Pacific  slope  that  when  hot  weather  prevails  the  humidity  will 
be  low,  and  a  prediction  of  hot  weatlier  during  a  drought  practically  covers 
both  elements. 

High  winds  in  combination  with  drought  cause  far  greater  losses  through 
their  influence  in  fanning  the  flames  than  in  their  effect  on  evaporation ;  there- 
fore, they  should  be  treated  separately,  which  leaves  high  temperatures  during 
droughty  periods  as  one  of  the  principal  elements  requiring  attention  when 
making  predictions  of  weather  favorable  to  an  increase  of  forest  flres. 

HIGH    WINDS. 

Should  the  wind  increase  to  a  moderate  breeze,  or  stronger,  as  deflned  by  the 
Beaufort  scale.  It  is  almost  Impossible  to  extinguish  a  forest  fire.  Moderately 
high  winds  from  any  direction  are  dreaded  by  forest-fire  fighters,  but  in  the 
Pacific  States  those  from  an  easterly  direction  are  dreaded  more  than  those 
from  any  other  direction,  as  they  are  invariably  parching  winds  that  sap  the 
vitality  of  the  trees  and  rapidly  dry  out  the  leaf  litter  and  duff. 

There  are  three  classes  of  winds  on  the  Pacific  slope  that  blow  at  times  at 
as  great  or  at  a  greater  velocity  than  a  moderate  breeze.  They  are  cyclonic 
winds,  mountain  and  valley  breezes,  and  land  and  sea  breezes.  Both  the 
mountain  and  valley  and  the  land  and  sea  breezes  are  greatly  modified  by 
those  due  to  cyclonic  action. 

The  cyclonic  winds  can  be  forecast  without  much  difficulty,  but  the  varia- 
tions that  take  place,  both  in  their  direction  and  velocity,  on  account  of  the 
infiuence  of  other  breezes,  as  well  as  the  deflections  that  take  place  because 
of  topography,  usually  cause  unsatisfactory  veriflcations.  It  is  the  cyclonic 
winds  that  are  now  being  predicted  when  it  is  thought  they  will  be  sufficiently 
strong  to  be  the  dominating  factor,  and  by  sufficiently  strong  is  meant  winds 
having  a  velocity  of  15  or  more  miles  an  hour. 

7IBE8  CAUSED  BT  LIGHTNING. 

The  only  uncontrollable  cause  of  forest  fires  is  lightning,  which,  as  everyone 
knows,  is  the  distinctive  feature  of  thunderstorms.  One  would  think  that  the 
rain  attending  the  thunderstorm  would  put  out  any  fire  that  might  be  started 
by  lightning,  but  often  there  is  so  little  rain  that  this  is  not  the  case. 

Forest  Service  statistics  show  that  for  the  period  from  1908  to  1914,  inclusive, 
there  were  8,548  flres  known  to  have  been  started  by  lightning  in  the  national 
forests  in  Oregon,  Washington,  Alaska,  Montana,  Idaho,  Wyoming,  Colorado,  and 
the  western  portion  of  the  Dakotas,  which  makes  an  average  of  slightly  over 
500  a  year. 
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Very  little  has  been  done  by  the  Weather  Bureau  toward  predicting  the 
thunderstorms  that  create  the  lightning  which  sets  fire  to  forests,  for  the 
following  reasons:  Rapid  vertical  convection  of  humid  air  is  essential  to  the 
generation  of  thunderstorms,  and  Prof.  W.  J.  Humphreys  (4)  gives  three  ways 
In  which  this  circulation  can  be  established,  as  follows : 

(a)  Strong  surface  heating,  especially  in  regions  of  light  winds;  a  frequent 
occurrence. 

(6)  The  overrunning  of  one  layer  of  air  by  another  at  a  temperature  suffi- 
ciently lower  to  Induce  convection ;  well  nigh  the  sole  cause  of  ocean  thunder- 
storms, and  also  of  frequent  occurrence  on  land. 

(c)  The  underrunning  and  consequent  uplift  t)f  a  saturated  layer  of  air 
by  a  denser  layer;  a  friequent  occurrence  to  a  greater  or  lesser  extent,  and 
presumably  therefore  at  least  one  of  sufficient  magnitude  to  produce  a  thunder- 
storm. 

The  first  method  is  the  most  favorable  for  thunderstorms  in  mountainous 
regions  where  the  forests  are  situated,  and  weather  forecasting  is  not  far 
enough  advanced  to  make  satisfactory  predictions  of  this  class  of  storm& 
Thunderstorms  generated  by  the  second  or  third  method  can  generally  be 
predicted,  but  as  they  seldom  occur  during  the  season  for  fires  In  the  forested 
sections  west  of  the  Rocky  Mountains,  there  is  not  often  an  occasion  for  pre- 
dicting them. 

TYPES    OF    WEATHER    CAUSIIVG    FOREST    FIRES    TO    SPREAD    RAPIDLY. 

Figures  1»  2,  3,  and  4  illustrate  weather  conditions  prevailing  a  few  himrs 
prior  to  four  of  the  most  notable  forest  fires  in  recent  years,  and  each  one 
will  be  brlefiy  described.* 

The  Michigan  fire  caused  the  death  of  138  people  and  a  property  loss  which 
was  estimated  to  be  about  $2,000,000.  The  principal  burnt  district  was  in 
the  eastern  part  of  the  State,  between  Saginaw  Bay  and  Lake  Huron.  It  was 
during  the  early  afternoon  of  September  5,  1881,  when  the  fire  got  beyond 
control,  and  the  weather  map  for  that  day,  based  upon  observations  taken  at 
7  a.  m.,  Washington  time,  is  shown  In  figure  1. 

This  weather  map  discloses  a  common  type  of  cyclone,  of  no  great  energy, 
with  VHShaped  characteristics,  which  was  central  over  eastern  lAke  Superior. 
The  gradients  to  the  south  and  east  were  sufficient  to  cause  southwesterly 
winds  of  20  to  25  miles  an  hour  in  the  neighborhood  of  the  fire.  These  winds 
could  have  easily  been  predicted  on  the  preceding  day,  and  It  is  probable 
they  were,  as  the  low  pressure  area  was  then  central  over  the  Red  River 
Valley  of  the  North,  and  it  was  moving  along  the  usual  track  toward  the  Lake 
region.  The  fire  fighters  at  that  time  were  not  organized  to  take  advantage 
of  weather  predictions,  therefore  a  forecast  of  a  fresh  breeze  would  not  have 
been  of  much  benefit  If  it  had  been  made. 

The  Hinckley  fire,  while  comparatively  small  in  area,  caused  a  greats  loss 
of  lives  than  any  of  the  others;  the  persons  killed  numbered  418  and  the 
property  destroyed  was  valued  at  approximately  $1,000,000.  This  fire  occurred 
in  the  east  central  portion  of  Minnesota  on  September  1, 1894,  and  the  weather 
map  at  8  a.  m.  on  that  date  is  shown  in  figure  2.  The  cyclone  causing  the 
winds  was  central  over  western  North  Dakota  and  southern  Saskatchewan. 
The  gradients  to  the  southeast  were  such  as  to  cause  only  brisk  southwesterly 
winds  In  the  neighborhood  of  the  fire,  which  is  confirmed  by  a  maximum 
velocity  on  that  day  of  20  miles  from  the  southwest  at  Duluth,  Minn.,  only 
70  miles  away. 

The  weather  map  on  the  preceding  morning  disclosed  a  small  secondary  de- 
pression over  southeastern  Montana,  with  the  main  part  of  the  disturbance  Just 
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coming  within  the  field  of  obserration  to  the  northwest  The  winds  attend- 
ing this  cyclone  could  also  have  been  predicted  if  it  had  been  known  that  such 
a  prediction  would  have  served  any  useful  purpose,  which,  owing  to  the  lack 
of  organization  among  the  fire  fighters,  was  not  at  that  time  in  evidence. 

The  third  great  fire,  which  is  known  as  the  Columbia  fire,  occurred  on  the 
west  side  of  the  Cascade  Mountains  in  the  neighborhood  of  Portland,  Oreg. 
This  fire  had  been  burning  for  some  time,  and  it  was  under  more  or  less 
control  until  September  8,  1902,  when  the  winds  so  increased  that  the  fire 
fighters  could  not  prevent  its  onward  progress.  There  were  18  lives  lost  in  the 
Columbia  fire,  and. property  amounting  to  $12,7^,100  was  destroyed.  The 
maximum  wind  velocity  at  Portland,  Oreg.,  30  miles  from  the  fire,  was  24 
miles  from  the  northeast  on  the  day  the  fire  got  beyond  control. 

Figure  8  shows  the  meteorological  conditions  prevailing  on  the  morning  of 
September  8,  1902.  There  was  no  well-defined  cyclone  near  or  approaching 
the  region  where  the  fires  prevailed,  but  instead  that  locality  was  under  the 
Influence  of  a  large  anticyclone  which  was  central  over  the  State  of  Washing- 
ton. The  principal  cyclone  within  the  field  of  observation  on  that  day,  but 
which  Is  not  shown  In  the  figure,  was  trough-shaped,  and  It  extended  from 
the  Texas  Panhandle  northeastward  to  Lake  Superior,  with  the  greatest 
activity  In  the  latter  region.  The  gradients  causing  the  winds  that  affected  this 
forest  fire  sloped  toward  the  so-called  permanent  summer  low-pressure  area 
overlying  the  Interior  of  California. 

In  predicting  winds  under  the  conditions  prevailing  at  that  time,  the  fore- 
caster would  receive  his  first  Intimation  of  their  possibility  through  the  presence 
of  an  approaching  anticyclone,  rather  than  a  cyclone,  as  was  the  case  In  the  two 
preceding  Illustrations.  Furthermore,  as  anticyclones  are  usually  associated 
with  gentle  winds  (5),  the  prediction  of  high  winds  or  even  a  fresh  breeze 
under  these  conditions  presents  dlfiScultles  requiring  the  greatest  care  to  pre- 
vent the  prediction  from  being  a  failure.  Whether  the  winds  In  this  particular 
instance  were  predicted  Is  not  known  by  the  writer,  but  if  they  were  it  is 
doubtful  if  the  forecast  was  of  benefit  to  the  fire  fighters,  as  they  were  not 
much  better  organized  at  that  time  than  In  the  previous  cases  that  have  been  cited. 

The  fourth  and  last  great  fire  to  be  illustrated  occurred  In  northern  Idaho. 
It  burned  over  about  2,000,000  acres  of  woodland  and  killed  85  persons.  This 
fire  first  became  alarming  on  July  9,  1910,  when  a  hot  wind  from  the  southwest 
began  to  blow,  which  quickly  caused  the  fire  to  spread  beyond  the  trenches, 
and  It  continued  to  bum  furiously  until  the  supply  of  fuel  gave  out  on  the 
next  day. 

Figure  4  shows  the  weather  conditions  prevailing  the  morning  of  the  day 
when  the  winds  began  to  blow.  A  cyclone  was  central  over  the  Canadian 
Northwest,  and  the  front  of  an  anticyclone  was  Just  making  Its  appearance 
along  the  northern  California  coast  A  forecast  could  have  been  made  from 
the  data  on  this  map  for  a  moderate  southwest  breeze  during  that  afternoon, 
but  the  weather  map  Issued  on  the  morning  of  the  preceding  day  did  not  con- 
tain sufildent  Information  upon  which  to  base  a  prediction  of  anything  more 
than  light  winds,  while  the  maximum  wind  velocity  at  Spokane,  only  55  miles 
distant,  was  23  miles  from  the  southwest  on  the  day  in  question. 

From  the  foregoing  illustrations  It  can  readily  be  seen  that  the  dangerous 
conditions  In  every  case  were  due  to  a  small  Increase  In  the  velocity  of  the 
wind,  which  could  have  been  predicted  a  day  ahead  for  the  Michigan  and 
Hinckley  fires  and  probably  about  six  hours  ahead  for  the  others.  The  winds 
causing  the  rapid  q;>reading  of  three  of  the  fires  were  those  associated  with 
cyclones,  while  In  the  remaining  case  they  were  those  associated  with  antl- 
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cyclones.  The  latter  type  is  of  most  frequent  occurrence  as  well  as  the  most 
dangerous  in  Oregon,  Washington,  and  California,  because  the  winds  generated 
by  this  type  are  always  very  dry  and  warm. 


ACTUAL   FIRE    WEATHER 
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Fio.  6.— Weather  map  for  July  15, 1914,  8  a.  m.,  serflnty-Oftli  maridiln  tlma.   -.  iaoban;  O  c^'^r; 
3  partly  okmdy;  #  cloudy;  R  nin.    AnowB  fly  with  the  wind. 
SrsaAL  WABinNO.— High  over  Vaooouver  Island  morlog  alowly  eaatward;  low  oy«r  Saskatchewaa 
moving  slowly  southeastward.    Moderate  westerly  winds,  slowly  dlmtnlshhig,  veering  to  northerly 
and  probably  becoming!  northeasterly  Friday.    Steadily  risfaig  temperatore  for  next  three  days. 
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FiQ.  6.— Weather  inap  for  July  10,  1914,  8  a.  m.,  seveuy-flXth  meridian  time.  -.  isobars;  Q  ei^ar: 
O  partly  cloudy;  #  cloudy;  R  rain.  Arrows  fly  with  the  wind. 
SPECIAL  Warninq.— High  over  British  Columbia  moving  slowly  eastward;  low  over  upper  Missis- 
sippi Valley,  moving  slowly  eastward  and  barometer  relatively  low  over  California.  Gentle  northerly 
winds  to-day  and  to-night,  veering  to  northeast  Friday  and  increasing.  Warmer  Friday  and  oon- 
thiued  warm  Saturday. 
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Tio.  7.— Weather  map  (or  July  17, 1914,  8  a.  m.,  seventy-fifth  meridian  time.    —  isobars;  O  clear; 
3  partly  cloudy;  #  cloudy;  R  rain.    Arrows  fly  with  the  wind. 
Special  Warning.— Lai^e  high  extends  from  British  Columbia  southeastward  to  Nebraska  with 
sluggish  moTement  eastward;  low  over  California,  statiouary.    Moderate  north  to  northeast  winds 
to-day  and  Saturday;  continued  warm. 


Fio.  8  —Weather  map  for  July  18, 19U,  8  a.  m.,  Mventy-Afth  meridiaa  time.    -.  isobars;  O  oiiwt; 
O  portly  cloudy;  #  doudy;  R  rain.    Arrows  fly  with  the  wind. 
SraaAL  Wabnino.— High  has  separated  into  two  parts,  one  central  oyer  British  Columbia,  the 
other  over  Wyomhig;  low  over  CaliTomia,  sUtionary.    Light  variable  winds,  mostly  northerly  and 
continued  warm.    This  is  last  bulletin  unless  conditions  show  winds  will  incr^ise. 
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Fio.  0.— Weather  map  for  August  18, 1915,  8  a.  m.,  seTenty-flfth  merkUan  thus.   —  iiobars;  O  elean 
3  partly  okmdy;  #  eloudy;  R  rain.    Arrows  fly  with  the  wind. 
SraciAL  Wabitino.— High  over  British  Cohimbia  moring  slowly  eastward;  low  over  CaUfomia  sta- 
tionary.   Moderately  strong  north  to  northeast  winds  to-day  and  Thnrsday  with  oontinued  warm 
weather.    Applicable  only  to  western  Washington  and  northwestern  Oregon. 


Fio.  10.— Weather  map  for  Aogost  10, 1015, 8  a.  m.,  sevoaty-Af th  meridian  time.  —  Isobars;  O  etov! 
3  partly  eloody;  #  eloady;  R  rain.  Arrows  fly  with  the  whid. 
Spioal  Wabitino.— Situation  practioally  unchanged  from  yesterday.  High  over  British  Oohimbia 
movfaig  eastward;  low  over  California,  stationary.  Moderate  northerly  to  northeasterly  winds  to4iight 
and  Friday;  contfaiaed  warm.  Applicable  only  to  western  half  of  Washington  and  northwest 
quarter  of  Oregon. 
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Fio.  11.— WeaOMT  map  lor  August  20, 1015»  8  a.  m.,  seTenty-ftfth  mcridten  time.   —  iaoban;  O  clatr; 
3  partly  dondy;  #ol<Nidy;  Rraln.    Arrows  fly  with  the  wind. 
SmzAL  WAXMoro.— No  matvial  change  in  fire  haiard  sittiatSon.   High  ovar  British  Colombia  mov- 
ing slowly  eastward;  low  orer  California,  nearly  stationary.    Gentle  to  moderate  northeriy  hreeses; 
oontinaed  warm  with  low  hnmidity  next  twenty-four  to  forty-eight  hoars. 


Tig.  12.~Weathflr  map  for  August  21, 1915, 8  a.  m.,  seventy-fifth  meridian  thne.   —  isobars;  O  dear; 
3  partly  cloudy;  #  oloody;  R  rain.    Arrows  fly  with  the  wind. 
Spboal  WABiriNO.—Fire  hasard  oondition  will  be  less  intense  Sunday.    Winds  will  shift  to  westerlj 
with  lower  temperatures  and  greater  humidity. 
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Although  the  forecasting  of  fire  weather  began  In  the  North  Pacific  States 
during  the  summer  of  1913,  It  was  not  until  the  summer  of  1914  that  sufficient 
study  had  been  given  the  subject  to  warrant  forecasts  of  this  class  being  syB- 
tematlcally  made.  Figures  5  to  12,  Inclusive,  Illustrate  the  weather  conditions 
prevailing  when  two  series  of  actual  fire  weather  forecasts  were  Issued ;  one  In 
1914  and  the  other  In  1915.  The  forecasts  as  made  are  appended  at  the  bottom 
of  each  map,  and  they  are  arranged  In  sequence ;  those  numbered  5,  6,  7,  and  8 
covering  a  period  of  dangerous  weather  In  1914,  and  those  numbered  9,  10,  11» 
and  12  a  similar  period  In  1915. 

Reports  were  received  from  the  field  showing  that  these  forecasts  were  for 
the  most  part  verified  and  that  they  were  of  benefit  to  the  fire  fighters,  but  no 
one  knows  better  than  myself  that  there  Is  room  for  improvement,  and  more 
study  win  have  to  be  given  the  subject  before  any  great  advancement  can  be 
made  In  predicting  weather  favorable  for  the  spread  of  forest  fires. 

PRESENT   CONDmON    OF  THE   FIBE   WEATHER   FORECASTING    SERVICE   IN    THE   NORTH 

PACIFIC    STATES. 

The  present  condition  of  the  fire  weather  forecasting  service  In  the  North 
Pacific  States  can  be  summed  up  as  follows : 

The  season  for  forest  fires  Includes  July,  August,  and  the  first  half  of  Sep- 
tember, though  fires  sometimes  occur  In  May  and  June. 

When  dry  weather  has  prevailed  for  a  sufficient  period  to  make  forest  fires 
possible,  which  question  Is  determined  empirically,  forecasts  are  issued  when 
the  conditions  are  favorable  for  fresh  breezes  or  for  a  spell  of  hot  weather. 

Especial  pains  are  taken  to  forecast  fresh  or  brisk  north,  northeast,  or  east 
winds,  as  they  are  always  attended  by  low  humidity,  and  are  more  dangerous 
on  that  account  than  those  from  any  other  direction. 

Each  forecast  Is  worded  to  show  (a)  position  of  the  dominating  high  and 
low  pressure  areas,  (b)  apparent  direction  and  speed  of  their  movements, 
(c)  character  of  winds  and  temperature  expected  for  as  long  a  period  ahead 
as  possible,  and  (d)  such  cautionary  advice  as  thought  necessary. 

Fire  weather  forecasts  are  telegraphed  at  Government  expense  to  district 
foresters  and  to  the  chief  wardens  of  forest  protective  associations,  and  by 
them  distributed  to  their  men  as  they  see  fit 

WHAT  IS  NEEDED  TO  IMPBOVE  THE  SERVICE. 

In  advancing  opinions  as  to  what  should  be  done  to  Improve  the  service,  the 
conditions  In  the  North  Pacific  States  are  alone  considered.  Other  districts 
very  likely  will  require  treatment  modified  according  to  their  especial  needs. 

Knowledge  regarding  the  weather  that  prevails  In  the  forests  Is  meager,  aa 
the  reporting  stations  are  all  In  the  valleys,  often  many  miles  away,  and  the 
few  cooperative  stations  In  the  forests  are  only  equipped  with  rain  gages  and 
thermometers.  The  first  essential,  therefore,  is  to  divide  the  territory  into  con- 
venient units,  when  a  careful  meteorological  survey  of  each  should  be  made. 

This  survey  should  show  during  the  forest-fire  season  the  prevailing  winds, 
their  hourly  velocity,  the  frequency  of  gales,  dally  precipitation,  periods  of 
drought  measured  on  a  uniform  scale,  the  dally  a.  m.  and  p.  m.  humidity,  the 
maximum  and  minimum  temperatures,  and  if  possible  the  daily  rate  of  evapora- 
tion. In  addition  observations  of  thunderstorms  and  other  natural  phenomena 
should  be  made.  These  data  when  obtained  should  be  graphically  repre- 
sented on  charts,  and  correlated  with  those  forest  conditions  that  tend  to 
increase  or  diminish  the  fire  hazard,  such  as  Infiammablllty,  risk,  controllability. 
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liability,  and  safety.  When  this  has  been  done  it  will  be  possible  to  determine 
when  an  emergency  exists  which  will  make  necessary  the  dissemination  of  fire- 
weather  forecasts,  should  the  weather  conditions  from  that  time  on  justify 
their  being  made.  Also  there  will  be  data  available  which  will  enable  the 
forecaster  to  adjust  his  forecasts  to  meet  conditions  In  more  restricted  localities 
than  at  present. 

As  an  illustration  of  what  could  be  done  along  these  lines,  an  extract  from 
an  unpublished  report  (6)  by  Forest  Supervisor  W.  L.  Merritt  and  Mr.  W.  J. 
Sproat  from  data  obtained  without  instruments  in  the  Deschutes  forest  and 
Deschutes  division  of  the  Paulina  forests,  follows: 

1.  The  normal  wind  movement  seems  to  be  from  an  eastern  direction  in  the 
morning  and  early  forenoon,  and  from  a  western  one  in  the  afternoon.  Severe 
winds  almost  invariably  blow  from  some  westerly  direction,  and  not  from  the 
east  as  has  sometimes  been  stated.  General  eastern  winds  apparently  are  not 
dangerous  in  this  locality. 

2.  Generally  the  wind  dies  down  at  night  and  does  not  become  severe  until 
about  10  a.  m.  the  next  day.  Every  effort  should  be  made,  therefore,  to  con- 
trol fires  before  that  hour  of  the  morning. 

3.  It  is  thought  the  winds  are  not  extremely  dangerous  until  after  the  velocity 
exceeds  about  15  miles  an  hour.  When  the  rate  is  this  amount  or  more  it  is 
extremely  difficult  to  control  fires  that  may  be  burning. 

4.  A  study  of  the  chart  of  general  conditions  in  Oregon  and  a  general  knowl- 
edge of  the  topography  and  conditions  throughout  the  eastern  portion  of  the 
State  seem  to  indicate  that  severe  windy  periods  come  after  the  high-desert 
region  has  become  excessively  heated  during  the  period  of  high  temperatures, 
causing  low-pressure  areas  and  resulting  in  a  strong  wind  movement  toward 
the  east 

5.  Although  no  smoke  records  were  kept  last  summer,  it  was  our  general 
observation  that  smoky  conditions  were  coincident  with  severe  windy  periods, 
no  doubt  due  to  the  fact  that  eastward  air  nio.oments  brought  in  smoke  from 
the  west  slope  of  the  Cascade  divide. 

6.  It  is  probable  there  is  some  relation  between  lightning  storms  and  the 
causes  which  precede  severe  windy  periods.  Since  no  records  were  kept  of 
lightning  storms  last  summer,  however,  this  point  can  not  be  stated  vrtth 
certainty.    Lightning  records  will  be  kept  during  the  coming  season. 

In  another  part  of  the  report  by  Messrs.  Merritt  and  Sproat,  mention  is  made 
that,  "although  the  wind  records  for  that  day  did  not  show  that  the  conditions 
were  bad,  the  wind  really  blew  very  hard  at  the  fire  itself."     * 

It  Is  well  known  that  forest  fires  cause  strong  convectional  currents  and 
that  inflowing  surface  winds  result  therefrom  of  greater  or  less  velocity  (7). 
This  Interesting  phenomenon  should  be  thoroughly  investigated,  as  next  to 
nothing  is  now  known  regarding  the  area  surrounding  fires  that  is  thus 
affected. 

Dry  periods  are  not  classified  and  published  by  the  Weather  Bureau,  and, 
furthermore,  there  are  at  present  only  a  few  places  in  the  forests  where  a 
record  of  the  weather  is  kept;  therefore,  very  little  is  known  regarding  actual 
periods  of  drought  in  the  timbered  regions  west  of  the  Rocky  Mountains.  That 
rainfall  on  the  Pacific  slope  Increases  with  altitude  is  well  known,  also  that  the 
forests  in  that  section  are  nearly  all  located  on  the  sides  of  mountains,  con- 
sequently the  rainfall  in  the  valleys  some  distance  away  is  a  poor  guide  upon 
which  to  base  an  estimate  of  the  amount  that  falls  in  the  more  elevated  regions 
where  the  forests  are  situated. 

The  establishment  of  weather  stations  on  mountain  slopes  where  there 
are  forests  is  difficult  of  accomplishment,  unless  the  observers  are  paid  a  salary 
Bufficietit  to  make  the  observation  work  their  chief  occupation,  and  to  do  this 
would  so  increase  the  cost  as  -to  make  the  service  prohibitive.  There  are  so 
few  settlers  in  forested  regions  that  it  Is  seldom  possible  to  obtain  the  services 
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of  a  good  observer  who  is  willing  to  undertake  tlie  work  of  keeping  a  weather 
record  without  pay.  The  forest  rangers  are  not  available,  as  the  nature  of 
their  work  keeps  them  away  from  their  homes  a  good  part  of  the  time,  and 
especially  is  this  the  case  during  the  season  for  forest  fires,  when  it  is  most 
important  that  no  breaics  occur  in  the  weather  records. 

It  is  possible,  however,  from  time  to  time  to  obtain  good  observers  in  the 
forests  who  are  willing  to  serve  without  imy,  and  when  such  an  opportunity 
occurs  it  is  believed  a  weather  station  should  at  once  be  established,  as  the 
cost  of  the  instruments  and  blanks  Is  small  when  compared  with  the  value 
of  the  data  obtained. 

Temperature  data  obtained  in  the  cities  will  represent  fairly  well  the  condi- 
tions prevailing  in  the  forests,  at  least  to  the  extent  that  when  the  weather 
is  warm  in  the  cities  It  will  be  relatively  warm  in  the  forests  and  vice  versa. 
It  will  not,  therefore,  be  necessary  to  establish  as  many  stations  for  recording 
temperature  in  the  forests  as  it  will  for  recording  rainfall. 

The  percentage  of  fires  started  by  lightning  is  large,  but  the  hazard  from 
this  cause  is  not  so  great  as  indicated  by  statistics,  as  lightning  seldom  sets  fire 
to  a  green  tree  (8).  After  the  snags  and  stubs  are  removed  the  danger  of 
forest  fires  from  lightning  will  be  greatly  reduced.  It  will,  however,  take 
many  years  to  remove  the  dead  trees  from  forested  areas,  and  careful  records 
of  thunderstorms  should  be  made  for  some  time  to  come. 

Thunderstorms  In  mountains  are  most  frequent  during  the  afternoon,  and 
they  are  especially  liable  to  occur  near  the  end  of  two  or  three  days  of  hot 
weather  (4).  After  sufildent  data  have  been  secured  it  may  be  possible  to 
predict  the  days  when  and  the  places  where  they  are  most  likely  to  occur. 

OONCLUSIONS. 

According  to  forest  service  statistics  (9),  forest  fires  in  the  United  States 
have  caused  an  annual  loss  of  about  70  human  beings,  the  destruction  of  trees 
worth  at  the  very  least  $25,000,000,  and  the  loss  of  stock,  crops,  buildings,  and 
other  Improvements  to  the  amount  of  many  millions  more.  Forest  fires  under  the 
present  system  of  control  seldom  cause  much  loss,  except  when  the  wind  in- 
creases to  15  miles  or  more  an  hour,  when  it  is  impossible  to  extinguish  them. 

Advanced  Information  of  when  to  expect  winds  of  this  character  will  enable 
those  in  charge  of  putting  out  forest  fires  to  increase  their  fire  crews,  stop 
burning  permits,  and  to  take  other  precautionary  measures  which  might  be 
the  means  of  preventing  destructive  fires;  therefore,  it  is  l>elleved  that  the 
effect  of  weather  on  forest  fires  is  deserving  of  careful  study  by  meteorologists 
in  all  parts  of  the  world,  and  especially  by  those  In  the  United  States,  that  a 
way  be  devised  to  improve  the  forecasts  of  wind  as  well  as  the  forecasts  of 
other  elements  that  cause  an  increase  in  the  number  of  forest  fires. 
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Note. — Credit  is  due  Mr.  Floyd  D.  Young  for  preparing  the  weather  maps 
shown  in  figures  5  to  12,  inclusive,  most  of  which  were  drawn  by  him  outside 
of  office  hours.  For  this  service  the  writer  desires  to  express  his  grateful 
appreciation. 

JThe  Chairmak.  I  think  perhaps  the  members  have  not  realized, 
because  of  the  modest  manner  in  which  Mr.  Beals  has  presented 
his  subject,  that  he  himself  is  one  of  the  foremost  workers  in  the 
application  of  forecasts  to  the  prevention  of  forest  fires.  The  work 
in  a  certain  sense  has  originated  in  his  district,  at  Portland,  Oreg. 
The  paper  again  illustrates  the  tremendous  economic  advantage  of 
meteorological  work  in  conservation.  I  ho^e  the  paper  wiU  be  fully 
discussed. 

Mr.  Wells.  Mr.  Chairman,  Mr.  Beals  mentioned  the  difficulty  of 
getting  accurate  meteorological  data  in  the  forests,  and  referred  to 
the  fact  that  all  the  stations  are  in  the  valleys.  I  may  mention  in 
this  connection  that  in  northern  Idaho,  a  part  of  the  territory  which 
Mr.  Beals  covers  with  these  forecasts,  there  was  established  during 
the  summer  of  1915  a  chain  of  lookout  stations.  These  stations  will 
be  manned  by  representatives  of  the  Forest  Service  during  the  sum- 
mer, particularly  during  the  period  of  fire  hazard,  and  we  have 
supplied  a  number  of  these  stations  with  the  cooperative  observer's 
outfit — ^maximum  and  minimum  thermometers,  rain  gauges,  and  other 
instruments  of  that  sort.  I  believe  that  it  would  be  best  to  install 
anemometers,  and  to  keep  a  record  of  the  velocity  of  the  wind.  That 
would  mean  that  it  would  be  necessary  to  send  a  trained  meteorolo- 
gist there  occasionally  to  inspect  the  anemometers  and  see  that  the 
records  were  properly  kept.  I  do  not  think  the  record  would  be 
satisfactory  unless  it  were  supervised  in  that  way,  but  I  feel  that  it 
would  be  well  worth  while  to  do  just  that  thing. 

Mr.  Henry.  Mr.  Chairman,  it  seems  to  me  that  Mr.  Beals  is 
attempting  a  very  highly  specialized  kind  of  forecasting.  The  con- 
ditions that  produce  forest  fires  on  the  Pacific  coast  are  not  the 
conditions  which  are  found  in  the  East.  The  problem  seems  to  be 
one  that  can  best  be  solved  by  the  forecaster  himself.  I  do  not 
believe  that  lookout  stations  will  be  of  much  assistance  in  the  matter. 
It  is  clearly  a  meteorological  problem,  and  whether  or  not  these  high 
winds  will  occur  depends  not  so  much  on  the  local  conditions  as 
upon  the  conditions  over  a  widely  extended  area.  We  must  rather 
depend  on  telegraphic  reports  from  widely  separated  points  for  the 
proper  presentation  of  the  pressure  distribution  which  will  cause 
these  winds.    Therefore,  I  think  the  problem  can  best  be  solved  by 
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reports  upon  the  pressure  distribution  as  shown  by  the  synoptic 
weather  chart. 

Mr.  Beals.  It  is  true,  as  Prof.  Henry  says,  that  this  is  a  meteoro- 
logical problem ;  but  our  trouble  is  to  get  the  direction  of  the  winds 
and  their  velocity,  which  is  influenced  by  the  different  valleys 
through  which  the  winds  flow  and  the  different  elevations;  and  unless 
we  have  some  knowledge  of  the  climatology  of  these  valleys  we  can 
not  adjust  the  forecast  to  meet  the  conditions  in  restricted  districts, 
where  they  expect  the  information  to  be  as  reliable  as  possible. 
There  is  every  reason,  therefore,  why  we  should  make  this  investiga- 
tion, to  see  what  effect  topography  has  upon  the  flow  of  the  wind. 

The  Chairman.  If  there  is  no  further  discussion  we  will  let  that 
paper  close  the  session  for  this  morning.  Subsection  B  will  now 
stand  adjourned  until  2.30  to-morrow  afternoon. 
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Caknegie  Institution, 
Friday  morning^  Decemiber  31^  1916. 
Chairman,  Robert  S.  Woodward. 
The  meeting  was  called  to  order  at  10  o'clock  by  the  chairman. 
The  Chairman.  The  first  address  o{  this  session  will  be  by  Prof. 
E.  W.  Brown,  of  Yale  University,  on  "The  determination  of  the 
earth's  shape  by  simultaneous  observations  in  North  and  South 
America." 


DETERMINATION  OF  THE  EARTH'S  SHAPE  BT  SIMULTANEOUS 
ASTRONOMICAL  OBSERVATIONS  IN  NORTH  AND  SOUTH 
AMERICA. 

By  ERNEST  BROWN, 
Professor  of  Mathematics,  Yale  University,  New  Haven,  Conn. 

The  title  of  the  paper  to  a  certain  extent  Indicates  the  subject,  but  only 
partlaUy.  As  some  of  you  know,  I  have  been  engaged  for  a  good  many  years 
on  the  motion  of  the  moon,  and  as  the  gravitational  work  on  that  question  Is 
practically  finished,  the  time  has  come  to  see  whether  we  can  not  make  some 
use  of  It  In  directions  not  absolutely  connected  with  astronomy.  One  of  these 
directions,  It  seems  to  me.  Is  the  determination  of  the  shape  of  the  earth,  or 
In  other  words,  using  the  familiar  technical  phrase,  to  find  what  Is  the  elllp- 
ticlty  of  the  earth  by  observations  on  the  moon.  This  Is  being  made  possible 
In  two  ways,  first  by  the  photographic  determination  of  the  moon's  position, 
which  has  been  worked  out  observatlonally  at  Harvard,  and  mathematically 
by  Prof.  Russell,  of  Princeton,  and  enables  us  to  get  the  moon's  position  with 
an  accuracy  at  least  equal  to  that  obtained  at  Greenwich;  this  accuracy  can 
be  obtained  with  a  comparatively  Inexpensive  equipment  at  any  observatory. 

The  second  depends  on  the  question  of  the  determination  of  the  moon's 
parallax  by  gravitational  methods.  The  matter  Is  quite  simple.  I  have  put  the 
two  formula  down  on  the  board  here.    They  are : 


(M'' 


The  former  is  really  one  of  Kepler's  laws,  which  comes  directly  out  of  the 
law  of  gravitation;  the  latter  also  comes  from  the  law  of  gravitation  applied 
to  an  ellipsoidal  earth.  If  I  take  these  two  formulie  and  divide  one  by  the 
other,  I  get  this  formula: 


(r)-- 


•Si  •   ^"""JB  (A) 
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n,  the  aogular  velocity  of  the  moon,  is  known  with  extreme  accuracy  from 

observations  of  the  moon  extended  over  a  large  number  of  centuries;  g,  the 

acceleration  produced  by  gravity  we  know  all  about ;  r,  the  radius  of  the  earth, 

we  know  with  great  accuracy  also,  through  various  methods  which  I  need  not 

mention,  so    that  we    can    get    the  ratio  of  n*  to  gr  with    great    accuracy. 

The  term  l-hfce  is  due  to  the  shape  of  the  earth;  e  is  the  ellipticity  of  the 

earth,  and  observation  gives  for  it  values  ranging  from  ^jr  to  7^.     Now  you  can 

a 
very  well  see  if  we  know  everything  in  this  equation  except  j  and  e,  the  last 

equation  gives  a  relation  between  them.    Suppose  that  e  is  unknown.    If  we 

have  any  method  of  getting  the  quantity  —  or  ~»  the  parallax  of  the  moon, 

r         a 

then  we  can  determine  e  exactly;  and  conversely,  if  we  know  c,  we  can  get 
this  quantity.  There  are  only  two  quantities  involved,  and  if  we  know  one  of 
them,  we  can  get  the  other. 

When  the  ellipticity  of  the  earth  is  known,  the  problem  is  largely  one  of  the 
gravitational  determination  of  the  parallax.  How  that  quantity  varies  as  we 
change  the  ellipticity  as  seen  in  this  table: 


e-» 

Cape- 

Formula 

Oreenwich. 

(A). 

293 

3422".  60 

3422.58 

294 

.54 

.57 

295 

.48 

.65 

396 

.42 

.54 

297 

.36 

.53 

The  second  column  shows  the  values  deduced  from  the  determination  of 
the  moon's  parallax  by  simultaneous  observations  at  Greenwich  and  the  Gapb. 
I  have  put  down  a  number  of  values  of  the  ellipticity,  ranging  from  -^  to 
•jVt  and  I  have  given  the  gravitational  values  corresponding  to  these.  Within 
the  range  which  is  admissible,  the  parallax  of  the  moon  will  then  vary  only 
a  few  hundredths  of  a  second,  with  a  range  of  four  units  in  the  ellipticity. 

The  next  question  comes  up  about  the  observational  determination  of  the 
moon's  parallax.  I  need  say  very  little  about  that  Most  of  you  are  familiar 
with  astronomical  observations,  and  this  is  astronomically  a  very  simple  obser- 
vation. To  put  the  matter  briefly,  we  determine  the  moon's  parallax  by  simul- 
taneous observations  In  different  parts  of  the  earth.  We  take  observations  at 
two  points  on  the  earth's  surface.  If  we  know  the  distance  between  them, 
by  the  two  observations  we  have  measured  a  certain  angle  and  thus  obtained 
the  distance  of  the  moon. 

However,  it  is  necessary  to  reduce  that  distance  to  the  Equator.  What  we 
actually  determine  is  the  angle  between  the  plumb  line  at  each  place  and  the 
direction  of  the  moon.  We  do  not  determine  the  angle  between  the  line  joining 
the  direction  of  the  moon  and  the  radius  of  the 'earth.  I  shall  draw  this  figure 
of  the  earth  now  as  an  ellipsoid,  much  exaggerated,  of  course,  in  order  to  show 
the  point  Here  is  one  place  of  observation,  and  here  Is  the  moon  In  that 
direction.  You  will  understand  that  I  am  only  taking  the  main  essentials  of 
the  thing,  and  am  omitting  a  good  many  details.  What  we  wish  to  do  is  to 
reduce  the  distance  that  we  get  from  the  places  of  observation  to  the  moon 
to  a  distance  reckoned  on  the  Equator.  In  order  to  do  that  I  must  draw  the 
angle  between  the  plumb  line  and  a  line  Joining  this  point  of  observation  to 
the  center  of  the  earth. 

Now  if  this  is  a  perfect  ellipsoid  and  no  Inequalities,  this  angle  depends  di- 
rectly on  the  ellipticity.  a  simple  formula  perfectly  well  known,  which  I  need 
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not  go  into.  So,  if  we  knew  tlie  exact  ellipsoid  or  spheroid  which  constitutes 
the  shape  of  the  earth,  we  should  be  able  to  determine  the  distance  of  the  moon 
by  this  method  with  the  accuracy  which  the  observations  themselves  will 
furnish.  We  have  then  a  means  of  determining  the  distance  of  the  moon  from 
observations  witli  an  accuracy  which  varies  according  to  the  number  of  obser* 
vations  we  have. 

Here  I  come  to  the  chief  part  of  my  paper.  One  of  the  chief  troubles  is  that 
the  latitude  of  a  place  is  determined  by  the  angle  between  the  plumb  line,  or 
the  level  of  the  place,  and  the  direction  of  a  particular  set  of  stars.  We 
always  use  the  plumb  line.  Now,  the  earth  is  not  perfect.  In  every  place 
practically,  the  plumb  line  is  not  in  line  with  the  normal  of  the  ellipsoid. 
There  are  mountains,  there  are  depressions,  and  so  forth,  so  that  we  can  not 
always  tell  which  way  the  plumb  line  goes,  even  when  we  know  the  shape  of 
the  adjacent  district  The  only  way  we  can  get  It  is  to  take  a  large  number 
of  observations  over  a  considerable  area.  I  will  refer  to  that  again  in  a  mo- 
ment What  we  need  is  the  relation  between  the  plumb  line  at  the  place,  and 
the  normal  to  the  average  ellipsoid  which  goes  through  the  earth.  If  we  can 
get  that  we  have  a  means  of  getting  the  observational  determination  of  the 
distance  of  the  moon  by  direct  observation  at  two  places.  The  last  determina- 
tion of  that  kind  that  has  any  considerable  degree  of  accuracy  was  made  over  a 
period  of  five  years  between  the  Gape  of  Good  Hope  and  Greenwich.  Those 
observations  were  published  in  the  Monthly  Notices  about  five  years  ago,  and 
I  have  put  down  the  results.-  If  I  recollect  I  said  that  when  you  wished  to 
get  what  is  called  the  equatorial  horizontal  parallax  of  the  moon,  you  have 
to  multiply  by  a  factor  which  depends  on  the  elllptidty  of  the  earth,  and  accord- 
ing as  you  use  different  values  of  the  ellipticity,  you  will  get  different  values 
of  the  moon's  parallax.  In  the  second  column  of  the  table  to  which  I  have 
referred  are  the  different  values  corresponding  to  the  different  values  of  the 
^ipticity ;  in  the  third  are  those  arising  from  observation  reduced  to  the  center 
of  the  earth  with  the  corresponding  values  of  the  ellipticity.  The  last  has 
errors  of  observation  which  are  inseparable  from  ordinary  lunar  observations. 
You  notice  that  two  of  the  values  come  near  together.  That  is  not  so  impor- 
tant for  my  purposes  as  the  next  point  to  which  I  wish  to  call  attention. 

As  the  ellipticity  varies,  one  figure  changes  very  slowly  and  the  other  five 
or  six  times  as  fast  If  I  could  get  by  any  means  observationally  the  value  of 
the  parallax  to  within  say,  one-twentieth  of  a  second,  by  comparison  with  this 
I  could  get  the  ellipticity  of  the  earth  to  the  nearest  unit  with  practical 
certainty,  the  point  being  that  the  observational  value  changes  so  much 
more  rapidly  than  the  gravitational  value,  and  therefore  the  comparison  enables 
us,  knowing  the  parallax,  to  get  the  ellipticity  of  the  earth.  We  could  proceed 
to  work  and  do  this  at  once  if  we  had  the  necessary  relation  between  the  plumb 
line  at  the  place  and  the  average  ellipsoid  of  the  earth.  There  is  the  diflElcult 
point  Greenwich,  of  course,  is  connected  up  by  an  accurate  triangulation  and 
a  large  number  of  latitude  stations,  so  that  we  know  with  very  high  accuracy 
the  relation  between  the  plumb  line  at  Greenwich  and  the  average  normal 
to  the  ellipsoid.  At  the  Cape  there  are  recent  surveys  that  have  been  carried 
out  and  the  station  errors,  as  they  are  called,  are  determined  with  high  ac- 
curacy at  both  places.  Oonsequently  it  is  possible  to  get  the  value  of  the. 
tillptlcity  of  the  earth  with  considerable  accuracy  firom  the  Cape-Greenwich 
observations. 

The  Cape-Greenwich  observations  were  simply  meridianal  observations,  which 
demand  much  labor  and  are  subject  to  numerous  errors.  What  I  am  propos- 
ing Is  tliat  we  should  use  the  photographic  method,  which  as  I  said  before,  re- 
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quires  only  comparatively  Inexpensive  equipment  and  very  little  skilled  labor, 
at  any  rate  in  the  field  or  in  the  observatory.  I  propose  that  we  should  try  and 
get  this  quantity  from  observations  in  North  and  South  America.  Harvard 
XTnlversity  is  already  equipped  and  has  the  requisite  Instruments  to  make  the 
observations.  In  fact  it  has  l)een  obtaining  these  observations  for  some  years 
past,  and  Prof.  Russell  only  the  other  day  put  out  a  number  of  the  Harvard 
Annual  giving  the  results.  They  are  a  little  more  accurate  than  the  best 
Greenwich  observations.  What  we  want  is  an  observatory  in  South  America 
on  practically  the  same  meridian  as  Harvard  whidi  shall  do  the  same  thing. 
Now  there  is  no  difficulty  about  an  observatory  in  South  America,  more  particu- 
larly in  the  Argentine.  There  are  a  number  of  places  which  are  very  dose  to 
the  meridian  of  Harvard  which  would  satisfy  all  our  requirements.  The  dif- 
ficulty at  present  is  the  fact  that  we  do  not  know  the  station  errors  of  the  various 
places  in  the  Argentine  which  might  be  proposed.  Up  to  the  present  time  no 
topographical  survey  has  been  made  so  far  as  I  am  aware  which  includes 
latitude  stations  of  sufficient  number  so  that  we  may  average  ov^  a  consider- 
able area  the  errors  of  the  different  localities,  and  therefore  know  with  hi^ 
probability  what  is  the  station  error  of  the  plumb  line  at  any  one  place  within 
a  second  of  arc  That  is  what  we  really  require.  It  is  not  very  high  accuracy. 
As  soon  as  that  is  done,  an  equipment  costing  perhaps  $4,000  for  two  identical 
instruments,  with  a  year's  work  or  work  for  a  year  and  a  half,  taking  photo- 
graphs of  the  moon,  which  can  be  reduced  at  any  convenient  ^)ot  later  on, 
should  enable  us  to  find  the  value  of  the  ellipticity  within  one  unit  by  this 
method.  If  you  will  look  at  the  map  here,  you  will  see  that  the  points  I  am 
mentioning  are  very  nearly  on  the  same  meridian.  Harvard  is  close  to  Boston. 
Here  is  Boston,  and  you  will  notice  that  the  meridian  of  Boston  goes  practically 
through  the  west  part  of  Argentina.  If  we  are  within  a  few  degrees  of  this 
meridian  it  Is  all  that  is  required.  The  Andes  run  along  here  and  produce  large 
station  errors.  The  east  and  west  station  errors  have  very  little  effect  on  the 
result.    What  we  want  is  to  eliminate  the  north  and  south  errors. 

There  is  another  set  of  observations  which  I  hope  sometime  to  be  able  to  ar- 
range. The  meridian  of  Tokyo  passes  through  Australia.  I  suppose  Tokyo  Is 
the  most  northerly  available  observatory  in  that  district  and  is  likely  to  be  for 
some  years  to  come.  Those  would  also  be  appropriate  points  for  two  sets  of 
observations. 

But  the  point  I  wish  to  make  with  reference  to  the  Argentine  is  that  a  topo- 
graphical survey  of  sufficient  length,  perhaps  600  miles  or  so,  with  a  sufficient 
number  of  latitude  stations  in  the  Argentine,  would  enable  us  to  determine  this 
quantity,  the  ellipticity  of  the  earth,  with  very  high  accuracy,  even  without  the 
measurement  of  a  complete  arc,  extending  from  North  to  South  America. 
Wherever  two  places  on  the  earth  are  connected  up  with  a  sufficient  number  of 
stations  so  that  the  station  errors  in  each  place  can  be  well  determined,  a  pair 
of  instruments  might  be  carried  to  them  and  the  ellipticity  of  that  part  of  the 
earth  which  lies  between  them  found.  I  hope,  therefore,  that  in  the  near  future 
the  surveys  which  will  be  made  in  Argentine  and  Chile  will  be  such  that  there 
will  be  latitude  stations  connected  by  accurate  triangulation  so  that  we  can 
get  the  station  errors,  at  least  in  a  north  and  south  direction,  as  accurately  as 
•  possible  and  thus  determine  the  ellipticity  of  the  earth  by  this  method. 

The  Chairman.  The  thanks  of  the  section  and  of  the  congress 
are  due  to  Prof.  Brown  for  bringing  this  subject  before  us.  It  is 
a  truly  international  problem  that  he  has  proposed,  and  one  which 
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I  think  we  may  confidently  expect  will  be  solved  in  the  future. 
The  only  question  that  could  be  raised  is  as  to  how  soon  in  the  future 
this  problem  may  be  solvecl. 

I  would  like  to  remark  that  there  are  other  reasons  why  such 
observations  as  Prof.  Brown  has  indicated  should  be  made.  As 
pointed  out  by  Laplace  long  ago,  the  motion  of  the  moon  depends 
upon  the  distribution  of  mass  in  the  earth.  To  speak  briefly,  a 
knowledge  of  the  flattening,  which  comes  from  such  observations  as 
Prof.  Brown  has  indicated,  will  give  us  additional  knowledge  con- 
cerning the  moments  of  inertia  of  the  earth.  In  that  connection  it 
may  be  well  to  recall  that  the  progress  of  knowledge  of  the  earth 
has  attained  the  third  stage.  The  first  stage  is  that  in  which  we 
arrive  at  the  conclusion  that  the  earth  is  nearly  a  sphere.  The 
second  stage,  which  has  caused  much  more  difficulty  of  attainment, 
is  the  knowledge  of  the  earth  as  a  spheroid,  and  the  third  and  last 
stage  is  that  in  which  we  attribute  to  the  shape  of  the  earth  the 
term  geoid.  That  is  the  stage  in  which  we  now  are,  and  the  one  to 
which  we  must  give  attention. 

The  four  papers  following  are  intimately  related  to  this  one  and 
we  shall  have  more  to  say  about  the  subject  that  I  have  alluded  to. 

Are  there  any  remarks  upon  this  communication  by  Prof  Brown? 

Mr.  Bauer.  As  I  understand  from  Prof.  Brown's  statement,  if 
he  has  an  accuracy  of  1  second  of  the  mean  latitude  for  the  entire 
section  that  will  be  sufficient  for  his  purpose. 

Mr.  Brown.  I  assume  that  over  an  arc  of  proper  length  we  can 
get  an  accuracy,  say,  of  about  1  second.  Perhaps  those  who  are 
more  familiar  with  this  work  than  I  am  will  correct  me,  but  of 
course  we  only  make  the  observations  of  the  moon  at  one  place,  so 
that  we  must^diminish  the  station  error  at  that  place  to  as  small  a 
quantity  as  possible. 

Mr.  Bausr.  I  was  wondering  whether  you  could  make  use  of  the 
various  boundary  surveys — for  instance,  the  survey  of  the  northern 
boundary  of  Bolivia. 

Mr.  Brown.  I  looked  at  that,  but,  as  far  as  I  am  aware,  there  are 
not  a  sufficient  number  of  accurate  latitude  determinations  to  cut  the 
station  error  down  to  a  small  point.  Perhaps  I  may  be  corrected 
about  that.  Mr.  Bowie  will  be  able  to  give  more  information  than 
lean. 

Mr.  Bauer.  Within  a  few  days  I  have  received  a  letter  from  Dr. 
Morris,  director  of  the  observatory  at  Rio  de  Janeiro.  He  gave  an 
account  of  some  magnetic  work  that  he  had  had  done,  and  if  I  recall 
rightly  he  stated  that  the  accuracy  of  the  latitude  determination  was 
on  the  order  of  about  2  seconds.  Then  he  had  a  large  number  of 
observations  extending  across  the  southern  part  of  Brazil,  and  pos- 
Fibly  the  mean  result  might  be  sufficient  for  yoiur  purpose. 
68436— VOL  n— 17 18 
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Mr.  Bbowk.  Very  poasibly  that  is  sa 

Mr.  Bauer.  I  will  send  you  a  copy  of  that  letter. 

Mr.  Brown.  The  advantage  of  getting  the  arc  as  far  south  as 
possible  is  very  great.  That  is  why  I  suggested  Argentina.  Of 
course,  the  observations  could  be  made  at  any  time  and  the  errors 
determined  later. 

Mr.  Bauer.  Observations  are  being  made  of  the  northern  bound- 
ary of  Uruguay,  and  I  believe  you  will  get  the  accurate  latitude 
from  that. 

Mr.  Frisby.  Suppose  these  observations  were  all  made  with  the 
best  degree  of  accuracy,  what  relative  weight  would  Prof.  Brown 
give  to  the  results  of  the  observational  and  the  gravitati(mal 
methods? 

Mr.  Brown.  What  I  am  doing  here  bears  on  an  equation  which 
i-eally  contains  two  unknowns.  We  assume  practically  that  the  gravi- 
tational determination  is  accurate  to  the  hundredth  of  a  second  of 
arc.  It  is  practically  known  to  a  hundredth  of  a  second  of  arc  as 
soon  as  the  ellipticity  is  determined.  So  we  can  consider  this  as 
accurate,  and  if  we  have,  say,  400  pairs  of  plates,  we  can  get  that,  I 
think,  within  three  or  four  hundredths  of  a  second  of  arc. 

Mr.  Frisby.  Your  idea  is  that  they  will  practically  agree. 

Mr.  Brown.  We  shall  have  to  use  a  value  of  ellipticity  that  wilt 
make  them  agree. 

Mr.  Frisby.  They  will  use  the  two  methods  and  get  a  result  from 
them  ultimately. 

Mr.  Brown.  Yes.  The  Hayford  and  Bowie  observations  got  a 
result  of  297,  and  from  two  other  methods  I  got  293.5,  so  I  am  won* 
dering  whether  I  am  wrong,  or  whether  there  are  different  values 
of  the  ellipticity  according  to  the  different  methods  in  use.  Clark's 
geodetic  method  got  298.6.  Something  depencb  on  moments  of 
inertia  and  something  on  inequality  of  the  surface. 

Mr.  Bowie.  From  geodetic  work  the  ellipticity  is  determined  at 
207,  and  from  gravity  alone  and  a  comparatively  few  stations,  but 
for  those  in  the  United  States  it  is  298.3  or  298.4. 

Mr.  Brown.  That  is  practically  Helmert's  value. 

Mr.  Bowie.  Helmert  has  recently  got  values  that  agree  a  little 
more  closely. 

Mr.  Brown.  The  moon,  in  two  different  directions,  gives  293.5* 
J.  am  not  going  to  admit  that  the  moon  is  altogether  wrong  until 
the  question  is  settled  where  this  large  difference  of  three  and  one- 
half  units  at  least  comes  from. 

The  Chairhan.  I  mi^t  add  that  Prof.  Brown  has  put  his  finger, 
so  to  speak,  on  the  important  point — ^namely,  the  determination 
of  the  station  error.  We  must  know  the  deflection  of  the  plumb 
line  accurately,  which  will  require  a  primary  triangulation  over' a 
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considenible  area,  and  I  think  we  may  confidently  expect  that  our 
colleagues  in  Argentina  will  extend  such  a  scheme  of  triangulation 
in  the  near  future;  but,  of  course,  the  near  future  for  astronomers 
may  mean  50  or  100  years. 

Mr.  Bowie.  I  should  like  to  say  that  a  survey  along  an  east  and 
west  boundary  is  a  very  dangerous  thing  to  use  to  get  the  mean 
station  error,  because  you  are  very  apt  to  have  the  same  influence 
to  the  north  or  to  the  south, -and  there  will  be  a  constant  or  system- 
atic error  in  the  whole  group  of  stations.  What  you  need  in  order 
to  get  your  deflection  or  your  station  error  in  the  meridian  is  a 
group  of  stations  arranged  in  a  north  and  south  line,  connected  up 
by  a  triangulation,  and  then  you  will  eliminate  the  error  to  a  great 
extent.  You  can  not  do  it  in  such  a  country  as  western  Argentina 
or  Chile  without  knowing  something  about  your  topography,  because 
the  actual  station  errors  are  going  to  be  enormous,  and  you  would 
have  to  reduce  some  of  them  for  the  topography  in  order  to  get  them 
down  somewhere  within  reason. 

Mr.  Brown.  I  am  not  very  familiar  with  the  subjec^t,  and  the  in- 
formation which  I  have  been  able  to  obtain  has  been  simply  what 
I  have  been  able  to  gather  from  books,  so  I  am  glad  to  get  that 
information  from  Mr.  Bowie.  I  suppose  those  who  are  familiar 
with  the  subject  will  see  that  the  surveys  are  made  in  such  a  manner 
that  this  method  can  be  used. 

Mr.  Lambert.  I  should  like  to  inquire  of  Prof.  Brown  how  the 
question  of  precession  comes  in  in  these  lunar  determinations. 

Mr.  Brown.  I  do  not  think  that  precession  plays  a  very  large  part 
in  the  question  of  accuracy.  I  think  if  I  remember  rightly  the  pre- 
cession could  be  very  easily  altered  to  fit  either  ellipticity.  I  looked 
into  it  some  time  ago.  The  difficulty  is  that  the  precession  comes 
from  a  different  set  of  constants  that  involve  ellipticity  in  a  different 
way  than  it  is  involved  in  these  questions  here.  It  is  too  long  to 
go  into  the  whole  matter,  but  I  think  that  is  the  point.  T  believe 
you  can  alter  it  The  precession  can  really  be  taken  to  be  almost 
any  convenient  quantity  we  like.  Astronomically,  I  think  lam  cor- 
rect about  that. 

The  Chairman.  Are  there  any  further  remarks  on  this  paper  i 
If  not  I  will  proceed  to  the  presentation  of  the  next  two  papers, 
which  are  by  the  chairman.  The  first  is  on  the  ^'  Desirability  and 
practicability  of  extending  a  precise  network  of  triangulation  over 
the  South,  Central,  and  North  American  areas."  The  title  of  the 
second  paper  is  "The  desirability  and  practicability  of  extending  a 
gravimetric  survey  over  the  same  areas";  so  that  these  two  papers 
are,  as  I  remarked  earlier,  intimately  related  to  the  one  just  pre- 
sented. In  fact  it  seems  to  me  that  to  carry  out  the  suggestion 
of  Prof.  Brown  it  will  be  essential  first  to  have  a  network  of  tri- 

Digitized  by  VjOOQIC 


278       PB0CBEDING8  81C0ND  PAN  AMKBIOAy  SCIEirnVIO  COKQBBSfik 

angulation  over  these  areas;  and  the  paper  contemplates  that  ulti- 
mately we  shall  have  a  system  of  primary  triangulation  extended 
over  the  whole  of  these  areas — South,  Central,  and  North  American. 
The  first  paper  may  be  smnmed  up  as  follows: 

Perhaps  some  of  you  noticed  a  few  days  ago  in  the  journal  Science 
a  letter  from  my  friend,  Dr.  Otto  Klotz,  of  Ottawa.  It  was  very  brief 
and  inquired  as  to  the  Pan  American  Scientific  Congress,  if  Canada  is 
in  the  pan.  For  the  purposes  of  this  enterprise,  to  which  I  now  in- 
vite your  attention,  it  will  be  highly  essential  that  Canada  should 
be  in  the  pan  in  order  that  she  may  do  her  part  in  extending  the 
triangulation. 

I  have  taken  from  a  map,  more  accurate  than  this  one  which  is 
here,  some  figures  to  show  how  long  an  arc  of  meridian  it  will  be 
practicable  to  get  from  the  lower  end  of  Patagonia,  extending  up  to 
Point  Barrow.  I  was  somewhat  surprised  to  find  that  an  arc  of  a 
meridian  of  126®  can  be  obtained  by  covering  these  areas.  The  arc 
of  a  parallel  practically  attainable  between  the  easternmost  point 
of  Brazil  and  the  westernmost  point  of  Alaska  is  still  greater.  The 
possible  extent  of  that  is  about  153®.  So  if  we  can  consummate  this 
scheme  of  triangulation  we  may  be  able  to  assist  in  a  very  high 
degree  in  the  solution  of  the  problem  of  the  size  and  shape  of  the  earth. 

One  of  the  most  important  results  of  such  a  scheme  of  triangulation 
would  be  to  give  the  station  errors,  or  the  plumb-line  deflections,  at  all 
points,  so  that  it  would  be  practicable  for  Prof.  Brown's  project  to  be 
carried  out  by  photographic  observations  at  a  rather  large  choice  of 
points  in  North  and  South  America. 

The  general  subject  of  triangulation  is  so  well  known  that  I  need 
not  add  anything  further  to  this  aspect  of  the  papers  I  have  to 
present.  Moreover,  Mr.  Bowie  will  follow  immediately  with  some 
data  which  are  of  the  greatest  importance  to  this  project,  data  which 
will  show  us  something  of  the  ways  and  means  and  the  costs  involved. 

Before  passing  to  the  next  paper  I  might  remark  that  so  far  as  the 
primary  triangulation  is  concerned,  it  is  pretty  well  completed  now 
for  the  United  States,  and  I  understand  that  a  considerable  amount 
of  good  work  has  been  done  in  Mexico,  and  I  think  a  considerable 
length  of  arc  of  meridian  has  been  measured  and  remeasured  in  Peru. 
You  will  remember  the  Peruvian  arc  to  which  so  much  attention  was 
given  between  1735  and  1740.  That  arc  has  been  measured  and  re- 
measured  in  recent  years,  so  that  it  may  be  considered  to  have  been 
obtained  with  the  highest  order  of  precision. 

Now,  let  me  give  some  brief  attention  to  the  other  paper,  which 
refers  to  the  question  of  a  gravimetric  survey.  That  appears  to  me 
to  be  very  important  also,  and  is  intimately  related  to  the  paper  of 
Prof.  Brown,  but  it  is  still  more  important  in  its  relation  to  the  de- 
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termination  of  the  geoid.  The  modern  remaining  problem  in  geodesy 
is  stated  mathematically  thus : 

If  F  is  the  potential  per  imit  mass  due  to  the  attraction  of  the 
earth's  mass,  then'f or  a  point  on  the  sea  surface  we  have  this  equation : 

F+i6>»(aj»+y»)  =?7=con8tant. 

Omega  is  the  angular  velocity  of  the  earUi  and  x  and  y  are  the  co- 
ordinates of  any  point  on  the  surface  of  the  earth  measured  in  a  plane 
parallel  to  the  Equator,  the  axis  of  figure  of  the  earth  being  taken  as 
the  Z  axis,  the  origin  being  at  the  centroid  of  the  earth.  Then  the  re- 
maining problem  we  have  to  solve  in  geodesy  is  this: 

The  total  potential  due  to  the  attraction  and  to  the  rotation  of  the 
earth  is  a  constant  for  the  sea  surface  and  for  other  surfaces  the  corre- 
sponding constant  is  changing  from  surface  to  surface.  That  equa- 
tion defines  the  so-called  geoid,  and  a  knowledge  of  the  quantity  V  is 
the  thing  that  remains  to  be  gained.  That  naturally  is  the  most  diffi- 
cult problem  we  have  in  connection  with  the  earth.  Now  the  quantity 
V  involves  the  moments  of  inertia  of  the  earth  to  which  reference  was 
made  a  few  moments  ago,  but  we  have  no  means  at  present  of  observ- 
ing F  at  a  great  number  of  points  on  the  earth,  but  we  have  a  means 
of  observing  a  derivative  of  U  and  hence  of  F.  Thus  we  have  means 
of  observing  the  derivative  of  27,  with  respect  to  n  where  n  indicates 
the  normal  of  the  geoid.  That  is  the  quantity  which  we  commonly 
rather  erroneously  and  ambiguously  call  gravity ;  but  we  mean  by  it 
that  it  is  the  linear  acceleration  due  to  the  attraction  and  to  the  rota- 
tion of  the  earth.    It  is  expressed  as  follows : 

—  ^g^a  +  fi  sm*  ^  +  7  cos*  4^  COS  2X 

whermn  a,  ^,  y  &re  constants,  and  4^  and  X  are  the  geocentric  latitude 
and  the  longitude  respectively  of  any  point  on  the  earth's  surface. 

The  first  two  terms  in  the  last  member  of  this  formula  were  well 
known  to  Laplace.  The  last  term  has  never  been  determined  accu- 
rately. There  is,  however,  a  very  recent  paper  on  this  subject  by  Hel- 
mert,^  in  which  he  finds  a  value  for  the  constant  gamma.  This  I 
think  is  now  the  remaining  most  important  constant  to  be  determined 
in  that  formula,  although  there  are  still  considerable  uncertainties 
in  the  constants  alpha  and  beta,  due  to  those  local  anomalies  which 
affect  the  direction  of  the  plumb  line. 

Now,  it  seems  to  be  highly  desirable  that  we  should  cover  the  North 
and  South  American  Continents  and  the  Central  American  area  in 
such  a  way  as  to  get  us  a  very  large  number  of  values  for  this  quan- 
tity g.  It  is  now  practicable  to  determine  relative  values  by  means 
of  the  so-called  half -second  pendulums,  which  have  been  so  highly 

*■  SitsongBberichte  der  KOnlgUch  Preossicben  AcademU  der  WiseenscbafteD,  Oktober  21, 
1916. 
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developed  by  the  Coast  and  Geodetic  Survey,  with  great  precision 
and  at  reasonable  cost. 

There  is,  however,  still  another  problem  before  we  can  consider 
this  work  to  be  in  a  satisfactory  stage.  That  is  the  problem  of  de- 
termining the  values  of  the  g's  at  all  places  absolutely.  The  half- 
second  pendulum  gives  only  relative  values  in  terms  of  scmie  base 
station.  What  we  need  now  is  some  kind  of  an  apparatus  which 
will,  with  a  high  degree  of  precision  and  at  a  reasonable  cost,  li- 
able us  to  determine  fundamental  or  absolute  values. 

Mr.  Baxter.  Do  you  have  the  same  problem  in  gravity  that  we 
have  in  terrestrial  magnetism — ^namely,  that  we  can  get  a  more 
highly  accurate  result  from  a  large  surface  of  the  ocean  than  we  can 
from  the  land? 

The  Chairman.  You  are  quite  right.  There  remains  a  grand 
opportimity  for  somebody  to  do  for  gravity  determinations  at  sea 
what  Mr.  Bauer  has  accomplished  for  magnetic  observations  at  sea. 

Mr.  Brown.  Have  any  gravitational  determinations  been  made 
far  away  from  land  ? 

The  Chairkan.  Yes;  a  considerable  number  have  been  made,  but 
thus  far  they  have  not  turned  out  very  satisfactorily ;  but  there  are 
some  men  at  work  on  that  problem. 

Mr.  Brown.  Is  there  any  knowledge  about  station  errors  at  seat 

The  CHAiRBfAN.  There  is  in  the  near  vicinity  of  islands,  and  so  on, 
but  not  much  for  any  place  distant  from  land.  I  might  mention  that 
Dr.  Briggs,  of  the  Department  of  Agriculture,  has  developed  a 
method  which  gives  promise  of  being  of  great  value  for  the  determi- 
nation of  values  at  sea. 

Are  there  any  further  remarks?  If  not  I  will  call  for  the  next 
two  papers  by  Mr.  Bowie,  of  the  Coast  and  Geodetic  Survey.  The 
title  of  his  first  paper  is  ^^Costs  of  primary  triangulation,  including 
determinations  of  latitude,  longitude,  and  azimuth.''  The  other 
paper  is  entitled  "Costs  of  relative  gravity  determinations  by  aid  of 
half -second  pendulums." 


COSTS  OF  PRIMARY  TRIANGULATION  INCLUDING  DBTBRMINA- 
TIONS  OF  LATITUDE,  LONGITUPE,  AND  AZIMUTH. 

By  WILLIAM  BOWIE, 
CMef  Division  of  Qeodeay,  United  81ate%  Coast  and  Geodetic  i^urvey. 

Tbe  geo<letic  work  iu  the  United  States  Is  now  almost  exclusively  done  by 
the  Coast  and  Geodetic  Survey.  In  this  paper  will  be  given  a  brief  account  of 
the  work  being  done  in  field  astronomy  and  primary  triangulation. 
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YIELD  AsnoNoirr. 

Now  that  the  primary  triaagnlatioo  has  been  sufficiently  extended  to  permit 
the  adoption  of  a  standard  or  final  datnm  (called  the  North  American  datnm), 
nearly  all  of  the  determinations  of  astronomic  azimnth,  latitude,  and  longi- 
.tude  are  made  for  the  purpose  of  ascertaining  the  d^ection  of  the  vertical  in 
the  meridian  and  the  prime  vertical  at  triangolation  stations.  At  intervals  of 
from  four  to  six  quadrilaterals  in  an  arc  of  triangulation,  the  astronomic 
azimuth  and  longitude  are  determined  in  order  to  obtain  the  astronomic 
azimuth  freed  from  the  effect  of  station  error.  This  azimuth  is  used  in  ad- 
Justing  the  triangulation. 

Azknuth. — The  observations  for  azimuth  are  made  upon  polaris  by  the 
party  making  the  observations  for  horizontal  and  vertical  angles  in  the  tri- 
angulation. 

The  distance  between  azimuth  stations  varies  tram  60  to  100  kilometers,  de- 
pending upon  the  lengths  of  the  lines  and  the  weather  conditions.  During  a 
long  period  of  cloudy  weather  which  does  not  retard  the  triangulation  observa- 
tions, the  azimuth  stations  are  more  widely  spaced  in  order  not  to  delay  the 
triangulation  materially.  It  is  more  economical  to  establish  additional  azimuth 
stations  at  another  time  under  such  circumstances.  For  the  purpose  of  the 
determination  of  the  figure  of  the  earth  and  the  distribution  of  densities  in  th» 
earth's  crust  it  would  be  advantageous  to  have  the  astronomic  azimuth  de- 
termined at  each  primary  triangulation  station,  but  at  present  the  added  cost 
would  not  be  justified.  There  are  now  in  the  United  States  800  astronomic 
azimuth  stations  which  can  be  used  for  determining  the  deflection  of  the  ver- 
tical in  the  prime  vertical. 

Cost  of  azimuth  determinationu. — ^The  determination  of  an  astronomic  azi- 
muth does  not  retard  the  triangulation  observing  party  more  than  one  day  at  a 
station,  on  an  average,  and  consequently  the  cost  of  an  azimuth  station  is  about 
^BO.  This  is  the  average  cost  of  a  working  day  for  Uie  party.  When  the  azi- 
muth is  determined  separately  the  cost  of  a  station  will  be  about  $148,  the  same 
^ji  for  a  latitude  station. 

Latitude. — In  recent  years  the  astronomic  latitudes  on  any  one  or  more  arcs 
have  been  determined  by  a  party  specially  equipped  for  the  purpose.  The  ob- 
servations are  made  with  the  zenith  telescope,  by  the  Talcott  method.  In  gen- 
•eral,  16  pairs  of  stars  are  used,  with  each  pair  observed  only  once.  The  accu- 
racy required  is  a  probable  error  not  greater  than  0.10  second  of  arc,  and  all  of 
the  observations  may  be  made  on  a  single  night 

The  party  consists  of  four  persons,  including  the  observer.  They  live  in  tents 
■and  move  from  station  to  station  in  an  automobile  truck.  The  last  63  stations 
determined  were  in  very  rough  country  and  the  truck  proved  to  be  a  very  effi- 
cient means  of  transportation.  The  truck  was  driven  as  close  to  the  station  as 
practicable  and  then  the  instruments  were  carried  to  the  station  by  pack  animals 
or  by  the  members  of  the  party.  Before  the  truck  was  used  (for  the  first  time 
in  1918)  the  latitude  party  traveled  from  station  to  station  by  railroad  and  hired 
teams. 

The  astronomic  latitude  stations  are  spaced  along  an  arc  at  about  the  same 
distances  as  are  the  azimuth  stations ;  that  is,  from  60  to  100  kilometers.  For 
scientific  purposes  these  stations  should  be  placed  close  together,  but  it  is  not 
expedient  to  do  so  now.  In  the  United  States  there  are  470  latitude  stations, 
which  can  be  used  for  determining  the  deflection  of  the  vertical  in  the  meridian. 

Co$t  of  oMtrononUo  latitude  determination$,— There  are  no  cost  data  available 
for  the  astronomic  latitudes  in  the  United  States  for  those  stations  established 
previous  to  1006.    The  following  table  gives  the  costs  for  the  several  seasons' 
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work  since  that  date.  The  means  of  transportation  during  the  last  two  seasons 
was  an  automobile  track.  It  is  seen  tliat  the  cost  for  a  station  during  those  two 
seasons  was,  on  an  ayerage^  less  than  for  the  prsfvUws  work. 

CoH  of  latitude  determi$iationi. 


UmOlty. 

TMr. 

Otaamr. 

Number 
oftt». 
tiana. 

Coat  par 
station. 

Ovwmiiny Bt»t«i..x »...., 4. ».  ......  .. 

19(ft-7 
1906 
1906 
1913 
1913 
1914 

?-8?uS!^::::: 

M 
S 

7 
6 

35 
37 

tuo 

Atlantic  ooMt 

179 

Central  States 

W.Bowia. 

E.  Smith. 

av.Hadfson..... 

I7t 

Texas 

143 

Om  hmidr^  imi  fmrtt  mtrMiin 

114 

'^<»»^*AkIlfomla  arc 

160 

Tbtal  stations,  132. 

Weiglited  flMaii  aoit  far  ilUlHi,  3146. 

It  is  probable  that  the  tni(±  wtn  be  used  on  futifre  work  and  it  is  expected 
the  cost  of  the  latitude  stations  will  average  about  $140. 

^•ffofiomlo  longitude.—There  are  now  In  the  United  States  1<M)  triangulation 
stations  at  which  the  astronomic  longitude  has  been  determined.  These  can 
therefore  be  used  for  the  determination  of  the  deflection  of  the  vertical  in 
the  prime  vertical.  Nearly  all  of  the  determinations  in  recent  years  have  been 
for  the  purpose  of  determining  the  true  astronomic  azimuths  at  coincident  tri- 
angulation, azimuth,  and  longitude  stations  (Laplace  stations),  which  are  used 
in  the  adjustment  of  the  arcs  of  the  triangulation. 

The  observations  for  local  time  are  made  by  observers  at  two  stations,  th# 
longitude  of  one  being  known,  and  the  exchange  of  time  signals  is  made  over 
the  commercial  telegraph  wires.  No  determinations  have  yet  been  made  by 
wireless,  though  this  method  will  no  doubt  be  used  in  the  fnture  at  places 
where  the  telegraph  wires  are  not  available. 

The  straight  telescope  and  also  the  broken  telescope  types  of  portable  transit 
are  used,  following  the  usual  methods.  The  instruments  are  equipped  with  the 
self-registering  micrometers  of  a  modified  Repsold  pattern. 

Three  or  four  nights  on  which  successfW  exchanges  of  trtgnals  have  been 
made  are  required,  and  the  average  probable  error  of  a  determination  of  the 
difference  of  longitude  is  about  0. 015  second  of  time. 

The  cost  of  a  longitude  determination  will  vary  with  the  character  of  the 
country  and  the  amount  of  traveling  expenses  between  stations.  When  the 
stations  are  close  together  the  cost  will  necessarily  be  lower.  The  following 
table  gives  the  costs  of  the  longitude  work  since  1906.  There  are  no  reliable 
cost  data  for  the  stations  established  previous  to  that  year : 

CoMt  of  longitude  determinatioM, 


LooaUty. 


Year. 


Namber 
of  differ- 


Cost  per 
station. 


Texas 

Sontheastem  States 

Various  States 

Do 

One  hundred  and  fourth  meridian. 
Central  States. 


1906 
1907 

iwrs 

1911 

1912 

1915-14 


/E.Smith. 

U.  E.  HcGnth. 

/W.Bowie 

y.S.HilL 

B.  Smith 

O.  B.  French... 
TE.  Smith 

C.  V.  Hodgson. 

H.  A.  Seran 

O.  D.  Cowle.... 

/F.Morse 

\0.  B.  French... 


fSSO^ 

86a 

434 

487 
434 

407 


Total  stations.  61.    Weighted  mean  cost  per  station,  9437. 
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It  may  be  said  that  the  avorage  cost  for  fatare  determinatioiis  of  the  dif- 
liereoce  of  longitude  will  be  about  $440. 


PBIMAET  TSIA19QULATION. 

Tkb  iirlmary  tHaiigiilatloo  Is  carried  on  In  a  systematic  manner,  following  an 
adapted  plan  which  provides  that  the  arcs  of  primary  trlangolatlon  shall  f<rflow 
the  easiest  routes. 

Bm00  line$. — The  base-line  measurements  are  now  a  mere  incident  to  the 
triangulation,  being  measured  by  the  party  engaged  upon  the  obserrations  for 
borisontal  angles.  The  bases  are  measured  with  invar  or  nickelHBteel  tapes,  the 
lengths  of  which  have  been  determined  at  the  Bureau  of  Standards  in  Washing- 
ton just  before  and  Just  after  the  field  work.  These  tapes  are  considered  to 
be  entir^y  satisfactory,  and  with  them  a  probable  error  of  1  part  in  1,000,000* 
can  be  obtained.  A  base  line  10  kilometers  in  length  costs  approximately  $480, 
and  is  measured  by  the  triangulation  observing  party  in  about  10  days.  This 
cost  includes  all  salaries  and  other  expenses  Incident  to  the  base  work.  All 
of  the  time  spent  in  preparing  the  base  for  measur^nent  and  in  the  deter- 
mination of  the  grades  is  Included  in  the  12  days.  It  is  necessarily  true  that  a 
shorter  base  will  cost  more  and  occupy  more  time  in  proportion,  and  a  longer 
base  will  require  proportionally  less  time  and  expense. 

Selection  of  gtationa. — ^A  s^arate  party  precedes  the  observing  one  and 
selects  the  triangulation  stations.  There  is  no  attempt  to  have  lines  longer  than 
those  which  will  make  the  total  cost  of  all  the  work  on  an  arc  a  minimum.  It 
is  expedient,  therefore,  to  choose  those  locations  which  are  easily  accessible  by 
country  roads  or  railroads  and  to  avoid  the  necessity  for  excessively  high 
signala 

No  attempt  is  made,  if  additional  cost  would  be  incurred,  to  determine  the 
preliminary  positions  with  a  greater  accuracy  than  that  necessary  for  the  ob- 
server at  a  station  to  obtain  easily  his  directions  to  the  stations  upon 
which  he  wishes  to  observe. 

A  reconnolssance  party  selecting  stations  usually  consists  of  only  two  per- 
sons, and  the  means  of  transportation  is  either  a  wagon  with  two  horses  to 
draw  it  and  one  riding  horse,  or  an  automobile  truck.  A  truck  was  used  In 
1915  on  the  arc  which  extends  from  n<Nrthani  Utah  to  northwestern  Oregon. 
It  proved  very  successful  and  no  doubt  will  be  extensively  used  in  similar  work 
in  the  future. 

The  following  table  gives  the  costs  of  the  selection  of  stations  on  a  number 
of  arcs  in  the  United  States : 

Co$t  of  $electing  statioru  on  primary  trianffulation. 


Are. 


OriMbrato-WMhtngtoin 

TwM  rtlflbraia 

One  bnndred  and  fomth  maridlin 

SftltLttotoNMdtoB 

HnnttTiUe  to  Memphis 

AiHmww-Oklehome 

XJteb-MontaxiA 

Idebo-Oregon 


Chief  of  party. 


O.  B.  Fieoeh. 

W.Bowie 

J.8.  Bflby.... 

.....do 

do 

.....do 

.....do 

.....do 


Year. 


^1 

S5^ 


lW8-« 
1907-8 
1911 
1911 
1913 
1911-14 
1918 
1918 


1,943 

1,160 

800 

878 
478 
894 
887 


^  S  9 

I" 


67,  MO 
137,800 

44,000 

80,800 
4,780 
8,480 

83,800 


M 

I 


•47 
83 
37 
71 
84 
83 
83 
86 


$3.00 
3.80 
1.73 
1.93 
8.69 
8.08 
.96 
1.48 


|0i08 
.04 
.06 
.03 
.39 

.ir 

.01 
.04> 
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The  preceding  table  shows  that,  daring  the  past  nine  years*  817  stations  have 
been  selected  on  7,111  kilometers  of  arc  and  that  the  mean  cost  per  kilometer 
of  progress  has  been  $2.28. 

The  frequeno'  of  base  lines  on  an  arc  depends  upon  the  strength  of  the 
quadrilaterals  and  the  average  length  of  line.  The  distances  apart  vary  from 
WO  to  000  kilometers.  With  the  ease  with  which  a  base  may  now  be  measured 
there  is  a  tendency  to  shorten  the  distances  between  bases. 
.  Preparation  of  Mtatiom.— The  preparation  of  the  stations  is  made,  in  most 
<!ases,  by  a  separate  party,  as  in  the  selection  of  stations.  At  each  station 
there  is  placed  a  metal  disk  properly  inscribed.  This  is  set  into  a  blodc  of 
^!oncrete,  a  large  bowlder,  or  the  solid  rode,  depending  upon  the  local  conditions 
ot  the  earth's  surface  at  the  station. 

When  the  ground  is  flat  a  double  structure  is  erected  at  each  station,  on 
which  rest  the  instrument,  heliotrope,  and  lamp.  These  structures  are  built 
t>nly  as  high  as  is  necessary  to  make  the  stations  intervisible.  When  the 
country  is  hilly  or  mountainous  only  low  stands  are  erected  to  support  the 
several  pieces  of  apparatus. 

It  is  difficult  to  estimate  the  average  cost  of  the  preparation  of  the  stations, 
for  it  varies  with  the  heights  of  the  signals.  A  very  close  estimate  for  the  cost 
of  erecting  the  hi^  structures  is  $9  per  vortical  meter.  This  cost  includes  all 
-expenses  incident  to  the  work,  as  well  as  salaries  and  traveling  expenses.  A 
structure  20  meters  in  elevation  will  cost  about  $180. 

The  cost  of  preparing  stations  is  included  in  the  cost  of  the  observing,  whidi 
is  given  below. 

Obgervation  of  horizontal  and  vertical  angles, — ^The  accuracy  required  in  the 
horizontal  angles  of  primary  triangulatlon  is  that  represented  by  an  average 
<;losing  error  of  about  1  second  of  arc  and  a  maximum  error  for  a  single 
triangle  not  greater  than  3  seconds.  Usually  this  accuracy  can  be  obtained  by 
making  82  observations  on  each  staUon  with  a  12-inch  (80.S-centimeter)  direc- 
tion theodolite.  Not  more  than  82  observations  are  made  unless  a  triangle 
closes  with  an  error  greater  than  8  seconds. 

It  is  frequently  the  case  that  all  the  horizontal  angles  are  measured  in  a 
single  day.  An  analysis  of  the  work  on  the  Texas-California  arc  was  made 
and  it  was  found  that  the  accuracy  of  the  work  done  at  stations  in  a  single  day 
was  equal  to  that  at  the  stations  where  two  or  more  days  were  required  to  com- 
plete the  observations. 

Trigonometric  leveling  is  carried  on  at  the  same  time  as  the  horizontal  obser- 
vations, the  vertical  angles  being  measured  with  small  vertical  circles,  usually 
not  more  than  7  inches  (17.8  centimeters)  in  diameter.  The  vertical  measures 
are  usually  made  in  the  afternoon  between  the  hours  of  1  and  4. 

The  observing  party  consists  of  four  persons,  one  being  the  observer  who  is  in 
charge  of  the  work.  They  live  in  tents  and  move  from  place  to  place  in  wagons, 
drawn  by  horses,  or  in  automobile  trucks.  The  latter  were  used  with  great  suc- 
cess during  the  season  of  1915  on  the  Idaho-Oregon  arc.  It  is  probable  that  the 
truck  will  be  used  almost  exclusively  in  future  work. 

The  observations  for  horizontal  angles  are  made  upon  heliotropes  during  the 
late  afternoon  and  upon  signal  lamps,  burning  acetylene  gas,  at  night  Experi- 
ments are  now  being  made  to  develop  an  electric  lamp  which  will  be  of  much 
greater  power.  Usually  from  six  to  eight  men  are  employed  throughout  the 
season  to  operate  the  heliotropes  and  lamps.  Their  movements  are  directed  by 
the  observer.  Each  member  of  the  party  learns  the  alphabet  of  the  telegraphic 
code  and  messages  are  flashed  between  the  observing  party  and  the  light  keepers. 
The  latter  move  by  hired  teams  and  by  railroads. 
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CoMt  of  triangulation, — Before  the  year  1902  the  cost  of  the  primary  triangw- 
tatton  done  by  the  Ck>ast  and  C^eodetic  Survey  was  very  great,  as  compared  with 
the  cost  of  the  work  done  since  that  time.  Complete  cost  data  are  available  for 
all  of  the  work  done  in  recent  years  and  they  are  given  in  the  following  table. 

Co9t  of  preparing  $tations  and  observing  on  primary  triangtUation, 


Arc. 

Chief  of  ptfty. 

Yeu'. 

f-9 

lit 

1 

,1' 

Ninety-elshthiiMridJaii 

OdlfDniift-Waslitiigton 

0.  W.  Ferguson... 

W.  H.  Bnrfer 

H.D.Klngr. 

W.  Bowie 

O.B.  French 

J.  s.  Hnir . 

1003-1007 

1000-1006 
lOOS-1011 

1013 

1013 
1014 
1015 

365 

00 

04 

82 

34 

41 
10 

3,140 

030 
1,010 

1,160 

383 
888 

580 

56,100 

57,300 

137,500 

44,000 
8,870 

im 

5?,000 

O06 

504 
408 

858 

304 
858 
545 

886 

88 

30 

35 

85 
43 
30 

81.40 
.61 

frnwaJHtJi^vmim. 

W.  Bowie 

80 

One  faondred  and  fourth  me- 
ridian. 
Alice-BruifuiflUe 

J.  S.  Hill 

C.V.Hod«»n.... 
£.H.Pa9enhart.. 
CV.Hoapwn.... 
E.H.Pannhert.. 
CV.Hodtwn.... 

.06 

3.97 

Itonphie-HantsTiUe 

fdaho-Onson 

1.80 
.19 

The  costs  given  in  the  preceding  table  include  the  cost  of  the  preparation  of 
the  stations  but  not  their  selection. 

If  we  consider  only  the  triangulation  done  since  1901  it  is  seen  that  the 
average  cost  per  station  is  $881,  and  the  cost  per  kilometer  of  progress  along 
the  axes  of  the  arcs  is  $8L  The  cost  per  square  kilometer  of  area  varies, 
according  to  the  width  of  the  arcs,  from  $0.19  to  $2.97.  The  cost  per  unit  dis- 
tance along  the  arcs  is  believed  to  be  the  best  criterion  as  to  the  efficiency  with 
which  the  work  was  done. 

Including  the  primary  triangulation  in  the  vicinity  of  the  Great  Lakes,  which 
was  done  under  the  War  Department,  there  are  about  12,500  miles  (20,000 
kilometers)  of  arcs  in  the  United  States.  It  Is  planned  to  extend  the  net  In 
the  near  future,  possibly  within  the  next  10  years,  by  adding  about  9,000  miles 
(14,600  kilometers),  making  a  total  length  of  the  arcs  of  about  21,500  miles 
(84,500  kilometers).  This  will  provide  a  primary  station  within  about  100 
miles  (150  kilometers)  of  every  place  in  the  United  States.  The  intermediate 
areas  are  already  partly  controlled  by  tertiary  triangulation  by  various  organi- 
zations, notably  the  United  States  (Geological  Survey,  the  Mississippi  and 
Missouri  River  commissions,  the  United  States  and  Canada  Boundary  (Com- 
mission, and  by  the  States  of  Nevada  and  California.  Much  more  of  the 
secondary  and  tertiary  triangulation  remains  to  be  done  for  the  control  of 
topographic,  State,  boundary,  and  other  surveys.  It  is  also  probable  that 
additional  primary  triangulation  will  be  required  in  the  intermediate  areas. 
The  Canadian  Government  has  started  a  primary  triangulation  along  its 
western  coast,  and  the  estimates  submitted  by  the  United  States  Coast  and 
Geodetic  Survey  to  the  present  Congress  provide  for  funds  with  which  to 
begin  a  primary  triangulation  along  the  coast  and  in  the  interior  of  Alaska. 

North  American  datum, — ^The  Geodetic  Commission  of  Mexico  and  the  Qeo- 
detic  Surveys  of  Onada  and  the  United  States  have  adopted  the  same  datum 
upon  which  to  compute  their  connected  network  of  triangulation.  When  the 
scheme  has  been  carried  to  Alaska,  its  area  will  also  be  placed  on  this  datum. 
The  advantage  of  this  cooperation  by  the  three  countries  is  that  the  relative 
positions  of  the  various  triangulation  stations  will  be  free  from  the  effect  of 
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Station  errors  or  deflections  of  the  vertical  at  tbe  astronomic  staticms.  This 
will  make  it  possible  to  have  the  maps  of  Mexico  and  the  United  States  and  of 
Canada  and  the  United  States  agree  in  position  at  the  international  boundaries. 
Also  the  connected  triangolatlon  and  astronomic  stations  of  the  three  countries 
will  be  of  greater  value  when  used  for  a  determination  of  the  figure  of  the 
earth. 


COSTS  OF  RBLATIVB  GRAVITT   DETERMINATIONS   BT   AID   OF 
HALF-SBCOND   PENDULUMS. 

By  WILLIAM  BOWIE, 
CMef  DivUUm  of  Q€ode»v,  United  Statei  CooMt  and  (Geodetic  Survey, 

The  earliest  observations  with  the  half-second  pendulums  of  the  United 
States  Coast  and  Geodetic  Survey  were  made  in  the  year  1891  by  former 
Superintendent  T.  C.  Mendenhall,  under  whose  immediate  direction  the  pen- 
dulums were  designed  and  made.  They  are  generally  Imown  as  the  Mendenhall 
half-second  pendulums. 

It  would  require  too  much  time  in  this  paper  to  describe  the  pendulums  and 
to  give  an  account  of  the  method  of  determining  their  constants.  This  infor- 
mation is  given  in  much  detail  in  the  following  publications  of  the  Coast  and 
Geodetic  Survey :  Appendix  15  of  the  Annual  Report  of  the  Superintendent  for 
1891  and  Appendix  1  of  the  Report  for  1894. 

The  method  of  observing  is  also  a  matter  which  need  not  be  considered  in 
detail*  for  it  is  the  one  generally  used  with  the  invariable  pendulum.  This  is 
also  considered  carefully  in  the  two  publications  mentioned  above. 

The  base  station  for  the  United  States  and  also  for  Mexico  is  the  pendulum 
pier  in  the  basement  of  the  office  of  the  Coast  and  Geodetic  Survey  at  Wash- 
ington. The  value  for  this  station  is  980.112  dynes  or  centimeters,  as  deter- 
mined by  the  relative  method  from  Potsdam,  Germany,  by  former  Assistant 
G.  R.  Putnam  in  1900. 

The  present  method  of  procedure  is  to  observe  the  period,  before  and  after 
each  field  season,  of  each  of  the  three  pendulums  forming  a  set,  at  the  base 
'  station  at  Washington,  each  pendulum  being  swung  for  three  periods  of  eight 
hours  between  clock  comparisons.  The  time  is  obtained  over  commercial  tele- 
graph wires  from  the  standard  clock  at  the  Naval  Observatory  at  Washington. 
At  a  field  station  each  pendulum  is  swung  in  a  similar  manner  and  the  time 
used  is  also  the  noon  signal  sent  out  over  the  telegraph  system  of  the  country 
by  the  Naval  Observatory.  It  is  found  to  be  far  more  satisfactory  to  use  these 
signals  than  special  signals  sent  at  other  times.  It  would  be  difficult,  on  ac- 
count of  the  commercial  use  of  the  lines,  to  obtain  a  direct  wire  from  the 
observatory  at  other  times  than  noon. 

Many  of  the  stations  are  at  great  distances  from  the  observatory.  The  most 
distant  station  from  Washington  at  which  the  noon  signals  were  used  is  Hunt- 
ley, Mont,  the  direct  distance  being  2,100  kilometers. 

The  first  time  the  noon  signals  were  used  for  the  gravity  work  was  in  July, 
1914.  Since  then  92  stations  have  been  determined  by  this  method.  It  is 
probable  that  these  signals  may  be  successfully  used  in  each  of  the  States  of 
the  Nation.  Very  careful  tests  prove  that  the  observations  based  upon  Naval 
Observatory  time  are  entirely  satisfactory. 
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The  former  method  was  to  make  the  time  observations  at  each  station  with  a 
portable  astronomic  transit  A  great  saving  in  time  and  expense  was  made 
by  the  elimination  of  the  time  determinations  by  the  gravity  party  as  is  shown 
in  the  table  of  costs  given  later. 

It  is  probable  that  the  wireless  or  radio  method  of  receiving  time  observa- 
tions will  be  used  at  stations  which  are  not  near  a  line  of  wire  telegraph.  The 
necessity  for  this  has  not  yet  arisen. 

The  pendulum  stations  are  generally  in  the  basements  of  public  or  private 
houses,  and  every  precaution  is  taken  to  secure  uniform  temperatures,  or  at 
least  very  gradual  changes  in  the  temperature  in  the  room  used.  The  pendu- 
lum case  is  mounted  upon  a  low  pier  cemented  to  a  concrete  or  stone  floor  or 
built  into  the  earth.  The  flexure  of  the  case  and  pier  is  measured  at  each 
station  with  the  interferometer.  This  instrument  is  described  in  Appendix  6 
of  the  Annual  Report  of  the  Coast  and  Geodetic  Survey  for  1910. 

It  is  planned  to  design  and  construct  in  the  near  future  pendulums  of  the 
alloy  of  nickel  and  steel,  called  invar,  with  a  very  small  coefficient  of  ex- 
pansion. With  these  a  large  variation  in  the  temperature  within  the  pendulum 
case  will  have  very  small  effect  upon  the  period  of  the  pendulums,  and,  in  con- 
sequence, they  may  be  swung  in  a  tent  or  in  a  room  in  which  the  temperature 
may  vary  considerably. 

Previous  to  the  year  1014  it  was  necessary  to  have  two  observers,  while  now 
only  one  is  needed. 

There  are  no  reliable  cost  data  for  the  46  stations  established  before  1900, 
but  since  that  date  accurate  data  are  available.  These  are  given  in  the  fol- 
lowing table : 

Co9t  of  gravity  determinations. 


Season. 

Observer. 

LocaU^. 

Number 

of 
statioDs. 

Statkms 

per 
month. 

Cost  per 
station. 

190(K-10... 

W.H.  Burger 

H.D.  King 

T.L.  Warner 

C.L.  Qamer 

J.D.Powell 

C.L.  Qamer 

J.  D.  Powell 

Whole  ooan^y. 

84 
28 
23 
U 
13 
19 
11 

3.9 
8.3 
8.7 
8.5 
8.9 
8.6 
8.1 

$319 

1910-11... 

290 

1911 

Western  and  <^eiitral  States 

207 

1914 

Northeastern  States 

106 

1914 

Central  States 

106 

1915 

Southeastern  States 

87 

1915 

do 

118 

The  costs  given  in  the  preceding  table  include  the  salaries  of  the  observers 
and  all  other  expenses  incident  to  the  work.  The  average  cost  per  station 
when  time  observations  were  made  by  the  gravity  observers  was  $280,  while 
the  cost  when  the  Naval  Observatory  time  was  used  was  only  $101. 

There  are  now  217  stations  of  the  first  order  in  the  United  States  and  5  in 
Alaska  and  the  Hawaiian  Islands.  Within  the  next  five  years  it  is  hoped  that 
nearly  as  many  more  will  be  established.  The  new  stations  will  probably  cost 
about  $100  each. 

The  great  value  of  a  gravimetric  survey  will  not  be  discussed  here,  for  this 
phase  of  the  work  will  be  considered  in  other  papers  which  are  to  be  presented 
l)efore  this  section. 

The  CHAiRBfAN.  Mr.  Bowie's  admirable  papers  are  before  you  for 
discussion.  They  certainly  give  us  very  clearly  and  very  definitely 
figures  such  as  may  be  supplied  to  our  governors. 

Mr.  Bauer.  Mr.  Chairman,  I  presume  in  every  case  the  cost  per 
station,  or  whatever  unit  is  used,  applies  to  the  actual  field  expenses, 
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not  to  the  observer's  salary  nor  po  the  expense  in  the  reduction  of  the 
observations  before  the  final  results  are  obtained.  That  question  is 
of  interest  frequently  in  some  other  countries;  for  example,  in  China. 
Many  observers  are  frequently  asked,  ^^Are  you  doing  this  work  for 
love  or  for  mcmey  ?  ^  and  if  they  say  for  money,  the  Chinaman  wants 
to  know  how  much  you  are  getting.  That  is  an  important  considera- 
tion — ^the  actual  cost  of  the  observers  and  fhe  final  redudtion  of  the 
observaticms. 

Then  another  point  of  interest.  I  have  had  occasion  to  work  out 
some  figures  with  regard  to  the  cost  of  stations  for  the  magnetic 
observations  in  the  United  States.  *  I  find  that  in  connection  with  the 
work  being  done  in  Washingt<m,  we  have  to  increase  the  cost  consid- 
erably when  work  is  done  in  foreign  countries.  Take,  for  example^ 
the  South  American  countries,  where  our  expeditions  have  penetrated 
now  in  all  the  countries.  My  experience  has  been  that  we  must  prae^ 
tically  double  the  cost  per  station  in  South  America  ov^  what  it 
would  be  in  the  United  States.  I  am  quite  sure  that  the  cost  would 
be  50  per  cent  more  than  the  figures,  if  not  100  per  cent  more  in  the 
South  American  countries.  That  is  primarily  due  to  the  lack  of 
transportation  facilities  and  to  the  increased  cost  of  labor  in  South 
American  countries. 

Mr.  Bowie.  I  will  answer  the  last  question  first  These  costs  in- 
clude the  pay  of  the  men.  So  far  as  the  labor  cost  in  this  country  is 
concerned,  we  are  pajring  our  men  pretty  high  wages.  These  heli> 
ographers  who  sit  up  on  a  mountain  and  do  nothing  but  tap  a 
heliograph  are  paid  $80  and  sometimes  $90  a  mcmth.  Twenty  years 
ago,  when  we  first  started  this  work,  or  15  years  ago,  we  gave  them 
about  $45  or  $50.  We  find  we  do  better  work  when  we  get  very 
high-grade  men.  The  other  fellow  will  cost  you  less  in  salary,  but 
he  may  tie  you  up  a  week,  and  that  will  cost  you  $200  or  $300.  The 
cost  in  the  South  American  countries  is  going  to  be  the  transportation 
problem.  We  have  not  the  railroads  there.  That  is  going  to  be  the 
great  trouble.  You  are  going  to  have  a  great  deal  of  difficulty  with 
that. 

There  is  one  point  I  left  out  in  my  paper  on  triangulation.  Mexico 
has  carried  a  triangulation  across  its  area  from  the  Pacific  to  the  Rio 
Grande  along  the  ninety-eighth  meridian,  something  like  12^  or  10^ 
of  arc,  or  something  like  that.  We  have  two  stations  on  the  Mexican 
side  and  two  on  the  United  States  side,  and  in  1912  I  went  down  to 
see  the  observaticHis  made  at  those  four  stations  that  would  tie  the 
two  up  together — the  United  States  arc  and  the  Mexican  arc — but 
about  that  time  the  insurrectos  destroyed  a  bridge  and  the  work  has 
not  been  done  yet. 

Now,  we  are  probably  going  to  have  an  arc  of  triangulation  that 
will  extend  from  Puget  Sound  north  to  the  Arctic  Ocean.    I  think 
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I  can  announce  that  that  will  be  done.  The  Canadian  Government  is 
now  making  a  primary  triangulation  south  of  the  Dixon  Entrance^ 
and  the  estimates  for  tiie  next  fiscal  year  carry  an  item  to  extend  the 
work  to  the  north. 

Finally,  with  regard  to  the  cost^  the  items  I  have  shown  you  to-day 
include  tiie  salaries  of  all  observers,  including  the  time  that  they  are 
at  the  office  preparing  for  the  work,  and  at  the  office  working  up 
anything  connected  with  the  field.  There  is  also  included  the  cost  of 
all  general  property  such  as  automobiles,  wagons,  and  all  supplies. 
These  are  included  in  these  costs,  but  the  instruments  are  not. 

Mr.  Baueb.  What  about  the  office  computations? 

Mr.  Bowie.  The  office  computations  are  not  included.  I  can  give 
you  the  cost  of  the  deductions  in  the  office  after  they  have  been  turned 
over  to  the  computer;  but  there  is  nothing  left  out  The  salaries  of 
all  observers,  their  travel  back  and  forth,  the  cost  of  automobiles, 
wagons,  etc,  are  included,  so  that  that  is  the  actual  cost  of  the  field 
work.  The  office  work  is  another  story,  but  that  cost  is  so  small  com- 
pared with  the  field  work  that  it  would  not  be  an  item  in  deciding 
whether  to  carry  on  this  work  or  not. 

The  Chairman.  Are  there  any  further  remarks  on  this  interesting 
communication?  If  not,  I  will  call  for  the  next  paper,  which  is  by 
our  friend.  Dr.  Brashear,  on  the  72-inch  reflecting  telescope  which  he 
and  Messrs.  Warner  &  Swasey  are  building  for  the  Canadian  Gov- 
ernment, for  the  Vancouver  Observatory. 


PROGRESS  OF  THE  WORK,  OPTICAL  AND  MECHANICAL,  ON  THE 
72-INCH  REFLECTING  TELESCOPE  FOR  THE  CANADIAN  OBSER- 
VATORY  AT  VANCOUVER. 

By  JOHN  A.  BRASHEaH, 
Fresident  Henry  C.  Frick  Educational  Commission,  Pittsburgh,  Pa. 

I  wiU  make  this  story  v^ry  short  I  thought  yoa  might  be  interested  in  this 
worlc,  as  the  progress  has  been  rather  enconraging  in  the  mailing  of  the  great 
72-inch  reflector. 

Al)ont  three  years  ago  we  ordered  the  two  large  dislcs  from  the  St  Qobain 
glass  works  in  France,  and  they  had  them  l>oth  made,  as  I  understand,  in  Bel- 
gium. The  larger  disk,  wiiich  was  for  the  parabolic  mirror,  was  finished  and 
reached  Antwerp  Just  a  we^  before  the  war  broke  out,  and  we  were  fortunate 
in  getting  it  into  this  country ;  but  the  55-inch  disic,  which  we  had  ordered  for 
the  plane  mirror,  from  which  we  expect  to  parabolize  the  large  mirror,  is,  I 
think,  still  in  the  factory  in  Gharleroi,  Belgium,  if  there  is  anything  left  of  it— - 
i.  e,  if  a  shell  has  not  hit  it.  Of  course,  if  it  has  done  so,  with  the  tension 
usually  characteristic  of  such  massive  disks  of  glass,  I  do  not  think  there  is 
much  left  of  it  However,  we  succeeded  in  getting  the  larger  disk  to  our  work- 
shop, but  with  considerable  trouble,  as  there  was  only  one  truck  in  the  city  at 
Pittsburgh  capable  of  handling  it,  but  we  finally  got  it  to  the  works  saftf y.    It 
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was  nicely  packed,  with  very  little  soft  material  under  and  around  it,  but  the 
French  had  done  the  packing  so  carefully  that  there  was  not  even  a  chip  off 
the  disk. 

Work  on  the  disk  was  commenced  immediately.  We  concluded  to  rough 
grind  it  in  the  upper  part  of  our  shops,  where  the  question  of  temperature  did 
not  concern  us,  but  great  care  had  to  be  taken  even  in  this  roughing  process 
because  a  former  disk  had  burst  in  our  hands  which  would  probably  have  killed 
the  man  who  was  working  on  it  if  it  had  not  been  surrounded  with  a  tremen- 
dously heavy  steel  bond,  so  we  went  at  the  work  very  cautiously  and  carefully. 
We  commenced  this  roughing  process,  I  think,  about  September  1,  1914,  and 
about  the  first  of  the  following  April  we  had  it  ready  to  take  off  the  big 
machine.  The  disk  was  then  removed  to  the  lower  or  basement  d^mrtment, 
where  the  temperature  conditions  are  very  much  better  and  where  we  could  do 
the  finer  work  much  more  efficiently.  After  it  was  fined  and  polished  on  the 
curved  surface,  we  found  our  tests  very  satisfactory  under  the  temperature  con- 
ditions of  the  basement,  where  we  have  tested  many  smaller  instruments.  In 
this  basemeut  we  have  a  tube,  length  75  ft,  dlam.  6  ft,  with  space  between  the 
outer  and  inner  lining  of  6  inches  filled  with  sawdust,  making  it  possible  to  con- 
trol the  temperature  nicely.  When  I  left  home  the  mirror  had  about  reached  the 
point  where  another  half  hour  would  complete  the  spherical  form,  from  which 
we  expect  to  make  the  plane  mirror ;  but  where  are  we  going  to  get  the  disk  for 
that  plane  mirror?  Our  good  friends  of  Mount  Wilson,  with  Dr.  Woodward  at 
their  head,  and  Dr.  Hale  and  Dr.  Adams  at  the  other  end  of  the  line,  have 
offered  us  the  use  of  their  plane  when  they  have  finished  the  100-inch  mirror, 
but  we  are  very  anxious  to  have  a  plane  for  ourselves.  We  have  tried  several 
ef  the  great  glass  works  in  Pennsylvania,  but  they  have  all  fallen  down  on  the 
55-inch  disk.  We  have  now  a  contract  with  a  gentleman,  who  has  promised  to 
undertake  to  make  it,  who  was  associated  with  the  people  in  Jena,  and  also 
with  the  French  people  for  a  while,  and  he  may  succeed.  There  are  a  number 
of  offers  from  other  parties  to  undertake  the  making  of  this  disk,  showing  the 
kindly  friendship  of  our  manufacturers. 

Dr.  Pickering  has  offered  us  the  use  of  one  of  his  60-inch  mirrors,  and  there 
are  several  others,  but  we  are  afraid  the  disks  are  too  thin.  So  far  we  have 
gotten  along  very  nicely  with  the  work,  and  the  material  of  the  disk  is  so  very 
nearly  perfect  in  Its  entirety  that  our  success  to  the  present  time  has  been 
remarkable.  There  is  one  place,  almost  in  a  straight  line,  where  there  are  a 
few  bubbles.  The  glass  is  almost  transparent  enough  for  a  refractor,  although 
It  is  gi'een  in  color.    Our  success  so  far  has  been  very  gratifying. 

It  may  be  of  interest  to  state  that  the  37-inch  mirror  we  were  correcting  for 
Dr.  Campbell  burst  while  we  were  cutting  a  hole  in  it  to  make  it  i)ossible  to  use 
as  a  Cassegrain.  We  were  using  all  the  care  possible  and  exercising  all  the 
patience  we  could,  but  in  attempting  to  cut  a  S^-inch  hole  In  the  mirror  it  burst 
into  a  thousand  pieces.  This  experience  made  us  take  extraordinary  care  in 
enlarging  the  hole  in  the  72-inch  mirror,  which  had  been  cast  with  a  small 
opening  in  it,  and  we  spent  nearly  a  month  boring  the  hole  from  about  6  inches 
to  10^  inches.  But  we  succeeded  nicely,  and  after  we  had  the  hole  cut  we  did 
not  have  much  fear  of  the  disk  breaking.  It  will  take  about  a  minute  to  show 
you  the  plan  that  was  devised  for  cutting  that  hole.  Here  is  the  central 
shaft,  looking  at  it  endwise — a  cutter  or  grinder  made  of  thin  steel,  shaped 
like  the  letter  S;  so  that  as  it  rotated,  if  there  were  any  places  where  there 
were  elevations,  it  would  not  strike  hard  enough  to  put  a  strain  on  the  glass. 
There  was  very  little  done  each  day,  but  we  succeeded  in  making  a  very  beauti- 
ful opening  in  the  center  of  the  mirror.    We  would  have  liked  to  have  it  larger. 
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but  thongbt  we  bad  better  not  take  tbe  rUOt.  The  progroi  so  tut  has  been 
rerj  satisfactory. 

As  to  tbe  Instrumental  part,  I  saw  BIr.  Swasey  last  night  and  asked  him 
about  it.  He  said  he  thought  their  firm  would  finish  the  entire  mounting 
about  the  1st  of  March,  and  transportation  has  already  been  arranged  for  the 
same  to  Victoria. 

The  hill  on  which  this  telescope  is  to  be  placed  is  not  very  far  from  Victoria. 
Its  elevation  is  about  750  feet  They  will  not  have  as  many  clear  nights  as  at 
Mount  Wilson,  but  there  is  this  one  great  advantage— that  the  average  tempera- 
ture change  for  the  entire  year  at  the  place  selected  is  only  about  25*  and  the 
average  daily  change  only  about  15**  from  midday  to  midday  again,  which  is,  as 
you  know,  a  very  important  element  in  the  successful  use  of  large  mirrors  or 
large  objectives.  You  will  realLee  the  importance  of  it  when  I  tell  you  that 
after  my  associate,  Mr.  McDowell,  has  worked  25  minutes  on  the  surface  of 
the  large  mirror  he  must  wait  20  to  24  hours  before  he  knows  the  result  of  his 
polishing,  and  that,  too,  in  a  place  where  the  temperature  conditions  are  made 
as  perfect  as  possible. 

I  have  brought  with  me  a  few  pictures.  Here  is  a  picture  of  the  great 
tnirror  itself,  somewhat  foreshortened.  It*  is  a  little  over  12}  inches  thick. 
Loewe's  formula  for  reflecting  telesc(H;)e  mirrors  is  one-eiscth  of  the  diameter  of 
tiie  mirror.    We  have  made  it  a  little  more  than  that  thickness. 

The  next  picture  shows  you  the  great  tube.  This  is  pretty  well  along—- 
indeed,  practically  finished.  The  next  picture  will  show  you  the  beautiful 
mounting.  This  gives  you  a  very  fair  idea  of  the  work  as  it  is  now.  You  will 
notice  that  all  useless  paraphernalia  is  ^iminated,  and  the  appearance  of  the 
instrument  is  very  beautiful  from  what  may  be  called  the  instrumental  side. 
The  piers  weigh  about  500  tons.  The  telescope,  with  the  tube,  will  weigh 
about  65  tons ;  the  entire  instrument,  with  its  two  pi&cu,  when  it  is  erected  will 
weigh  about  506  tons.  Of  course,  we  are  all  anxioudy  looking  forward  to  the 
completion  of  the  mirror,  and  we  hope  we  will  have  no  accident  This  is  all 
I  have  to  say ;  but  there  is  Just  one  little  plea  that  I  would  like  to  make,  which 
will  only  take  about  a  minute. 

I  want  to  get  our  astronomers  to  remember  tliat  there  are  lots  of  people  in 
this  world  besides  astronomers  who  like  to  know  what  we  are  doing  in  this 
beautiful  science.  I  have  had  a  great  deal  of  success  in  my  own  humble  efforts 
in  enabling  people  who  are  not  astronomers  to  have  the  advantage  of  our 
astronomical  observatories ;  and  the  benefit  that  it  is  to  the  astronomer  himself 
is  simply  astonishing.  May  I  tell  you  that  when  I  want  any  money  for  the 
■observatory  at  Pittsburgh  I  can  get  it  without  any  trouble  whatever.  When  I 
raised  the  $800,000  to  build  the  observatory  to  the  memory  of  my  dear  friends, 
r^ingley  and  Keeler,  I  told  my  good  wife  what  I  was  going  to  do.  She  said  to 
me,  "Why,  Pa,  what  is  the  use  of  you  trying  to  raise  the  money?  You  never 
begged  any  money  before ;  you  would  not  beg  for  a  crust  if  you  were  hungry." 
I  said,  "No;  I  would  steal  the  crust.*'  But  when  it  came  to  working  for  the 
building  of  the  observatory  I  had  the  good  fortune  to  raise  the  $800,000  with 
the  least  trouble  you  can  imagine.  When  I  want  any  money  now  I  go  to  the 
people  who  know  that  we  are  interested  in  teaching  these  beautiful  things  to 
the  layman ;  and  to  show  you  what  we  are  doing,  on  the  next  slide  I  show  you 
the  observatory  that  is  built  to  the  memory  of  those  men  whom  we  all  love  so 
well.  This  smaller  dome  with  iti  18-inch  refractor  is  devoted  to  the  use  of  the 
people.  The  beauty  of  it  is  that  it  does  not  interfere  with  the  scientific  re- 
search ;  that  goes  on  without  interruption.  When  I  told  a  gentleman  about  the 
work  that  we  intended  to  do,  and  that  a  lady  had  talked  about  endowing  this 
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free  d^[mrtBieDt,  he  said,  ^  let  me  do  that,'*  and  when  I  opened  my  satchel  that 
night,  after  leaving  him  to  go  to  bed  in  the  Pallman  car,  I  noticed  a  piece  of 
paper  tumbled  out  I  knew  I  had  not  put  the  paper  there,  and  when  I  picked  it 
up  I  saw  that  it  was  a  check  for  $500  to  run  the  observatory  until  he  arranged 
for  the  endowment  Now,  what  is  the  result?  I  received  a  report  from  Director 
Schleslnwr  just  before  I  came  here;  18,615  people  have  taken  advantage  of  the 
free  department  in  the  six  years  the  ol>servatory  has  been  opened  to  the  people. 
They  are  interested  and  want  to  come  back  again.  We  extend  our  invitations 
to  the  academies,  to  the  women's  schools,  to  the  high-school  children,  to  the 
high-school  professors,  to  the  professors  of  the  grade  schools,  and  to  the  people 
at  large.  During  the  summer  the  tickets  of  admission  are  taken  for  one  to  two 
months  ahead ;  and  the  gentleman  who  endowed  the  free  department  of  the  ob- 
servatory says,  "  If  you  can  not  take  care  of  the  people,  I  will  build  another 
observatory." 

The  people  love  our  work.  They  want  to  know  something  about  it  Last 
night  I  met  the  wife  of  one  of  your  most  eminent  military  men,  who  said,  '*  Oh, 
I  have  loved  astronomy  all  my  life,  but  I  have  not  had  half  the  chance  I  would 
like  to  study  it"  These  are  the  people  we  want  to  help,  and  I  make  my  plea 
that  when  we  have  a  good  thing,  let  us  share  it  with  the  other  fellow.  When 
the  night  is  bad  we  have  a  beautiful  lecture  room  that  was  finished,  furnished, 
and  equipped  by  two  good  friends.  We  have  500  or  000  lantern  slides  taken 
right  from  the  heavens.  The  slides  and  the  lectures  given  by  some  of  the 
observatory  staff  are  fully  enjoyed.  Let  us  send  out  to  others  the  beautiful 
things  we  enjoy  in  this  world,  for  it  is  in  sharing  them,  it  is  in  giying  them  to 
the  other  fellow,  where  half  the  happiness  is.  My  old  friend  Huygens — I  call 
him  my  friend  because  I  love  his  books — said  In  the  preface  to  one  of  th^n 
these  words :  "  I  find  the  saying  of  Archytas  true,  even  to  the  letter,  that  '  tho' 
a  man  were  admitted  into  Heavai  to  view  the  wonderful  fabrick  of  the  world, 
and  the  beauty  of  the  stars,  yet  what  would  otherwise  be  rapture  and  extasie, 
would  be  but  a  melancholy  amazement  if  he  had  not  a  friend  to  communicate  it 
to.*  **  It  is  in  communicating  knowledge  to  others  that  we  get  real  hairiness. 
What  good  Is  it  if  we  make  all  these  wonderful  discoveries  in  the  heavens  if  we 
do  not  make  somebody  else  happy  by  telling  of  them? 

**  When  a  bit  of  sunshine  hits  ye. 

After  passin*  of  a  cloud. 
When  a  fit  of  laughter  gits  ye. 

And  your  spine  is  feelin'  proud. 
Don't  forget  to  up  and  fling  it 

At  a  soul  that's  feelin*  blue. 
For  the  minit  that  you  fling  it 

It's  a  boomerang  to  you." 

Non. — An  attempt  to  make  tbe  55-lncb  disk  by  one  of  our  large  plate-i^ass  manofac- 
torers  waa  a  failure,  but  tbe  72-inch  mirror  1b  being  paraboliied  bj  a  new  method  with 
great  hope4>f  soccesa. 

The  mounting  by  the  Warner  ft  Swaaey  Co.  baa  been  delivered  at  the  obaerratory  on 
Saanich  Hill,  near  Victoria,  and  has  been  auccesafuUy  erected.  It  has  been  pronounced 
one  of  the  most  perfect  pieces  of  mechanism  ever  constructed  for  an  astronomical  instru- 
ment The  massive  mounting,  with  the  tube  to  carry  the  great  mirror.  Is  made  to  move 
in  right  ascension  so  smoothly  that  the  energy  required  to  run  a  16-candlepower  electric 
lamp  is  found  sufficient  to  drive  this  65  tons  of  telescope  and  mounting.     (Oct.  80,  1910.) 

Sbcond  None. — After  many  difficulties  encountered  in  the  corrections  of  this  great 
mirror,  it  is  at  this  writing  receiving  its  finishing  touches  and  will  shortly  be  com- 
pleted.    (Oct  15,  1917.) 
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The  Chairman.  I  am  sure  we  are  all  indebted  to  Dr.  Brashear  for 
this  communication.  Are  there  any  remarks  or  questions  concern- 
ing it  ? 

Mr.  Brahh£ar.  I  shall  be  glad  to  answer  any  questions. 

The  Chairman.  It  is  a  matter  of  surprise  that  such  progress 
should  have  been  made  in  the  construction  of  this  great  reflecting 
telescope  when  we  compare  the  progress  made  hitherto;  but  we 
should  remember  that  this  instrument,  or  the  optical  part  of  it,  is 
being  made  by  Mr.  Brashear,  and  that  they  are  getting  the  benefit 
^f  his  great  skill  and  experience. 

Mr.  Brashear.  I  want  to  give  a  large  share  of  the  credit  to  my 
good  son-in-law,  who  is  doing  the  refined  work  now. 

The  Chairman.  So  Dr.  Brashear  is  going  to  have  a  successor. 
That  is  very  important  for  scientific  work.  We  want  to  see  to  it 
that  our  eminent  folks  have  successors. 

Mr.  Brashear.  Another  thing  that  is  of  interest.  In  the  fund  that 
was  given  for  the  benefit  of  the  free  department,  there  was  enough  so 
that  a  post-graduate  course  is  given  to  one  or  two  astronomers  every 
year,  and  all  the  work  that  is  asked  of  these  men  is  that  they  devote 
three  nights  to  the  people.  And,  by  the  way,  the  telescope  that  is 
used  is  the  one  that  Langley  did  his  wonderful  work  with,  so  it  is 
being  put  to  continuous  good  use.  I  think  we  have  completed  the 
education  of  two  Canadians  now  in  that  observatory. 

The  Chairman.  If  there  are  no  further  remarks,  I  will  call  for 
the  last  paper  on  our  program,  the  title  of  which  is  ^^The  Mount 
Wilson  Solar  Observatory,^  by  Prof.  F.  H.  Scares,  who  is  the  repre- 
sentative of  the  observatory  on  this  occasion. 


THE  MOUNT  WILSON  SOLAR  OBSRRYATORT.  _ 

By  FREDERICK  H.  SEARES, 
Superintendent  Computing  Division,  Mount  Wilson  Solar  Observatory, 

The  Mount  Wilson  Solar  Observatory,  one  of  the  11  departments  of  research 
of  the  Carnegie  Institution  of  Washington,  was  established  in  190i.  Its  as- 
tronomical instruments  are  on  Mount  Wilson  in  southern  California,  5,700  feet 
above  sea  level.  In- the  vall^,  in  the  neighboring  city  of  Pasadena,  are  the 
library,  the  physical  laboratory,  the  machine  and  optical  shops,  and  the  adminis- 
trative offices  of  the  observatory. 

Members  of  the  sciratiflc  staff  remain  on  the  mountain  only  while  engaged 
in  the  work  of  observing.  All  reductions  and  calculations  are  made  at  the  office 
in  Pasadena,  where  the  services  of  the  computing  division  are  available.  The 
staff  includes  a  scientific  personnel  of  about  30  Individuals  and  an  equal  num- 
ber of  opticians,  draftsmen,  instrument  makers,  machinists,  and  other  assistants. 

Since  its  inception  the  obse^atory  has  been  under  the  direction  of  George 
Bllery  Hale,  and  the  features  which  make  it  unique  are  an  expression  of  his 
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originality,  and  his  boldness  and  freedom  from  tradition  in  attaddng  new  and 
difficult  problems.  The  observatory  is  more  than  a  fulfillm^it  of  the  plans 
for  its  development,  for  the  plans  themselves  were  the  outcome  of  long  years 
of  experience  at  the  Kenwood  and  Yerkes  Observatories,  where  the  investiga- 
tions undertaken  by  Dr.  Hale  were  preliminary  to  those  now  in  progress  at 
Mount  Wilson. 

Observatories  ore  sometimes  planned  before  a  definite  program  of  astronomi- 
cal observation  has  l)een  formulated.  The  instrumental  equipment  then  pro- 
vided is  commonly  of  a  certain  conventional  type,  applicable  with  nearly  equal 
facility  to  various  recognized  lines  of  investigation.  Some  freedom  of  choice 
and  a  pleasing  richness  of  opportunity  are  thus  open ;  but  the  very  diversity  of 
the  things  that  may  be  undertaken  sets  a  limit  to  what  can  be  accomplished. 
The  conventional  pattern  of  the  tools  sometimes  makes  them  useless  for  the  job 
that  is  special  or  peculiar. 

But  with  the  Solar  Observatory  the  problem  has  always  preceded  design  and 
construction.  The  observatory  was  brou^^t  into  existence  for  a  perfectly  defi- 
nite purpose,  and  its  original  expeditionary  character  was  changed  to  that  of 
a  permanent  institution  of  research  because  definite  questions  required  con- 
tinued study  with  highly  specialized  instruments.  Its  initial  purpose  and  all 
its  early  equipment  were  concerned  with  the  sun,  but  other  fields  of  activity 
have  been  in  view  from  the  first,  and  could  not  well  have  been  ignored. 

The  many  questions  raised  by  the  varied  phenomena  of  the  sun  are  not 
limited  to  the  solar  system.  They  suggest  an  equal  number  of  questions  as  to 
the  phenomena  of  other  suns,  and  we  are  instantly  at  face  with  the  great 
problem — the  history  of  the  universe  of  stars ;  for  the  stars  are  also  suns,  not 
so  different  In  the  average  from  our  own. 

The  stars  must  accordingly  be  studied,  both  for  their  individual  peculiarities  and 
for  their  relations  to  each  other  and  the  things  which  are  common  to  all.  What 
we  observe  in  the  sun  can  find  its  full  explanation  only  when  examined  from 
the  wider  viewpoint  of  the  universe  of  suns,  Just  as  human  personalities  are 
to  be  comprehended  only  when  the  influence  of  race  and  civilization  and  all 
the  varied  and  intricate  forces  of  environment  are  measured  and  brought  to  a 
resultant.  The  ultimate  problem,  the  growth  of  the  stellar  system,  its  past 
history  and  probable  future  development,  thus  appears  with  a  clearness  of 
statement  little  justified  if  one  thinks  only  of  an  immediate  solution.  But 
however  remote  a  satisfying  solution  may  be  and  however  insurmountable  the 
intervening  obstacles  may  appear,  the  goal  must  be  marked,  if  the  things  that 
may  be  done  now  are  to  be  broupht  into  proper  correlation  and  utilized  to 
their  fullest  efficiency. 

We  may  state  therefore  that  the  purpose  of  the  Solar  Observatory  is  the  study 
of  stellar  evolution ;  Its  actual  operations  are  concerned  with  numerous  special 
questions,  carefully  selected  and  coordinated,  which  have  a  critical  bearing  on 
the  problem  of  stellar  development.  They  are  far  more  diversified  than  might 
be  inferred  from  a  too  literal  interpretation  of  the  observatory's  name,  and  fall 
Into  two  groups,  one  concerned  with  the  distribution,  distances,  motions,  spectra, 
colors,  and  brightness  of  the  stars,  and  all  specialized  questions  relating  to  their 
physical  condition,  the  other  with  those  phenomena  usually  associated  only 
with  the  sun,  but  here  recognized  as  stellar  characteristics  revealed  In  the  one 
star  within  reach  of  detailed  observation. 

Since  we  must  observe  faint  stars  as  well  as  the  brightest  object  of  the 
heavens,  different  types  of  instruments  are  required.  For  the  stars,  telescopes 
of  great  light-gathering  power  are  necessary ;  when  their  spectra  are  to  be  ex- 
amined moderate  or  low  dispersion  alone  can  be  employed,  for  the  luminosity 
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^thered  even  by  a  great  telescope  is  insufDcient  unless  the  q)ectrciiii  be  small. 
With  the  son  there  is  an  abundance  of  light;  high  magnification  and  great 
dispersion  can  accordingly  be  used. 

As  most  observations  are  made  photographically,  the  telescope  of  a  modem 
observatory  is  only  a  camera  adapted  to  the  needs  of  the  astronomer.  The 
principles  of  design  are  those  which  guide  the  photographer  himself  in  select- 
hag  his  instrument;  for  pictures  of  large  scale,  the  objective  is  of  long  focus; 
thus  the  telephoto  attachment  is  a  device  for  increasing  fbcal  length  without  ex- 
ceeding the  convenient  dimensions  of  the  ordinary  camera;  tor  difficult  condi- 
tions of  illumination  the  objective  is  of  large  relative  aperture,  in  order  that  the 
exposure  times  may  fall  within  practicable  limits.  Focal  length,  therefore, 
means  magnifying  power,  while  large  aperture  Is  the  critical  factor  in  dealing 
with  faint  objects.  For  stars  the  linear  diameter  of  the  objective  is  important, 
but  for  objects  of  perceptible  dimensions  it  is  only  the  ratio  of  aperture  to 
focus  which  counts. 

For  solar  observations  we  thus  select  telescopes  of  moderate  aperature,  but, 
since  the  magniflcati(Mi  is  to  be  extreme,  of  a  fdcal  length  as  great  as  various 
limiting  conditions  will  permit  For  stars  we  need  an  objective  or  mirror  of 
the  greatest  possible  size,  combined  with  a  focal  length  appropriate  to  the 
problems  to  be  served.  These  details  are  elementary,  but  they  show  why  the 
instruments  of  the  Solar  Observatory  have  the  form  they  possess. 

For  important  advances  it  was  evident  that  telescopes  of  unusual  dimensions 
would  be  required,  a  circumstance  emphasized  by  the  desirability  of  using, 
with  telescopes  of  long  focus,  spectroscopes  also  of  great  focal  length,  in  order 
that  the  spectra  of  tlie  sun  and  the  stars  might  be  studied  under  a  dii^rsion 
greater  tlian  any  previously  employed.  Engineering  difficulties  were  thus  raised 
whoHe  solution  has  led  to  unusual  tjrpes  of  construction  and  mounting. 

The  first  of  these  instruments,  a  solar  instrument  and  the  simplest  in  design, 
was  the  Snow  telescope,  originally  constructed  for  the  Yerkee  Observatory 
but  later  acquired  for  use  at  Mount  Wilson.  Its  principle  is  that  of  the  photo- 
heliograph,  so  ^successfully  used  for  the  observation  of  edipees.  A  coelostat, 
consisting  of  two  movable  flat  mirrors,  reflects  a  beam  of  light  into  a  concave 
mirror  of  00  feet  focus,  wtiich  returns  the  rays  in  a  horizontal  direction  to  the 
focal  point  and  forms  an  image  of  the  son  6.7  inches  in  diameter.  The  more 
important  pieces  of  auxiliary  apparatus  are  n  spectrograph  of  18  feet  focuti 
and  a  &-f6ot  spectroheliograph. 

Bxperience  with  this  instrument  indicated  that  important  advantages  would 
be  secured  by  placing  the  optical  axis  of  the  telescope  in  a  vertical  position; 
with  the  Snow  telescope  it  is  horizontal.  The  beam  of  light  would  then  cut  the 
atmospheric  strata  perpendicularly,  its  mean  elevation  above  tlie  heated  layers 
close  to  the  ground  would  be  greater,  and  the  spectrograph  could  be  placed 
in  a  subterranean  pit  under  practically  constant  conditions  of  temperature. 

The  first  of  the  tower  telescopes  was  accordingly  constructed,  its  focal  length, 
nice  the  Snow  telescope,  being  00  f^et  The  beam  of  sunlight  is  thrown  ver- 
tically downward  through  a  12-inch  objective  by  a  coelostat  at  the  top  of  the 
tower,  the  solar  image  being  formed  00  teiet  below  in  tlie  observing  room  at 
the  base.  The  light  passes  through  the  slit  downward  into  the  pit  containing 
the  body  of  the  spectrograph ;  it  is  dispersed  into  a  spectral  band  and  returned 
to  the  surface,  where  it  is  r^^istered  on  a  photographic  plate,  thus  revealing 
the  spectral  peculiarities  of  that  part  of  the  solar  image  lying  on  the  slit, 
whether  the  photosphere,  the  chronoosphere,  or  a  sunHEVK)t  The  pit  also  con- 
tains a  Qiectroheliograph  used  for  a  study  of  the  distribution  of  various  in- 
candescent  gases  in  the  solar  atmosphere. 
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The  60-foot  tower  telescope  is  of  a  type  not  previonaly  tested,  and  accord- 
ingly was  moderate  in  dimensiouH  and  simply  constructed.  But  trial  demon- 
strated the  usefulness  of  the  principle  and  showed  that  even  greater  focal 
length,  with  correspondingly  greater  magnification,  might  be  employed.  Plans 
were  then  made  for  a  second  tower  telescope,  with  a  focus  of  150  feet,  capable 
of  producing  a  solar  imag^  17  inches  in  diameter.  With  this  instrument 
minute  details  of  the  solar  surface  not  hitherto  obserred,  can  be  studied  with 
ease.  A  spectrograph  of  75  feet  focus,  mounted  in  a  deep  pit  l)eneath  the  tower, 
has  a  dispersion  two  and  one-half  times  that  available  with  the  60-foot  tower ; 
the  scale  is  such  that  the  visible  region  in  the  third-order  spectrum  has  a 
length  of  about  50  feet  These  instruments,  the  Snow  telescope  and  the  two 
tower  telescopes,  are  the  main  equipment  for  solar  observations.  Although 
each  has  proved  more  efficient  than  its  predecessor,  none  has  been  superseded, 
and  the  60-foot  tower,  which  is  especially  useful,  has  recently  been  given  a 
more  permanent  mounting  than  it  formerly  possessed. 

The  power  of  these  instruments  is  indicated  by  what  has  been  accomplished 
by  their  use.  Thus  an  extended  investigation  of  the  solar  rotation  has  been 
made ;  new  values  of  the  angular  velocity  and  the  equatorial  acceleration  have 
been  found ;  and  it  has  been  established  that  the  velocity  of  rotation  is  to  some 
extent  a  function  of  elevation  in  the  solar  atmosphere,  the  vapors  of  calcium 
and  hydrogen  moving  faster  than  the  low-lying,  heavier  vapors.  The  chromo- 
spheric  spectrum  has  been  examined  and  mapped  with  a  precision  and  detail 
not  hitherto  possible.  Important  differences  between  the  center  and  limb  of 
the  sun  have  been  observed,  the  general  circulation  of  various  vapors  of  the 
solar  atmosphere  has  been  studied,  and  also  the  more  complicated  vortex 
movements  in  the  vicinity  of  sun-spots.  The  dose  similarity  of  sun-spot  spectra 
and  the  spectra  of  red  stars  like  Arcturus  has  been  established,  and  it  has 
been  demonstrated  that  within  the  spot  umbra  the  temperature  is  lower  than 
in  the  adjoining  photospheric  regions. 

It  has  been  found  that  every  sun-spot  is  the  center  of  a  powerful  magnetic 
field ;  the  strength  of  the  field  has  in  numerous  Instances  been  ^measured,  and 
its  variation  with  elevation  and  with  distance  from  the  center  of  the  spot  has 
been  studied.  The  fields  of  iqwt  groups  have  been  investigated,  whence  it 
appears  that  the  members  of  the  double  or  bipolar  groups  are  almost  in- 
variably opposite  in  polarity;  the  distribution  of  polarities  within  the  groups 
and  in  each  hemisphere  is  expressed  by  a  simple  law;  but  a  reversal  of  the 
whole  system  of  polarities  is  in  some  way  associated  with  the  transition  from 
one  cycle  of  sun-spot  activity  to  that  immediately  following. 

From  observations  of  the  magnetism  of  spots  it  was  but  a  step  to  observa- 
tions of  the  sun  as  a  whole  to  determine  whether  it  has  a  general  magnetic 
field  analogous  to  that  of  the  earth.  A  laborious  investigation  has  given  an 
affirmative  answer — as  a  first  approximation  the  sun  acts  as  a  unifdrmly 
magnetized  sphere,  with  its  magnetic  axis  inclined  some  6**  to  the  axis  of 
rotation.  Other  illustrations  might  be  given,  but  the  enumeration  is  not  in- 
tended to  be  complete,  and  we  turn  to  a  feature  of  the  observatory's  organiza- 
tion, without  which  some  of  the  things  mentioned  could  not  have  been  accom- 
plished. 

The  astronomer  is  at  a  disadvantage  as  compared,  say,  with  the  chemist  or 
physicist ;  he  is  powerless  to  vary  the  conditions  which  determine  the  character 
of  what  he  observes ;  he  can  not  cause  the  repetition  of  any  single  phenomenon 
for  a  more  leisurely  study  of  its  details,  nor  does  he  know  what  would  have 
occurred  had  the  conditions  been  differently  ordered.  Often  he  can  only  wait 
for  time  to  shift  changing  configurations  slowly  into  view,  as  in  the  case  of  the 
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varying  positioiis  of  tbe  planets.  Sometimes,  in  the  slow  transformations  of  an 
evolutionary  process,  he  can  bridge  endless  intarvals  of  time  and  picture  the 
changing  details  by  studying,  among  the  individuals  affected,  those  which 
simultaneously  find  themselves  in  different  stages  of  dev^opment  But  fre- 
quently, without  further  clew,  he  can  make  no  progress  at  alL  The  phenomena 
are  so  complex  and  their  causes  so  obscure,  that  he  is  at  a  loss  as  to  how  to 
proceed.  Especially  is  this  true  of  occurrences  in  the  atmosphere  of  the  sun 
or  a  star,  where  he  finds  in  operation  powerful  and  little  understood  hydro- 
dynamic  forces,  the  intricate  and  confusing  effects  of  fluctuating  pressure  and 
temperature,  the  complicating  influences  of  powerful  magnetic  fields,  and  per- 
haps also  those  of  extreme  electrostatic  conditions.  From  this  maxe  there  seems 
but  one  means  of  escape:  to  enter  the  physical  laboratory  and,  by  empirical 
methods,  discover  conditions  which  reproduce  the  phenomena  viewed  at  the 
telescope.  Astronomy  to  some  extent  can  thus  be  made  an  experimental  science, 
and  the  astrophysicist  becomes  a  physicist  whose  laboratory  includes  the 
heavens  as  well  as  the  earth. 

Simple  illustrations  make  clearer  the  principle  involved.  Simplest  of  all  Is 
the  identification  of  terrestrial  elements  in  the  spectra  of  the  sun  and  the 
stars.  This,  of  course,  could  not  have  been  done  at  all  without  parallel  investi- 
gation in  the  laboratory ;  but  the  result  is  so  familiar,  and  usually  receives  such 
emphasis  as  an  astronomical  achievement,  that  we  forget  the  indispensable  link 
in  the  evidence  supplied  by  the  physicist 

A  more  recent  accomplishment,  possible  only  with  highly  specialised  labora- 
tory equipment,  relates  to  the  temperature  of  sun-spots.  Enormous  numbers  of 
faint,  dosely-packed  lines,  not  to  be  identified  with  any  known  element,  appear 
in  the  qpectrum  of  a  spot.  Laboratory  investigation  proves  them  to  be  asso- 
ciated with  chemical  compounds  which  exist  only  at  temperatures  known  to  be 
lower  than  that  of  the  photosphere  surrounding  the  spot  The  inference  as  to 
the  temperature  of  the  spot  is  obvious.  Again,  many  lines  in  the  spectra  of 
sun-spots  are  widened,  or  even  split  into  separate  components.  An  analogous 
laboratory  phenomenon  (the  Zeeman  effect)  Is  well  known.  It  appears  when 
A  magnetic  field  surrounds  the  luminous  source  of  a  spectrum;  the  solar 
phenomenon  may  be  a  Zeeman  effect  originating  in  a  magnetic  field  surrounding 
the  spot,  but  this  is  only  an  inference.  Comparing,  however,  line  by  line,  the 
spectra  of  spots  with  those  of  the  laboratory,  there  is  revealed  in  the  different 
lines  a  parallelism  of  structure  so  exact  as  to  leave  little  question  as  to  the  phe- 
nomenon with  which  we  are  dealing ;  when  the  resources  of  the  laboratory  are 
further  applied,  we  find  in  corresponding  components  of  solar  and  laboratory 
lines  an  exact  similarity  in  the  polarization  phenomena  which  are  a  unique 
eharactaristic  of  the  Zeeman  effect,  and  the  matter  is  put  beyond  doubt.  With 
laboratory  aid  we  may  go  even  farther,  for  the  quantitative  relations  which  can 
there  be  established,  under  conditions  within  control,  give  at  once  the  strength 
of  tbe  field  surrounding  the  spot. 

These  illustrations  suggest  the  constant  demand  for  precise  and  detailed 
laboratory  data.  To  meet  this  tlie  equipment  must  be  extensive  and  powerful, 
and  capable  of  results  comparing  in  precision  with  the  astronomical  data  they 
supplement  The  laboratory  of  the  Solar  Observatory  has  accordingly  been 
provided  with  electric  furnaces,  powerful  electromagnets,  and  spectrographs  of 
the  most  modern  and  efficient  type ;  one  of  30  feet  focus,  mounted  vertically  In 
a  well,  is  essentially  a  duplicate  of  that  beneath  the  60-foot  tower  on  Mount 
Wilson.  The  laboratory  has  also  much  other  apparatus  and  ample  sources  of 
electric  power,  including  high-tension  currents,  both  direct  and  alternating. 

For  the  problem  of  stellar  evolution  there  must  be  varied  and  numerous 
observations  of  the  stars  themselves.    Their  distribution  and  brightness,  their 
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iDotloDiv  ap&ctn,  and  oolora  nraaC  all  be  determined  wltb  precision  for  a  large 
nnmbors  of  objects  In  all  parts  of  die  sky,  and  of  all  macaitodes  from  tbe 
brl^test  to  the  faintest  Not  merely  indlvldoal  stars,  but  star  dusters  and 
nebuls  must  also  be  observed.  An  instromoit  of  the  highest  optical  power  Is 
therefore  required.  That  In  use  at  Ifowit  Wilson  is  a  reflector  of  5  feet  aperture 
and  25  feet  focus.  A  second  Instrument,  also  a  reflector,  with  an  aparture 
of  100  inches,  Is  now  under  eenstrvction  and  will  shortly  be  completed. 

Although  nomevous  engineering  dUBcultles  had  to  be  orereome,  these  Instru- 
ments are  not  unusual  In  mounting.  l%ey  are  of  the  heavy,  rigid,  madiine  type 
Qt  construction  introduced  by  Warner  and  Swasey  for  the  large  refractor  of 
the  Lick  Observatory.  The  great  mass  of  the  moTing  parts—approximately 
100  tons  for  the  laf«er  instrument  requires  special  methods  of  control;  but 
the  perfection  and  flexibUity  of  the  modem  electric  motor  meets  all  require- 
ments. The  domes  and  bnikllngi  are  of  BMtaU  with  thin  double  walls  inclosing 
air  spaces  for  Insnistion.  As  there  are  no  large  concentrated  masses,  tempera- 
ture equilibrium  is  quiddy  established  at  nightfall,  and  the  harmful  influence 
of  excessive  radiation  during  observing  hours  is  thereby  largely  avoided. 

The  great  light-gathering  power,  essential  for  most  stellar  Investigations,  Is 
afforded  by  the  large  aperture  of  the  mirrors.  To  allow  the  range  in  magnifica- 
tion necessary  for  different  cissses  of  observations,  Uie  00-indi  reflector,  with 
a  prindpal  focus  of  25  feet»  is  provided  with  secondary  mirrors  for  Gassegrain 
combinations  having  equivalent  tod  of  80,  100,  and  150  feet  Similar  combina- 
tions»  with  a  maximum  equivalent  focus  of  250  feet  will  also  be  provided  for 
the  100-indk  reflector. 

The  reflecting  telescope  has  great  advantages,  notably  its  perfect  achromat- 
ism— light  of  all  colors  is  brought  to  a  focus  in  the  same  plane  and  with  equal 
exactness— «nd  its  freedom  from  the  absorption  Elects  which  influence  the 
quality  of  the  light  transmitted  by  most  objectives;  but  unfortunately,  its  Add 
of  view  is  very  smalL  With  the  large  ratio  of  i^ierture  to  focal  length  necessary 
for  rapid  photographic  action,  the  area  of  good  deflnition  Is  only  about  one-half 
that  of  the  disk  of  the  moon. 

For  the  portrayal  of  extended  areas,  such  as  the  cloud  forms  of  the  Milky 
Way,  or  for  the  registration  of  the  spectra  of  large  numbers  of  stars  with  ^e 
aid  of  an  objective  prism,  a  10-inch  Cooke  triplet  with  a  Add  of  about  15**  Is 
available.  The  combination  is  identical  with  one  of  the  moduli  portrait  ob- 
jectives, but  of  larger  dimensiona  The  rdativdy  short  focus  of  45  inches  gives 
pictures  of  small  scale,  but  the  pmetrating  power  is  great  and  the  instrument 
has  a  wide  fleld  of  usefulness. 

Bach  problem  has  itn  own  requirements,  and  in  a  modem  observatory  the 
invention  and  design  of  special  instruments  is  a  feature  of  almost  every 
investigation.  As  the  construction  of  new  f^nrms  of  apparatus  requires  much 
experiment,  machine,  instrument  and  optical  shops  are  a  necessity,  and  those 
of  the  Solar  Observatory  have  always  occupied  an  important  place  in  Its  organi- 
sation. All  the  important  instruments  were  dedgned  by  members  of  the  staff. 
Most  of  the  optical  work  for  the  60-inch  and  all  of  that  for  the  100-Inch  tele- 
scope has  been  done  by  the  observatory's  opticians.  Castings  of  unusual  slse 
have  been  machined  dsewhere,  but  all  parts  requiring  very  careful  workman- 
ship, such  as  driving  clocks,  wiHm  gears,  slow-motion  attachments,  etc,  and 
aU  accessory  apparatus,  including  the  spectrographs,  have  been  made  In  the 
observatory  shops.  For  work  of  unusual  precidon  a  special  shop  is  available. 
Among  the  many  instruments  completed  here  may  be  mentioned  several  com- 
parators, one  of  unusual  size,  for  the  measurement  of  solar  and  stellar  spec- 
tra.   The  most  Important  undertaking  of  high  precision  now  under  way  is  a 
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iMchlne  for  ruling  diifractloii  gratings  of  sises  larger  than  thoee  now  obtain- 
able. WithoQt  snch  gratings  the  ofvtical  possibilities  of  the  tower  telescopes 
can  not  be  folly  ntUlsed. 

It  has  long  been  recognised  that  the  powers  of  human  industry  are  unequal 
to  a  complete  account  of  every  object  in  die  heavens ;  a  tAeacope  of  even  mod- 
erate dimensions  reveals  stars  by  the  million.  The  selection  of  representative- 
objects  for  observation  is  therefore  a  matter  of  much  importance  and  often- 
times of  no  little  difficulty.  A  method  of  selection,  satisfactory  for  many  pur- 
poaes,  was  suggested  aome  years  ago  by  Kapteyn,  who  proposed  that  the  stars 
in  about  200  regions  of  small  area,  uniformly  distributed  over  the  sky,  be^ 
intensively  studied,  and  that  all  possible  information  be  accumulated  with  re- 
$g9Ct  to  their  numbers,  magnitudes,  motions,  spectra,  and  distances.  This  task 
Is  not  impossible,  while  conq;)rehensive  data  for  these  Selected  Areas  should 
yield  results  of  first  importance.  But  even  this  restricted  program  of  obser- 
vation is  beyond  the  resources  of  any  sins^e  institution,  and  the  responsibility 
for  various  parts  of  the  undertaking  has  been  assumed  by  different  observa- 
tories. 

It  was  not  at  first  clear  that  such  Questions  as  the  distribution  and  motions- 
of  the  stars  bear  any  relation  to  the  problem  of  stellar  development ;  but,  for- 
tunately, tlie  Solar  Observatory  was  able  to  undertake  investigations  along^ 
some  of  the  lines  in  which  Kap^yn  is  so  deq[»ly  interested,  and  it  now  appelura 
that  there  are  relationships  of  an  intimate  kind  between  the  details  of  the 
structure  of  the  universe  and  the  stage  of  development  in  which  its  constituent 
parts  find  themselves. 

For  questions  relating  to  the'physical  condition  of  a  star,  the  spectrograph  ia 
the  most  important  of  all  instruments  of  research,  and  the  program  of  spec- 
Orographic  observations  now  in  progress  at  Mount  Wilson  has  accumulated  a 
large  amount  of  data.  In  general  these  do  not  r^ate  to  objects  in  the  Selected 
Arena,  as  radial  velocities  were  required,  which  restricts  the  choice  to  brighter 
stars.  Although  systenatic  observations  of  the  Selected  Areas  will  shortly  be- 
undertakei  with  the  10-inch  triplet  and  an  objective  prism  for  the  determina- 
tion of  spectral  types,  the  basis  of  selection  so  far  has  been  mainly  that  of 
q;)ectrum  or  proper  motion.  Thus  the  observing  program  has  included  sev- 
eral hundred  stars  of  early  spectral  types,  mainly  B  and  A,  and  extensive  lists 
of  later-type  stars  of  small  and  large  proper  motions,  respectively,  the  latter 
f6r  the  most  part  including  stars  of  known  parallaxes. 

To  understand  the  bearing  of  these  observations  it  is  necessary  to  recall 
Kapteyn*s  discovery  of  the  existence  of  two  streams  of  stars.  In  general,  indi- 
vidual stars  do  not  move  at  random  but  display  community  of  motion  to  a 
marked  degree.  Small  isolated  groups  having  a  common  motion,  like  that  in 
Ursa  Major,  have  long  been  recognised,  but  Kapteyn  found  that  the  majority 
of  all  the  stars  of  known  motion  belong  to  one  or  the  other  of  two  great  inter- 
penetrating streams.  The  phenomenon  is  so  obviously  of  fundamental  impor- 
tance in  the  history  of  the  universe  that  every  attempt  should  be  made  to 
increase  our  knowledge  of  its  details.  The  series  of  observations  mentioned 
were  for  this  purpose,  and  it  is  of  interest  to  see  what  has  been  learned. 

The  results  for  the  early-type  spectra,  supplementing  those  previouHly 
available,  show  that  stars  of  all  spectral  types  are  present  in  both  streams, 
though  the  proportion  is  not  constant  As  we  pass  from  stars  of  solar  type 
to  those  of  type  A,  and  thence  to  the  Orion  or  B  stars,  the  number  of  objects 
in  one  stream  decreases  as  compared  with  that  in  the  other,  and  at  the  same 
time  there  seems  also  to  be  some  change  both  in  the  direction  and  the  amount 
of  the  stream  velocity.    This  correlation  of  spectral  type  with  the  character- 
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Istics  of  stream  motion  illustrates  the  relationships  existing  between  the 
«tars  as  a  system  and  the  phenomena  of  stellar  development — for  q[>ectral  type 
Indicates  the  evolutionary  stage  of  a  star — and  shows  the  importance  of  ezom- 
ining  all  stellar  phenomena  from  the  standpoint  of  interdependence. 

The  second  Investigation,  that  of  large  and  small  proper-motion  stars, 
iihows  that  the  objects  of  small  motion,  the  most  distant  stars  whose  radial 
velocities  can  at  present  be  measured,  also  belong  in  general  to  on^  or  the 
•other  of  the  two  streams.  Star  streaming  is  thus  no  local  phenomenon,  con- 
fined to  objects  in  the  vicinity  of  the  sun,  but  extends  to  the  remotest  stars 
for  which  we  are  able  to  accumulate  data. 

A  question  of  fundamental  importance  in  studying  the  distribution  of  stars 
is  that  of  a  possible  loss  of  light  in  its  passage  through  space.  Particles  of 
^nely  divided  matter — meteoric  dust,  for  example — obstruct  and  modify  to 
«ome  extent  the  light  transmitted  from  a  distant  star  to  an  observer  on  the 
•earth.  Whether  the  effect  is  appreciable  depends  upon  the  amount  of  ma- 
terial distributed  along  the  path  traversed  by  the  light;  with  anything  like 
uniformity  of  distribution  the  amount  will  increase  with  the  distance.  The 
result  is  a  slight  change  of  color;  other  things  being  equal  a  distant  star 
vdll  be  redder  than  one  less  remote,  just  as  the  sun  is  redder  at  sunset  than 
;at  noon  because  of  the  greater  distance  traversed  by  its  rays  in  passing  through 
the  dust-laden  atmosphere  of  the  earth.  The  question  is  so  important  that 
much  attention  has  been  given  to  it,  although  final  results  have  not  yet  been 
•obtained.  But  the  circumstances  are  significant  and  show  again  the  intimate 
relationship  of  different  classes  of  phenomena. 

It  is  characteristic  of  the  effect  in  question  that  the  diange  in  color  modifies 
•only  the  continuous  spectrum,  whose  intensity  in  the  violet  is  reduced  rela- 
tively to  that  in  the  red;  the  spectrum  lines,  which  in  the  main  determine 
the  spectral  type,  remain  unchanged.  Comparing  now  the  colors  of  near  and 
Klistant  stars  of  the  same  spectral  type,  we  find  that  the  distant  stars  are 
actually  redder  than  our  nearer  neighbors.  The  observational  result  is  dear 
enough,  but  its  Interpretation  requires  caution,  for  at  this  point  we  recall 
a  result  of  observations  on  the  sun,  namely,  the  great  differ^ice  between  the 
spectra  of  the  center  and  the  edge  of  the  solar  disk.  This  appears  in  many 
•of  the  lines,  though  it  escapes  attention  when  the  dispersion  is  low;  but  most 
striking  is  the  greater  redness  of  the  light  from  the  limb,  due  to  the  greater 
effective  thickness  of  the  atmosphere  at  this  point.  It  is  possible,  therefore, 
that  the  color  differences  in  stars  of  the  same  spectral  type  may  be  due  to 
•differences  in  the  thickness  of  their  atmospheres,  which  presumably  will  occur 
it  the  stars  differ  in  size. 

Now,  the  two  groups  of  stars  whose  colors  were  examined  certainly  differ 
in  size,  for  it  happens  that  the  distant  group  has  about  the  same  average  ap- 
•parent  brightness  as  the  nearer ;  the  actual  brightness,  and  hence  the  radiating 
surfaces  of  the  stars,  must  in  consequence  be  much  greater  than  in  the  case  of 
the  nearer  group.  The  difference  in  intrinsic  luminosity  can  not  be  due  to  a 
difference  in  brightness  per  unit  area  of  surface,  for  that  would  imply  a  differ- 
erence  In  temperature  and,  therefore,  a  difference  in  spectral  type,  whereas 
the  types  of  the  objects  compared  are  the  same.  The  observed  differences  of 
color  may  thas  have  nothing  to  do  with  the  loss  of  light  in  space,  but  depend 
Instead  upon  the  size,  or,  as  more  commonly  stated,  upon  the  intrinsic  lumi- 
nosities or  absolute  magnitudes  of  the  stars.  A  rediscussion  of  the  material 
from  this  standpoint  leaves  little  doubt  that  absolute  magnitude  is  capable 
of  accounting  for  the  greater  part,  If  not  all,  of  the  change  of  color.  This, 
however,  does  not  settle  the  question  of  space  absorption,   for  the  objects 
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•examined,  «veii  those  of  small  proper  motion,  are  only  moderately  remote  as 
stellar  distances  go,  and  the  phenomenon  may  still  be  of  importance  for  very 
distant  objects.    The  subject  will  be  considered  again  in  another  connection. 

It  is  of  Interest  to  follow  the  relation  between  absolute  magnitude  and 
spectrum  a  little  further.  We  have  seen  that  the  distribution  of  intensity  in 
the  continuous  spectnun  varies  with  absolute  magnitude.  A  study  of  the 
spectra  of  the  center  and  edge  of  the  sun's  disk  also  suggested  the  possibility 
of  a  relationship  between  intrinsic  luminosity  and  the  diaracteristics  of  cer- 
tain lines;  and  a  special  investigation  has  shown  that  the  relative  Intensities 
of  various  pairs  of  lines  are  a  reliable  criterion  of  absolute  magnitude  and, 
in  any  given  case,  may  be  used  for  its  calculation. 

This  result  is  of  the  greatest  importance;  the  possibility  of  determining  the^ 
Intrinsic  bri^tness  of  a  star  Implies  the  possibility  of  finding  its  distance,  for 
distance  is  easily  calculated  when  both  real  and  apparent  brightness  have 
been  determined.  Thus  if  the  candlepower  of  a  street  lamp  be  known  and 
Its  apparent  brightness  be  observed,  the  calculation  of  its  distance  is  a  matter 
of  the  most  ^enentary  sort  Although  at  present  applicable  only  to  the 
intermediate  and  lat^  types  of  spectra,  this  method  of  measuring  the  dis- 
tances of  stars  will  undoubtedly  prove  a  most  effective  instrumait  for  further 
study. 

These  two  or  three  illustrations  are  typical  of  the  significance  of  the  more 
«zt^ded  programs  of  qiectrographic  observation  now  in  progress  at  Mount 
Wilson.  The  bearing  of  certain  Individual  results  may  also  be  mentioned 
Inriefly. 

There  can  be  little  doubt  that  different  spectral  types  represent  different 
stages  of  stellar  development,  but  until  recently  no  single  star  had  been  se^i 
actually  to  diange  its  type.  Presumably  such  variations  are  dependent  upon 
<dianges  of  surface  temperature,  and  in  most  cases  are  probably  to  be  classed 
with  the  slowly  varying  ph^iomena  of  an  evolutionary  type. 

For  some  years  it  has  been  known  that  many  of  the  shori-period  variable 
stars  undergo  marked  changes  in  color  synchronously  with  their  variations  in 
tight  A  variation  in  color  implies  a  change  in  spectrum;  to  determine  the 
nature  of  this  change,  one  of  the  brighter  cluster-type  variables,  RS  BoStis, 
with  a  period  of  only  nine  hours,  was  observed  with  a  spectrograph  through- 
out its  cycle  of  light  fluctuations.  The  photographs  showed  an  unmistakable 
change  in  the  type  of  spectrum,  ranging  from  FO  at  the  minimum  to  B9  at 
maximum.  The  rapidity  of  the  change  (the  intarval  from  minimum  to  maxi- 
mum is  less  than  two  hours)  is  extraordinary,  and  suggests  that,  wliatever 
the  conditions  within  the  star,  those  which  determine  the  main  characteristics 
of  its  spectrum  are  very  superficiaL 

Not  out  of  harmony  with  this  is  another  result,  also  derived  from  a  variable 
star,  the  algol  RR  Draconis.  Here,  with  the  aid  of  photographic  plates  sensi- 
tive to  different  colors,  we  find  that  the  companion  star,  which  in  all  probability 
has  a  low  density,  is  relatively  red,  while  the  central,  denser  body  is  white. 
There  is  not  much  doubt  that  here,  as  usual,  color  is  indicative  of  spectral 
type;  if  so,  the  usually  accepted  relation  between  density  and  spectrum  is 
reversed.  The  result  adds  to  the  gradually  accumulating  evidence  that  spec- 
trum represents  a  surface  condition,  and  that  among  the  redder  spectral  types 
are  to  be  found  low  as  well  as  high  density  stars,  while  the  whiter  objects 
occupy  an  intermediate  position.  The  bearing  of  these  results  upon  the  uraer 
of  stellar  devel<^ment  Is  apparent,  although  the  data  are  not  yet  sufidcient 
for  definite  conclusions. 

Spectrosc<H>lc  observations  of  stars  fainter  than  the  tenth  or  eleventh  magni- 
tude can  be  made  only  with  a  great  sacrifice  in  precision  and  detail,  and  then 
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ofily  with  the  aid  of  very  long  exposures.  The  study  of  the  fainter  stars  there- 
fore follows  other  lines,  one  of  the  most  important  heing  the  measorement  of 
brightness.  A  statistical  discussion  of  the  magnitudes  of  large  numbers  of 
stars  throws  much  light  upon  the  structure  of  the  universe,  and,  in  the  absque 
of  numerous  determinations  of  distance,  is  indispensable  for  the  investigation 
of  stellar  distribution. 

The  work  of  the  observatory  in  this  field  has  involved,  first,  a  critical  exami- 
nation of  the  methods  of  photographic  photometry  and  the  determination  <^ 
fundamental  standards  of  brightness  (the  North  Polar  Standards),  both  photo- 
graphic and  i^iotovisual,  for  a  graded  series  of  objects,  from  the  brii^test  down 
to  the  faintest,  easily  observable  with  the  60-ittch  reflector;  and,  second,  th» 
'establishment  of  secondary  standards  in  the  Selected  Areas  on  and  north  of 
the  Equator.  The  latter  i>art  of  the  program  carries  with  it  the  determlnaticnk 
of  the  bri^tness  of  all  the  stars  in  these  regions  down  to  about  the  eighteenti^ 
magnitude.  The  magnitudes,  on  a  homogeneous  system,  of  perhaps  a  hundred 
thousand  stars  will  thus  be  available  for  a  discussion  of  the  all-important  rela* 
tions  connecting  magnitude,  numbers  of  stars,  and  galactic  latitude. 

It  is  planned  also  to  determine  the  photovisual  magnitudes  (visual  magni- 
tudes derived  by  a  photographic  method)  for  a  considerable  number  of  these* 
objects,  in  order  that  their  colors  may  be  learned.  Since  photographic  and 
photovisual  magnitudes  are  measures  of  the  intensity  of  different  regions  of 
the  spectrum,  their  difference — the  color  index,  as  it  is  called — may  be  taka» 
as  a  measure  of  the  star's  color.  A  knowledge  of  this  quantity  gives  a  dew  as 
to  physical  condition,  much  less  satisfactory  than  that  afforded  by  the  spectrum, 
but  nevertheless  a  precious  bit  of  information  when  the  object  is  too  faint  for 
spectroscopic  observation. 

The  value  of  a  knowledge  of  stellar  colors  is  illustrated  by  a  suggestive  result 
shown  by  the  colors  of  the  North  Polar  Standards.  As  one  considers  fainter 
and  faints  objects  the  whiter  stars  gradually  dlsa^iear.  At  the  eighteenth 
magnitude  of  the  photovisual  scale  there  seem  to  be  few  or  none  whiter  than 
the  sun,  which  stands  about  midway  in  the  color  scale.  Whether  this  phenran- 
enon  affects  equally  all  regions  of  the  sky  or  whether  it  depends  uiwn  position 
with  respect  to  the  Milky  Way,  remains  yet  to  be  determined ;  color  indices  for 
faint  stars  in  the  Selected  Areas  will  give  the  information  necessary  for  a 
conclusion. 

This  excess  of  redness  in  the  fainter  objects  raises  again  the  question  of 
light  scattering  in  space.  Since,  on  the  average,*  the  very  faint  stars  are  at 
enormous  distances,  their  colors  may  have  been  modified  to  an  appreciable 
amount  in  the  manner  previously  indicated,  although  the  large  and  small  proper- 
motion  stars  failed  to  give  any  certain  evidence  of  scattering.  Whatever  the 
cause,  it  acts  in  this  instance  in  opposition  to  the  influence  originating  in  abso- 
lute magnitude,  for  we  know  that  the  fainter  stars  are  of  smaller  average 
luminosity  than  the  brighter  objects,  and  ought,  therefore,  so  far  as  this  factor 
alone  is  concerned,  to  be  relatively  white.  Actually,  as  just  stated,  they  are 
much  redder  than  the  nearer  objects.  Space  absorption  apparently  would  ac- 
count for  the  phenomenon,  but  it  may  also  be  due  to  the  fact  that  the  faint 
stars  are  intrinsically  red — that  they  are  of  late  spectral  typa  A  final  decision 
must  await  the  accumulation  of  further  data.  In  one  direction,  however — that 
of  the  cluster  in  Hercules — ^It  Is  reasonably  certain  that  there  is  no  considerable 
amount  of  absorption.  This  object  is  certainly  at  a  very  great  distance,  per- 
haps beyond  the  boundaries  of  the  galactic  system.  Anything  like  a  uniform 
distribution  of  material  capable  of  producing  light  scattering  would  make  all 
the  stars  in  the  cluster  intensely  red,  unless  the  absorption  coefficient  is  much 
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«naller  dian  th«  valoes  usually  assigned.  As  a  matter  of  fact,  the  colors  seem 
to  be  perfectly  normal,  and  show,  moreover,  a  normal  r^atlon  to  the  q^ectnu 
whidi,  with  much  dlfltciilty»  ha^e  been  determined  for  a  few  of  the  stars. 

In  this  brief  soryegr  of  certain  phases  of  the  work  of  the  Solar  Observatory 
there  has  been  no  account  of  many  Important  investigations:  For  example,  a 
i-orrelatlon  of  solar,  stellar,  and  laboratory  observations  of  spectra  which  has 
glvoi  Information  as  to  the  temperature  and  pressure  In  stellar  atmospheres: 
the  connection  of  the  Wolf-Rayet  stars  with  a  later  stage  In  the  development 
at  new  stars;  the  direct  determination  of  parallaxes;  the  photography  and 
study  of  nebuln;  the  systematic  Investigation  of  the  characteristics  of  stdlar 
clusters;  and  the  miscellaneous  observation,  both  photometric  and  st^ectro* 
iKopIc,  of  many  variable  stars.  All  these  stand  In  an  Intimate  relation  to  the  . 
]>roblems  outlined  In  a  general  way  In  the  earlier  paragraphs  of  this  account 

In  closing,  one  other  feature  of  the  observatory's  organization— perhaps  more 
accurately  of  Its  administration — should  be  mentioned.  Besides  the  service 
rendered  by  the  regular  members  of  the  staff,  It  has  had  the  stimulating 
support  of  a  considerable  number  of  men  of  distinction,  who,  at  one  time  or 
another,  have  j<rfned  In  Its  activities,  sometimes  only  briefly  as  visitors,  and 
sometimes  for  longer  intervals  In  the  closer  relation  of  research  associates. 
First  among  these  associates  stands  Kapteyn,  who  for  sevorai  years  has  regu- 
larly spent  the  summer  on  Mount  Wilson.  Something  of  the  observatory's 
Indebtedness  to  his  wise  and  helpful  counsel  will  have  been  evident  from  the 
preceding  pages.  But  there  are  others,  among  them  Nichols  and  Julius,  Gale 
and  Stdrmer,  and  Koch,  Chamberlln,  and  Wood.  With  problems  as  wide  In 
scope  as  those  under  Investigation  at  Mount  Wilson,  questions  of  the  most 
varied  Import  are  constantly  arising.  These  frequently  lead  Into  fields  of 
activity  In  which  others  are  more  qualified  to  speak  than  ourselves.  Temporary 
associations  of  such  Individuals  with  its  staff  have  given  the  observatory  the 
advantages,  both  of  expert  assistance  and  advice,  and  of  the  great  stimula- 
tion which  comes  from  contact  with  fresh  and  original  points  of  view. 

The  Chatbman.  Yes.  This  work  of  the  Mount  Wilson  Solar 
Observatory  illustrates  perhaps  as  strikingly  as  could  any  enterprise 
of  modem  times  the  attacking  of  a  large  problem  with  adequate 
means.  The  problem  of  stellar  systems,  or  even  of  the  sun,  is  a  very 
large  one,  and  can  not  be  hopefully  attacked  except  by  such  means  as 
are  available  at  the  Mount  Wilson  Solar  Observatory. 

The  following  papers  were  presented  and  read  by  title  at  the 
final  session  of  sul^tion  A: 

Los  trabajos  geod^cas  en  el  territorio  argentino,  by  Benjamin 
Oarcia  Aparicio. 

Contribuigao  para  o  estudo  da  oragraphia  brasileira,  by  Gastao 
Kuch  Sturzenecker. 

Metodos  seguidos,  resultados  obtenidos,  organizaci6n  y  fines  del 
Servicio  Geogrdfica  Militar  del  Uruguay. 

Determinaci6n  de  la  profundidad  de  la  costra  terrestre,  by  Galdino 
Negri. 
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LOS  TRABAJOS  6E0D£SIC0S  BN  BL  TBRRITORIO  ARGENTINO. 

Por  BENJAMIN  OARGlA  APARICIO, 
Director  del  Instituto  Oeogrdflco  ArgenHno. 

Todos  los  trabajos  de  esta  Indole  ^nplezan  a  preocupar  a  los  pafses  sud- 
americanos,  tanto  por  sua  fines  inmedlatos  reladonadoe  con  la  respectiva  carta 
geogrdfica,  cnanto  por  las  consecoencias  geom^rficas  e  investigaciones  dentfficas 
que  con  ellos  se  relaclonan.  No  podia  pues,  ni  debfa  faltar  el  tema  geodMco  en 
el  vasto  programa  ofidal  de  este  Gongreso. 

La  conveniencia  de  unlformar  m^todos  y  procedimientos,  la  de  obtener  un  con- 
Junto  arm6nlco  de  pantos  geod^lcos  en  ambas  Am^icas,  la  de  determinar  Hmites 
cartogHLficos  preclsos,  la  probable  necesidad  del  cdlcnlo  de  nn  nnero  eUpsoide 
de  referenda,  son  razones  que,  entre  muchas  otras,  dan  oportunidad  al  conod- 
miento  de  la  orlentacldn  adquirida  al  respecto  por  una  nad6n  como  la  que 
tengo  el  honor  de  representar,  excepdonalmente  apropiada  para  estudlos 
geomdrficos  en  general  dada  su  extensl6n  en  el  sentldo  de  los  merldianos  que 
abarca  33**  de  latltud  y  va,  hasta  altas  latitudes  australes;  y  su  amplitud  en 
el  sentido  de  los  paralelos,  que  llega  a  16*  en  algunas  partes,  dando,  asf,  una 
considerable  superficle  tanto  por  su  magnitud,  superior  a  tres  mUlones  de 
kil5metros  cuadrados,  como  por  su  especial  colocad6n  en  el  hemlsferio  S.  Im- 
perfectamente  conocido  aAn  en  su  forma  general.  A  estas  drcunstandas  debe 
agregarse  la  de  su  conflguraci5n  orogrdfica  que  permlte  dlsponer  de  llanuras 
extensas  aptas  para  la  nftida  detennlnad6n  de  la  figura  tfpica  de  nuestro 
planeta,  por  la  probable  auseucia  de  Irregularidades  locales  de  conslderacldn : 
asf  como  de  las  altas  montafias  de  la  cadena  Andlna  y  de  las  sierras  bajas  y 
alsladas  de  C6rdoba,  La  Pampa,  etc.  que  pueden  servir  de  ejeraplo  tlplco  para  el 
estudio  de  las  irregularidades  locales  del  CMide. 

Hace  tres  o  cuatro  afios  publlc6  el  Ifutituto  Qeogrdfico  del  BMtado  Mayor 
ArgenHno,  instituci6n  en  la  cual  desempefio  el  cargo  de  director,  un  estudio 
te6rico  sobre  las  influencias  de  la  configuracidn  orogrAfica  en  la  dlreccidn  de 
la  vertical,  o,  sea,  en  la  configuraci6n  general  del  geQide.  Bas^se  el  autor  de 
dicho  estudio,  el  Dr.  G.  Schulz,  Jefe  de  nuestra  Secd5n  Geod^ica,  sobre  las 
inyestlgaciones  del  c^lebre  Profesor  Helmert,  y  especialmente,  sobre  los  m^todos 
de  c&lculo  y  resultados  conseguidos  en  el  pais  que  hoy  nos  brinda  su  hospt* 
talldad,  por  el  ingeniero  Hayford  del  CoMt  and  Geodetic  Survey, 

Fu4  basada  la  investigacI6n  sobre  un  piano  altim^trico  general  del  continente 
sur,  considerando  las  masas  hasta  casi  1,000  km  de  distanda  y  suponiendo 
isostacia  a  los  120  km  de  profundidad. 

El  resultado  del  trabajo,  condensado  en  dos  grdflcos  que,  en  forma  de  curvaSr 
representan  las  regiones  de  iguales  desviaciones  de  la  plomada,  dando  uno  de 
ellos  la  componente  norte-sur,  y  el  otro  la  de  este-oeste,  revela  que  en  toda  la 
region  este  de  la  Reptiblica  Argentina  quedan  estas  desTiaciones  abajo  de 
valores  de  2"  a  3",  detalle  que  confirma  1o  que  acabo  de  decir  respecto  a  la 
aptitud  de  nuestros  territorios  para  permitir  un  estudio  concluyente  de  la  forma 
general  de  la  Tierra  o  sea  de  los  elementos  del  elipsoide  por  el  que  la  repre- 
sentamos  en  primera  aproximaci6n. 

Las  sierras  Pampeanas  producen  desviaciones  que  pueden  llegar  a  6",  pero 
abarcan  pequefias  superficies,  no  influyendo  mucho  sobre  los  resultados  de 
mediciones  de  arcos,  siempre  que  con  ^tos  se  abarquen  mayores  extensiones. 

Entrando  ahora  en  las  Cordilleras  del  Norte  y  Oeste,  Uegan  las  desviaciones 
hasta  valores  de  20''  y  30",  tanto  en  la  componente  meridiana  cuanto  en  la 
del  1"  vertical,  siempre  conformes  a  la  conflgaraci6n  de  la  Cordillera  misma. 
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eon  fajtm  estrechas  generalmente  largas»  proporcionando  asf  obJetOB  do  eatudUy 
locaL  Un  caao  ideal  para  investlgaciones  sobre  la  profundldad  de  la  superficie 
de  compensaddn  aerA  tambito  la  circonstaDcia  favorable  del  paralelismo  de 
las  d08  Ifneas  de  Ifmites  orogr^Lfiooa  o  sea  la  del  borde  continental  este  snd- 
americano  y  la  del  pie  de  la  Cordillera,  Ifneas  a  que  podrA  agregarse  coma 
tercera,  tambi^  paralela  a  las  anteriores,  el  borde  continental  oeste,  una  ves 
qne  la  estrecha  y  probablemente  no  lejana  oni^n  de  los  trabajos  geod^icos 
chilOMNi  y  argentinos  pennita  discutir  sus  resultados  en  un  solo  conjunto. 

Tal  es.  en  lineamientos  generales,  lo  esendal  respecto  a  la  favorable  situaci6n 
de  la  R^dblica  Argentina  en  relaci6n  a  los  mdltiples  problemas  que  est&n 
Uamados  a  ser  resueltos  por  las  investigaciones  geod^cas  modemas. 

Pero  en  mi  pais,  como  en  la  mayoria  de  los  estados  dvilizados,  no  pueden 
destinarse  vastoe  y  espedaies  recursos  a  disquisidones  puramentes  dentificas, 
sin  mayores  consecuendas  inmediatas  de  utilidad  pr6ctica« 

Es  mAs  acertado  confiar  su  solucl^n  indirecta  a  aquellos  trabajos  pdblicos  que 
tengan  en  eUos,  o  en  sus  resultados,  un  inter^i  inmediato. 

Han  quedado  asi,  de  hecbo,  en  la  Repdblica  Argentina,  como  encargadas 
de  ocuparse  de  investigadones  geod^icas,  las  reparticiones  que  se  empefian  en 
la  formaci^n  de  la  carta  del  pais,  sin  que  existan  centres  puramente  dentificos 
de  estudlos  espedales  al  respecto.  Estamos,  en  este  sentido,  en  id^nticas  con- 
didones  a  nuestra  hermana  mayor  del  Norte  en  la  que  tambi^n  el  jCoMt  and 
Geodetic  Survey,  oficina  de  aplicaddn  prActica  inmediata,  corre  con  tales 
investigadones,  sin  que  para  ellas  pueda  distraer  sine  tan  s6lo  una  minima 
parte  de  su  personal  y  recursos  como  con  espedal  inters  lo  hemes  leido  en  la 
introducddn  del  Ingeniero  Hayford  a  su  predoso  trabajo  sobre  ''The  figure 
of  the  Barth.*' 

Es  lAstima,  en  ml  opini6n,  que  las  cosas  pasen  asi,  pues  convendrfa  in- 
dudablemente  a  los  servicios  pdblicos  mendonados  inlciar  sus  operadones  con 
elanentos  fundamentales  determinados  ya,  espedaimente  cuando  se  trata  de 
superficies  tan  extensas  como  las  que  preseutan  la  mayorfa  de  los  estados  de 
AmMca,  pero,  por  otra  parte,  es  necesario  declarar  tambi^n,  que  los  elementos 
aproximados  debidos  a  los  extensos  trabajos  europeos  y  norte  americanos,  a 
las  investigadones  fundamentales  de  Bessel  Clarke,  Helmert,  Hayford,  y  otros, 
seran,  probablemente  para  el  hemisferio  sur  y  adn  para  la  extensidn  terri- 
torial del  Brasil,  Argetina  y  Chile,  de  una  aproximad6n  sufidente  pafa  los 
fines  prActicos  immediatos  que  se  persiguen,  pudlendo  dejarse  para  mds  tarde, 
y  para  cuando  crezcan  las  exigendas  de  la  precision  dentifica,  trabajos  propios 
y  espedales  que  permitan  satisfacer  ampliamente  a  problemas  de  carflder 
geom6rfico  y  de  inter68  mundiaL 

Es  por  tales  consideradones  que  yo  no  he  podido  apoyar  en  ml  pais  la  idea 
lanzada  hace  algdn  tiempo,  por  inidativas  aisladas,  de  gastar  varies  millones 
con  el  puro  y  exclusive  fin  de  medir  un  arco  para  hallar  los  elementos  del 
elipsoide  terrestre. 

Tal  medid6n,  por  su  condid6n  aislada,  sdlo  podria  damos  ima  aproximaci6n 
que  no  alcanzaria  a  superar  en  mucho  la  mendonada  anteriormente  y,  por 
otra  parte,  los  trabajos  europeos  y  norteamerlcanos  nos  ban  ensefiado  que  no 
se  necesitan  investigadones  aisladas,  al  respecto,  sine  que  bastan  los  trabajos 
pdblicos  comunes.  Siempre  que  ^stos  sean  debidamente  ejecutados,  podrAn 
aprovecharse  en  la  monumental  obra  que  Ueva  a  cabo  la  Asodaddn  Oeod^slca 
Intemadonal,  institud6n,  sea  dicho  de  paso,  digna  del  intercambio  de  ideas 
entre  pueblos  cultos  que  habltan  una  misma  casa  de  la  que  afin  tan  poco  se 
coooca 
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Lo  que  me  parece  de  importancia  capital*  es  que  en  cada  Birtado  sea  una 
sola  la  repartici6n  que  oorra  con  estoa  ammtoa  o,  en  otroa  tAminoa,  que  todo 
el  seryido  geoddaico  aea  cmtralicado,  poea  adlo  asf  qneda  garantiiada  la  bonMh 
geneldad  de  loa  trabajoe,  ain  la  cnal  no  poeden  oonaegolne  reaoltadoa  peifectoa 
J  unifonnes. 

De  este  modo  aerfa  tambite  m^  f Adl,  que  loa  eatadoa  vednoa  ae  puaieran  de 
acuerdo  sobre  procedlmientos  y  operadonea  comnnea,  aannto  importantfalmo 
para  las  inveatlgadonea  geodMcaa  que  aiempre  reaultarfan  mAa  conduyentea 
tmando  ae  eztendleran  aobra  mayor  aoperflde. 

Son,  por  lo  general,  apremiantes  neceaidades  del  momento  laa  que  Implden 
a  los  hombrea  dlrigentes  de  los  aervldos  cartogrAllcos  desarroUar  metddlca- 
mente  un  plan  geodMco  conyeniente,  pero,  no  obstante,  por  urgentea  que 
aean  eatas  exlgendaa,  slempre  serA  poslble  organizar  aenridoe  deade  puntoe 
de  Tlsta  mfia  elevados  y  de  valor  mAs  duradero  para  loa  pafses  respectlvos. 
Bn  la  B^AbUca  Argentina  ae  empefian  loa  Mlnlsterloa  de  Agrlcultura,  Obraa 
Pdbllcas,  Reladones  Exterlorea,  Guerra  y  Marina,  en  obtener  por  separado 
el  material  cartogrAflco  mda  urgente  para  aatlafticer  laa  tareaa  que  lea  eatAn 
encomendadas.  Sdlo  el  B]4rdto,  que  mAa  neceslta  de  representadones  topo- 
grAficas  exactaa  de  mayorea  reglonea  coherentes,  ha  conaeguldo,  en  eatoa 
Aldmos  15  afioa,  aubordlnar  sus  operadones,  al  prlndplo  alsladas,  a  puntoa 
de  ylsta  elevados  de  los  que,  poco  a  poco,  ae  ha  desprendido  un  plan  general 
de  trabajoa,  el  que  satlafAce  ampliamente  todas  laa  exigendas  de  la  Geodeala 
modema  y  que  no  86I0  permltlrA  al  Imtituto  Oeogrdflco  MUitar  atender  todaa 
las  necesldadea  de  orden  inmedlato,  sino  iamblte  conduchr,  con  recursoa 
reduddos,  la  cartograffa  argentlna  a  una  8olud6n  prActlca  completa,  y  satla- 
factorla  a  la  ves,  tal  que,  abarcando  todos  los  temas  geomdrficoe  antes  Indlcados, 
pueda  considerarlos  paulatlna  y  met6dlcamente,  uno  a  uno,  como  la  dvilizad6n 
universal  lo  exlge  con  deredio  de  la  dvlUzaddn  y  progreso  de  ml  pate. 

HAUase  publlcado  este  plan  general  de  trabajos  en  el  primer  tomo  del 
Anuarlo  del  Inttituto  Oeogrdflco  MUitar,  editado  en  1912. 

S4ame  permltido  trazar  a  grandes  rasgos  y  expresar  en  pocas  palabras,  este 
programa  de  los  trabajos  geod^icos  topogrAflcos  y  cartogrAficos  de  la  RepAbllca 
Argentina. 

Bs  su  prop6sito  satlsfacer,  a  la  par,  todas  las  exigendas  de  la  vida  prActlca, 
debi^ndoee,  conforme  a  la  organlzad6n  polftlca  de  la  R^Abllca,  dejar  amplla 
llbertad  a  la  Inldatlva  de  cada  una  de  las  provlndas  que  la  componen. 

Por  el  enorme  tiempo  y  gasto  que  requlrlrfa,  no  se  ha  pensado  en  cubrir 
a  todo  el  pais  con  una  malla  triangular  compacta,  slno  que  se  trazarA  un 
esqueleto  de  cadenas  trlgonom^trlcas  que  encerrando  cada  provlnda  o  terrl- 
torlo  dentro  de  un  marco  fljo  de  vertices,  d4  la  base  Incomovlble  para  el 
levantamlento  prActIco  de  las  Areas  comprendldas  entre  cadenas,  blen  por 
redes  trlgonom^trlcas  de  relleno,  blen    por    cualquler    otro    procedlmlento. 

AdemAs,  se  harA  recorrer  a  estas  cadenas,  en  lo  poslble,  las  dlrecdones 
norte-sur  y  este-oeste,  de  manera  que  cada  una  represente  una  medld^n  de  arco 
de  merldlano  o  paralelo,  cubrlendo  su  conjunto,  una  vez  ellas  conclufdas,  en 
cAnevas  coherentes  y  slstemAtlcos,  a  toda  la  RepAbllca,  a  fin  de  que  sea  asunto 
sendllo,  despAes  de  las  experlendas  e  Investlgadones  hechas  en  este  pals 
por  el  Ingentero  Hayford,  hallar  d  dlpsolde  que  mAs  se  ajusta  a  la  parte  d^ 
geofde  terrestre  que  cubre  el  terrltorlo  de  la  RepAbllca  Argentina. 

A  fin  de  poder  efectuar  entonces  todos  los  cAlculos  concemlentes,  ya  se 
ha  prevlsto  que  en  cada  cruce  de  cadenas,  ademAs  de  una  base  para  asegurar 
la  precision  lineal,  se  mida  una  estad6n  astron6mlca  completa,  o  sea,  se  llegue 
a  la  determlnaci6n  de  un  punto  de  Laplace.    Aparte  de  este  mfnimun,  se  deter- 
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mlnard  una  eerie  de  otras  latitudes,  longitudes  y  azimutes,  unos  100  puntos 
fundamentales  con  elementos  para  fines  geom6rficos,  a  los  que  se  agregarA 
una  cantidad  tudn  m&a  numerosa  de  puntos  secundarios.  El  total  de  lai 
23  cadenas  trlgonom^trlcas  que  forman  el  plan  fundamental  de  la  triangula- 
cl6n  de  la  Repdblica  (9  merldianas  y  34  paralelas)  representa  la  medicUSn 
de  m&a  de  800  grades  de  arco  de  meridiano  o  paralelo,  destacftndose  entre 
ellas,  como  arcos  coherentes«  un  arco  meridiano  que  recorre  el  centre  d^ 
pals  con  unos  83**  de  extensi6n  y  4  arcos  paralelos  de  15**  el  uno  y  de  12* 
los  demds. 

Serla  abusar  del  detalle  entrar  a  enumerar  los  procedimlentos  ttaiioot 
previstos  para  la  confecci6n  de  estas  cadenas  trigonom^tricas. 

Tales  procedimlentos  se  hallan  expuestos  en  la  publicaci6n  antes  dtada,  y 
se  hallan  rompletamente  de  acuerdo  con  la  tficnlca  moderna  y  con  las  pres- 
cripciones  generales  de  la  Asociaci6n  GeodMca  Intemacional. 

Oonviene  dedr  que  toda  la  labor  se  ad]ustiEir&  a  un  m^todo  Anico  y  uniforme, 
el  seneralmente  aceptado  para  esta  dase  de  trabajos,  y  que,  segtln  los  results- 
dos  conseguidos  ya  por  d  In$tUuto  Oeogrdfico  Military  tienen  las  trlangulaciones 
una  predsidn  angular  de  0,  "5  y  una  lineal  que  varfa  de  1 :  200,000  a  1 :  800,000 ; 
en  las  astron6mlcas  la  aproximaddn  es  unos  0,  "2  en  las  3  coordenadas. 

Estamos  seguros,  poes,  de  que  una  vez  listo  el  conjunto  de  las  cadenas 
trli^nom^tricas,  no  s61o  podremos  hallar  con  elevada  precision  los  elementos 
del  elipsoide,  sine  que  dispondremos  a  la  vez  de  indicaciones  exactfsimas  sobre 
la  profundidad  de  la  superflcie  de  compensaddn,  las  ondulaciones  generales  del 
geofde  en  nuestras  regiones,  y  gran  parte  de  las  produddas  por  condidones 
locales. 

Pero,  las  trlanguladones  no  son  las  tlnlcas  operaciones  con  que  la  RepAbllca 
busca  resolver  las  cuestiones  geom6rflcas  que  a  ella  le  interesan.  Aunque  no 
ha  sldo  posible  todavia  la  instaladdn  de  un  mare6metro  fundamental,  como 
por  ejemplo  los  tiene  en  sus  vastas  costas  nuestra  harmana  la  RepAblica  de 
Chile,  sirviendo  tan  86lo  los  varies  establecidos  en  las  nuestras,  a  objetos 
prActicos  inmediatos  de  construcciones  portuarias,  etc,  existen  ya  todos  los 
preparatlTos  al  respecto. 

Arrancan,  mientras  tanto,  nuestras  nivelacloDes  de  precision,  de  un  horizonte 
convendonal,  drcunstanda  que  no  les  priyarft  en  nada  de  su  valor  tanto  prActico 
como  geom6rflco,  pues,  se  llevan  a  cabo  bajo  un  continue  contralor,  ezduyto- 
dose  todo  error  sistem&tico  y  marc&ndose  sus  costas,  en  el  terrene,  de  la  manera 
mfts  eatable  y  duradera  posible  al  abrigo  de  las  indemencias  del  tiempo  y  de 
las  Influendas  geol^glcas  locales. 

Se  e8t&  pradicando  una  nlveladto  de  predsi6n  que,  a  la  par  de  la  triangu- 
lad6Q,  recorrem  el  pals  en  grandes  pollgonos  y  lo  proveerA  de  una  red  bas- 
tante  densa  de  puntos  fijos  fundamentales.  La  precision  alcanzada  en  las 
nfveladones  es  igual  a  0.6  mm.  por  km.  para  el  error  acddental  e  igual  a 
0.04  nmi.  por  km.  para  el  error  sistem&tico,  de  mode  que  satisface  ampliamente 
a  las  ezigencias  que  la  Asociad6n  Internacional  GeodMca  establece  para  las 
nlreladones  de  alta  pred8i6n. 

Esperamos  que  cuando  se  repita  nuestra  red  de  nivelaciCn  dentro  de  un 
Uempo  radonal  se  podrdn  establecer  con  fadlidad  y  certeza  todos  los  cambios 
que  haya  sufrido  la  corteza  terrestre,  los  que  seguramente  serdn  bastante 
fuertes  en  regiones  geoldgicas  como  las  que  of recen  nuestras  Pampas  y  Ck>r- 
dlU^as. 

Hall&ndose  asl  encaminada  la  geodesia  argentina  hacia  d  rumbo  que  se  ha 
crefdo  m&s  acertado,  para  llenar  las  primordiales  necesidades  cartogr&flcas  y 
de  orden  prftctico  del  pals,  y  orKanizftndose,  no  obstante,  los  trabajos,  en 
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foruu  que,  sio  deticieucia  o  erogaciones  especiales,  puedan  servir,  en  segondo 
t^rmino  a  la  ciencla  pura,  no  perdemos  de  vista  los  trabajos  complementarios 
que,  aiin  slendo  puramente  clentlficos,  no  dejarftn  de  tener  en  un  future  tal 
vez  proximo,  sus  resonancias  en  los  intereses  materiales  de  las  naciones.  Asi, 
entre  otras,  pueden  hacerse,  a  la  par  de  las  observacioues  astronOmicas,  las 
determi naciones  de  gravedad  sin  que  per  ^lo  varfe  la  coniposiel6n  de  laa 
comisiones  en  campafia,  ni  mayormente  el  tiempo  que  ^tas  Invlerten  en  bus 
iareas  fundamentales. 

Oomo  en  cada  cruce  de  cadenas  trlgonom^tricas  se  efecttia  una  estaci^n 
astrondmica  resultarft  que  al  final  tendremos,  al  igual  de  todos  los  arcos  de 
grados,  series  de  determinaciones  de  gravedad  en  coordenadas  sobre  naeridianos, 
lo  que  permitir&  calcular  las  curvaturas  de  unos  7  de  6stos,  entre  los  que 
existe  uno  cuya  longitud,  como  ya  lo  expresamos  anteriormente,  tlene  33*  y 
llega  su  exti-emo  sur  a  laUtudes  australes,  solo  alcauzadas  por  nuestro  conti- 
nente.  Hay  entre  estos  merldianos  algunos  que  en  casi  toda  su  longitud  recorren 
regiones  lianas,  debi^ndose  suponer  la  ffldl  obtenci6n,  con  elloe,  de  valcnret 
normales  de  la  gravedad  y  de  la  curvatura  de  nuestro  hemisferio  sad,  mientras 
que  las  series  de  estaciones  de  gravedad  de  la  region  oeste  o  cordiUerana,  repre- 
sentarfln  valores  afectados  por  las  aglomeradones  de  masas  visibles  y  los  de- 
fectos  «ubterr&neofi  sin  duda  ezistentes ;  de  manera  que,  estos  tlltlmos,  en  coordl- 
Daci6n  con  las  series  del  este,  dar&n  un  valloso  material  de  observaci6n  para 
la  determinaciCn  de  la  superfide  de  Pratt. 

Tales  estudios  serdn  seguidos  por  otros  de  car&cter  local  que  se  Inldan 
de  por  s(  al  hacer  las  determinaciones  gravim^tricas  en  las  estadones  astro> 
ndmicas  necesarlas,  fuera  de  la  red  de  las  cadenas  trigonom^tricas,  y  ellos 
DOS  ensefiardn  la  construcci6n  geol6gica  de  nuestra  parte  de  t^ritorlo  sod- 
americano. 

Efecttla  el  Inttituto  QeogrdfUso  MUitar  sus  determinadones  de  gravedad, 
en  forma  de  determinadones  relatlvas  por  medio  del  aparato  Stemeck  cuadm* 
pendular,  hallflndose  fntimamente  reladonadas  al  sistema  absolute  de  Potsdam 
por  haber  comparado  los  p^ndulos  en  aquel  observatorio  y  por  hallarse  referidas 
a  determinadones  de  gravedad  efectuadas  dentro  del  mismo  sistema*  en  el 
pals,  en  diversos  viajes  dentfficos. 

El  punto  central  de  referenda  en  la  R^dblica  es  el  s6tano  de  Relojes  del 
Imtituto  Qeogrdfioo  MUitar,  o  sea  el  mismo  a  que  se  refieren  tambito  las 
longitudes. 

En  esta  forma  aportarA  la  Repi&blica  Argentina,  con  sus  obras  pUblicas, 
^  6bolo  a  las  Investigadones  sobre  la  forma,  magnitnd  y  constitud6n  de 
nuestro  planeta,  que  la  den'cia  puede  exigir  de  ella,  combin&ndolo  de  tal 
manera  que  resulte,  por  una  parte,  suflcientemente  elevado  el  nivel  de  sus 
trabajos  por  la  ingerencia  que  se  da  a  la  dencia  pura  y  por  la  ampltad6n  del 
valor  de  sus  resultados;  y,  por  otra  parte,  que  la  dencia  pueda,  libremente  y 
sin  menoscabo  alguno,  disponer  de  un  inmenso  y  valloso  material  que,  de  dis- 
tinto  modo,  le  serfa  diffcil  conseguir,  debido  a  las  crecidas  sumas  que  serfs 
necesario  destinarles.  Impfdese,  a  la  vez,  que  la  prdctica  pueda  degenerar 
en  rutina  y  que  la  denda,  manteni^ndose  en  el  campo  de  la  teorfa,  pueda 
perder  todo  contacto  con  la  prildlca  y  hacer  peligrar  la  inmediata  aplicad6n 
de  los  resultados  obtenidos. 

Gulando  su  obra  geod^lco-cartogrAflca  en  tal  sentido,  la  Repiiblica  Argen- 
tina siempre  ha  tenido  en  vista  la  necesidad  de  unir  m&s  tarde  sus  trabajos 
con  los  trabajos  idtoticos  de  los  estados  vednos. 

Por  esta  razdn  las  cadenas  trigonom^tricas  respectivas  corren  lo  mfts  cerca 
posible  de  los  Ifmites  intemadonales,  garantizando  asf  la  uni6n  posterior  de 
grantos  o  sistemas  geodMcos  s61idos  y  de  coherenda  complete. 
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Qoeda  asl,  tombi^n,  plenamente  asegarado  que,  una  vez  producida  la  uniAn 
por  Mteico,  PanamA  y  Colombia  do  la  medici6n  de  arco  francesa  ea  el  Pertk 
y  Ecuador  con  los  Estados  Unidos,  encontrarft  tal  arco  enorme  su  continun- 
d6n  ya  hecha,  no  86lo  sobre  nno,  sino  sobre  varios  merldianos,  de  los  que 
recorren  el  terrltorio  de  la  Reptiblica  Argentina. 

De  la  misma  manera  podrdn  ser  unidos  con  los  palses  vecinos,  los  grande-i 
pollgonos  de  nivelaci6n  que  se  estdn  baclendo  en  la  Argentina.  Chile  tiene 
ya  construldos  varios,  lo  que  permitirA  la  confrontaci6n  de  las  aguas  medias 
del  Atl&ntico  y  Padflco  en  diversas  6pocas  y  latitudes. 

H&llanse  ya  algo  adelantadas  las  iniciatlyas  internacionales  al  respecto, 
pues  con  motivo  de  la  confecci6n  de  la  Carta  al  mlllon^imo  y  para  unitlcu- 
ci6n  de  la  colaboracidn  de  nuestra  parte  continental  al  gron  problema  mundini, 
se  celebraron  conferendas  con  delegados  de  la  Keptlbliea  del  Uruguay,  a  fin 
de  tx)ncretar  ideas,  habiendo  ademAs  Chile  y  el  Brasil  dado  privadamente  su 
fonformidad  con  tal  iniciatiya.  Quedan  pues  ligeradamente  esbozada^  las 
cuestiones  geomdrflcas  a  cuya  soluci6n  puede  contribuir  la  Reptlblica  Argentina 
y  la  forma  como  411a  las  presenta.  ' 

En  nuestra  superflde  de  tres  mlllones  de  klms.'  la  mayor  parte  queda  por 
hacer;  pero  estoy  seguro,  que  no  han  de  desfallecer  las  actividades  en  tolf 
sentldo,  sino  que,  por  el  contrario,  crecerAn  de  continue,  pues  son  las  necftsf- 
dades  materiales  las  que  empujan. '  Espero  asf,  fundadamente,  que,  dentro  de 
breves  afios  la  Argentina,  habr&  aportado  a  la  ciencia  geom6rflca  tan  vallosa 
colaborad6n  como  la  que  han  aportado  los  notables  y  vnstos  trabajos  realizados 
hasta  la  f^ha  por  los  Estados  Unidos. 

Hemes  conseguldo  ya  llevar  a  cabo : 

L  Velnte  determinadones  astron6micas  de  primer  orden. 

2.  Triangulaci6n  sobre  un  arco  de  meridiano  de  8*  en  Corrientes  Ifmite  Este 
del  pais,  con  4  bases  y  4  estadones  astron6mica8.  Triangulaci6n  secundaria  de 
una  predsidn  de  1 :  60  000. 

8.  Triangu]ad6n  en  plena  labor  de  un  arco  de  meridiano  vecino  al  anterior 
hada  el  oeste,  en  Santa  F4,  de  O*"  de  exten8i6n,  con  8  estadones  astron^micas 
y  8  bases,  y  una  precisi6n  angular  de  0",  5. 

4.  A  partir  de  este  arco  dos  triangulaciones  de  arco  de  paralelo  de  2*  con  dos 
bases  y  dos  estadones  astron6micas  cada  una. 

6.  En  ejecucidn,  otro  arco  de  meridiano  de  6**  que  une  hada  el  oeste  las 
eztremidades  ocddentales  de  las  citadas  trianguladones. 

8.  Hada  el  sur  del  arco  del  meridiano  de  6*,  separado  atin  por  150  kilo-, 
metros,  otro  arco  de  meridiano,  en  Buenos  Aires,  de  2*  de  extension,  con  dos 
estadones  astron6micas,  y  dos  bases,  existiendo  para  este  mismo  arco  ya  otra 
base  y  estad6n  astrondmica  a  2*  mds  al  sur  (Mar  del  Plata). 

7.  Un  arco  transversal  de  2*  en  la  regidn  sur-oeste  de  Mendoza. 

8.  Una  trianguladdn  de  meridiano  de  1  a  1)  grades  de  extension  en  el  oeste 
del  pais,  en  el  terrltorio  del  Neuqden,  con  una  base  y  una  estaddn  a8tron6mica. 

0.  Series  de  trianguladones  de  orden  menor  en  diversas  partes,  utilizadas,  a 
la  vez,  para  reconocer  las  triangulaciones  fundamentales  que  mfts  tarde  pasardn. 
por  allL 

10.  Diversos  trabajos  preliminares  y  de  reconodmiento  de  cadenas  trigon6- 
metricas  en  distintas  regiones  del  pais. 

Pudiendo  los  trabajos  geod^icos  que  ejecuta  la  Repdblica  Argentina  interesar 
a  este  Congreso  por  las  consecuencias  que  por  los  m^todos  empleados  han  de 
desprenderse  para  aquellos  Estados  que  no  los  han  iniciado  todavia,  o  los  han 
prindpiado  en  muy  pequefia  escala,  su  enumeraci6n  pone  en  tela  de  Juido» 
entre  otras  cuestiones,  las  siguientes  que  me  parecen  de  importanda  primordial: 

(a)  La  centralizaddn  del  servido  geoddsico  en  cada  Estado,  por  ser  estos 
trabajos  el  fundamento  de  la  labor  cartogrdflca  en  diversas  repartidones  tales 
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como  Obras  Pablicas,  Geologfa  y  Agricultura,  Minas,  Gatastro,  Impoestos,  etc 
Todas  ellas  dispondrfan  aai  de  la  base  Deceiuuria  para  sua  necesidadea  eapedatai^ 
sin  necesidad  de  ocuparse  de  esta  base  qnix&s  en  detrimento  de  la  armoola  j 
precision  de  los  trabajos  fundamentales. 

(b)  Dada  la  extension  superficial  de  la  generalidad  de  los  Bstados  sud- 
americano0»  la  convenlencia  de  hacer  todo  lo  posible  por  eUborar  el  elemeafeo 
geod^sioo  antes  que  los  levantamientos  de  detalle,  sin  lo  cual  son  de  esperar 
dlscordancias  inaceptables. 

(o)  Convenlencia  de  organUuir  el  servicio  geodMco  con  vistas  amplias,  a 
fin  de  que  pueda  satisfacer  a  fines  dentfficos,  sin  ezponerse  mAs  tarde  a  la 
costosa  repetici6n  de  las  operaciones  teniendo  en  vista,  adem^  el  car4cter 
{M*&ctico  que  empiezan  a  asumir  dertas  investJgaciones  que  s61o  se  eonsiderab«m 
hasta  ahora  como  de  inter^B  tedrico. 

id)  Convenlencia  de  la  colaboraci^o  intima  de  los  estados  de  on 
continente,  en  nuestro  case  el  continente  sud-americano. 


CONTRIBUigAO  PARA  O  ESTUDO  DA  OROGRAPHIA  BRASILBIRA. 

Por  GASTAO  RUCH  STURZENECKER, 
Membro  do  Instiiuto  HUtorico  e  Oeographico  BraHleiro. 

umoDVOQko, 

Nfto  6  possivel  alludir  As  elevagOes  que  no  seu  conjunto  formam  as  montmnhas 
do  Brasll  sem  ao  menos  estudar,  ainda  que  de  modo  superficial,  a  constltuicSo 
geologica  deste  tracto  do  globo,  conslderando-o  desdo  o  seu  apparedmento  i 
superfide  do  Oceano  prlmitivo  at6  o  seu  estado  presenta  Proceder  de  forsHi 
differente  serla  levantar  um  edifido  sem  bases  solldas,  serfa  quorer  ezplicar  os 
diversos  elementos  que  constituem  por  assim  dizer  o  systema  osseo  do  Brasll 
eem  determlnar  o  seu  prooesso  formatlvo  na  evolu^  dos  tempos. 

ti  o  massifio  brasileiro  uma  das  terras  mals  antlgas  que  se  conheca  pols  deide 
multo  antes  do  carbonifero  representava  o  rd>ordo  estremo-ocddental  de 
vastlssimo  continente,  que  se  desdobrava  pdo  eqM&co  ora  occupado  pela  AMea 
central  e  meridional,  Madagascar  e  a  peninsula  do  Dekan,  cujas  terras  altas 
desde  6ra  t&o  remota  Jamais  foram  cobertas  pelas  aguas  do  oceano  como  o 
parece  comprovar  a  ausenda  at^  hoje  notada  de  sedimentos  marlnhos  identicos 
aos  depositados  pelo  Indlco. 

A  esse  immenso  conjuncto  de  terras  den  o  ^ninente  geologo  Suess  o  noma  de 
Continente  de  Gondwana  que,  em  sua  oplniSo,  apresentava  perfeita  equ!^- 
lencla  com  a  Lemuria  dos  zoologos. 

Quando  terminou  o  periodo  cretaceo  ou,  melhor,  ao  inidar-ee  o  eoceno 
soldou-se  a  Australia  a  tSo  enorme  bldco,  como  parece  testemunhal-o  sob  o 
ponto  de  vista  zoologico  a  ezistenda  parallela  de  marsupiaes  noe  dous  eztremos 
meridionaes  desse  grande  todo,  na  Nova  HoUanda  e  na  America  do  Sul. 

A  constituigfio  desse  continente  d&  explicacilo  &  permanenda  na  America 
meridional  de  certos  typos  zoologicos  J&  eliminados  em  outras  partes  do  globo 
por  formas  superiores.  No  terciario,  ao  lado  dos  didelpho-marsupfaes  evolula 
typo  superior,  os  placentarioe,  representado  pelo  Megatherium,  gravlgrado 
irigansteco,  de  costumes  analogos  aos  da  pregui^a  brasileira. 

O  mesmo  aconteceu  com  os  simios  dos  quaes  exlstem  no  estado  fossil  ezetti- 
plares  de  Lemurianos  e  Simios  propriamente  ditos  como  os  Arctopithecos,  cojos 
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jMCcndenteg  habitam  ainda  as  nossas  florestas.  Distincto  patricio,  o  Dr. 
Manoel  Bomflm,  adianta,  com  multa  pn^riedade,  que  tendo  o  Brasil  na  sua 
ftmna  marsopiaeSt  desdentados  e  simios  inferiores,  apenas  sSo  encontrados 
a^Dgilgs  na  Australia  e  es  demato  no  centro  e  no  sul  da  Africa  e  tambem  na 
giaode  iiha  de  Madagascar,  sendo  de  toda  a  relevanda  frisar  que  os  desdentados 
•e  Aidiam  localisados  no  extremo  meridional  do  continente  negro.  Mais  uma 
fOi  Tte  pots  esses  animaes  eoi^nnar  pelo  sen  habitat  a  esistencia  desse  con- 
tinente de  Gondwana  ou  do  grande  todo  BrasUio-Btliiopico  de  Neumayw,  con- 
tnnporaneo  dos  fins  do  Jurassico. 

Beatemos  portoi  o  flo  da  nossa  «cposl$fta 

A  unifto  do  chamado  hoje  continente  australiano  n&o  foi  duradoura  porque 
wmo  recalcnmente  da  cresta  terrestre  determinou  a  forma^fto  do  Oceano  Indico 
%  por  consegnlnte,  o  insulamento  da  Nova  HoUanda.  Mais  tarde,  e  provavel- 
par  inrooesso  indentico,  a  dilatacSo  da  area  do  Atlantlco  para  o  Sul 
I  a  America  meridional,  o  Brasil  por  consegulnte,  do  continente  negro. 

Entretanto,  se  a  massa  central  conservava  de  um  mode  geral  o  seu  relevo, 
o  m^smo  JA  nfto  se  dara  com  as  suas  lindes  de  Orlente  e  Occidente.  Em  alguns 
pantos  das  costas  de  oeste  depressdes  se  formaram,  galgando  as  aguas  do  mar 
a  penedia,  e  submergindo-as  completamente,  ao  passo  que  na  outra  borda  do 
eoBtinente  recuava  o  oceano  para  al4m  dos  sens  actuaes  limites,  o  que  importa 
dlaer  que  em  periodo  mais  cbegado  a  n6s  phenomeno  contrario  se  produziu. 

O  Dr.  OrviUe  Derby  vein,  pelas  suas  investiga$5es,  lan(^  bastante  lu«  sobre 
a  constituigao  geologica  do  BrasiL  Verifica-se  dos  sens  trabalbos  que,  com 
ezcepc&o  das  ilhas  de  Fernando  de  Noronba  e  dos  Abrolhos  onde  a  formac&o 
▼ulcanica  6  denunciada  pela  present  all  dos  phonolitbos  e  das  rochas  basal- 
ticas,  nflo  offerece  o  noeso  pais  elementos  que  permittam  affirmar-84i  ter  elle 
sido  o  tbeatro  de  orupfiOes  recentes :  ao  eontrario»  a  grande  abundancia  i!o  rochas 
metamorphicas  no  massifio  brasilico  corrobora  a  opinifto  de  ser  esta  term  anti- 
qniSBlmn,  flcando  at^  nas  cercanias  do  Rio  as  rochas  proto-archaicas  do  conti- 
nente. Nas  serranias  do  Mar  e  da  Mantiqueira  avultam  os  terrenos  primitivos, 
gneiss  graniticoe  na  primeira,  micaschistos  com  gneiss  schistosos  ua  s«)}iund:i. 
Outros  elementos  tambem  offerecem  como  as  turmalinas,  as  ametbystas,  e 
minereos  de  ferro  e  ouro. 

£  principalmente  nas  cadeias  centraes  do  pais,  nos  Estados  de  Minas-Geraes 
e  Ooyax  (Sul),  que  a  ^a  arcbeana  se  manifesta  com  estructura  analoga  ao 
andar  huroniano  dos  Americanos. 

Al^m  dos  quartzsitos  e  dos  schistos  micaceos  slio  encontrados  com  abundancia 
scbistos  ferruginosos :  6  a  zona  dos  itacolumitos  e  itabiritos,  de  espantosa 
riqueza. 

(Nas  terras  altas  do  massigo  guianense  as  rochas  archeanas,  como  o  ;minito, 
atestam  igualmente  a  data  remotisslma  de  sua  exlstencia.  Tal  estado  se 
mantdm  at6  o  Orinoco,  porque,  a  partir  deste  rio  at4  a  cadeia  Maritima, 
a  constituigfto  dos  terrenos  soffre  algumas  alterag(!les. ) 

O  lencol  de  Grez  da  Serra  do  Espinhago  e  tambem  do  chapadtto  inter- 
mediario  ao  Tocantins  e  S.  Francisco  vai-se  extendendo  dahi  para  o  norte, 
atraves  o  Piauhi  e  o  Oard,  at^  terminar  no  Gceano.  De  um  modo  ;£erai  nHo 
ainresenta  elle  fosseis,  se  hem  que  no  chapadSo  do  Parnahiba  tenham  sido 
encontrados  alguns  do  cretaceo.  A  falta  de  pesquizas  mais  completas  difflculta 
estabelecer  o  periodo  ou  periodos  a  que  pertence. 

Ka  secc&o  sul  do  massiiio,  no  Paran&,  em  Santa  Oatharina  e  no  Kio  Grande 
do  Sul,  ainda  surgem  rochas  archeanas  cobertns  de  sedimentos  carboniferos 
e  devonianos,  isto  ao  lado  de  grez  sem  fosseis.  Em  dous  chapad5es  extremos 
do  Brasil,  nos  de  ParanA  e  do  Amazonas,  o  terreno  consta  em  geral  de  cainatltts 
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horlzoDtaes  ou  quasi  horlzontaes  de  achlstos  argilosos,  calcareos  e  de  grm 
pertenoentes  ao  devoniano  e  ao  carbonifero.  No  chapadfto  Intenncdinrlo  do 
&  Francisco  aparecem  tres  camadas  formadoras:  a  {Nrimeira  constitnida  por 
«rez  duro,  scliisto  argilosos  e  elementoB  calcareos,  talvei  dos  tempos  primarlos; 
a  seguDda  formada  por  estratos  horisontaes  de  idiisto  argiloeo  e  gres  (no* 
taboleiros  da  zona  occidental  do  grande  rlo)»  sem  fossels,  e  daasiflcada  segttiMlo 
Derby  no  permiano;  a  terceira,  flnalmente,  constando  do  dmbiiio  gres  e  iichlitei 
arglloeoB,  com  foeseia  do  cretaoea 

Oa  tempos  terciarloe  sfio  assignalados  em  algons  pcmtod  do  planalto;  antm 
em  Minas  (centro)  e  em  S.  Paulo  (Nordeste)  foram  encontradoa  pequenoa 
depoeitos  de  agua  doce  contendo  lignitoe. 

Sedimentos  lacustres  e  fluviaes,  al4m  de  uma  camada  terrosa  sob-a^reat  carao- 
terisam  a  epoca  quaternaria.  Quanto  ao  periodo  gladario,  m^  grado  a 
oplnifio  de  Agassiz,  nfto  parece  estar  provado  que  se  flsesse  sentir  no  BraaiL 

Consideremos  agora,  alnda  que  de  leve,  as  depressdes  amazonica  e  do  Para- 
guay sob  o  ponto  de  vista  geologico. 

fi  opinifio  geral  acceitar  a  primeira  como  a  transformacfio  ultima  de  Imm^Bo 
mediterraneo  cretaceo  apertado  entre  as  tres  grandes  m61es  graniticas  do  pla- 
nalto andino,  do  massi^o  guianense  e  das  terras  altas  brasileiras.  Os  trabalhos 
de  Derby,  Hartt,  Rathbun,  Goudreau,  Suess,  etc,  permittiram  estab^ecer-ee  a 
constituig&o  geologica  daquelle  tracto  de  terra,  que  6  hoje  a  bada  do  Rio-Mar, 
do  colossal  Amazonas. 

Representam  all  a  6ra  paleozoica  elementos  do  siluriano  inferior  e  superior, 
do  devoniano  e  do  carbonifero.  As  Jazidas  carboniferas,  de  symetria  realmente 
curiosa,  avultam  quer  a  Ncnrte,  quer  a  Sul  do  rio-eixo.  Al^  desses  tarrenos 
prlmarios,  outros  pertencentes  As  ^ras  seguintes  concorrem  para  a  formacio 
da  immensa  depress&o;  o  cretaceo  apparece  no  curso  superior  do  Amazonas 
(Alto  Purds)  e  tambem  no  trecho  Inferior  (Monte  Alegre).  Nessas  camadas 
de  grez  surgem  por  vezes  detrictos  de  vegetaes  e  restos  da  fauna  dos  ultimes 
tempos  de  mesozoico. 

Provavelmente  foi  a  depressfio,  no  periodo  secundario,  um  enorme  golpho  do 
qual  era  tributario  o  actual  Marandn. 

O  terciario  tambem  deixou  vestlgios  porquanto  Boettiger,  estudando  os  detric- 
tos peruanos  deixados  provavelmente  all  pelo  Marandn,  6  de  opinifto  que  talves 
representem  o  estutirlo  do  rio  em  epoca  contemporanea  do  eoceno,  isto  6  do 
Inicio  de  terciario.  Actualmente  o  antigo  mediterraneo  cretaceo  estd  transfor- 
mado  em  bacia  fluvial,  tendo  passado  pelo  regimen  intermediario  lacustre,  como 
o  demonstram  os  grandes  depositos  aquosos  que  offarece  na  sua  parte  central* 
depositos  de  contornos  absolutamente  instaveis. 

A  depressSo  do  Paraguay  tambem  apresenta  formac5es  dos  tempos  terdarios 
e  quaternaries,  mas  em  cabegos  isolados  apparecem  materiaes  semelbant^  aos 
que  offerece  o  planalto  brosileiro. 

Na  zona  de  oeste  e  mesmo  na  de  sudoeste  accusam  as  eminencias  rochas 
archeanas,  como  se  p6de  observar  nas  serranias  pampeanas  de  Tandil  e  Yen- 
tana  (granites,  gneiss  e  quartzitos). 

Se  agora  chegarmos  ao  littoral  ahi  encontraremos  numerosos  depositos  are- 
naceos,  al^m  de  rochas  cretaceas  e  de  sedimentos  terdarios,  talvez  de  origem 
marinha  em  muitos  pontes.  £  mais  enoontrado  o  cretaceo,  do  Rio  de  Janeiro 
para  o  Norte. 

Avultam  na  costa  montes  isolados,  de  pequena  elevagfio  e  quasi  sempre  des- 
nudados.    Prendem-se,  physiograpliicamente,  ao  massif  central 

Estudemos  agora  os  prindpaes  elementos  montanhosos  cujo  conjuncto  coos- 
titue  o  que  se  cbama  a  Orographia  Brasilica. 
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O   MA8SI9O   dUTANBNSK. 

O  Dumero  relatiyameDte  escasso  dos  exploradores  dessa  curiosa  e  Immensa 
regfSo  dlfflcnlta  um  tante  o  seu  estndo,  que,  por  isso,  se  toma  at6  certo  poato 
d^ciente;  ainda  asslm,  por  pequenas  que  sejam  as  informacQes  colhidaa, 
•empre  poderemos  ter  um  conhecimento  geral  dessafl  terras  altas  que  se  esten- 
dem  dos  Lhanos  do  Orinoco  fl  vasta  depressfio  do  Amazonas. 

Divide  o  Essequibo  ao  massico  em  duas  partes,  das  quaes  a  oriental  6  uma 
peneplanicie  ardieana  ao  passo  que  na  occidental  o  grez  se  mostra  abundante, 
ooncorrendo  para  o  feito  irregular  dos  leitos  fluviaes,  ricos  em  quedas  e  corre- 
delras.  Apertando  mais  a  descripgSo  geologica  verificar-se-A  que  na  confluencia 
do  Caroni  com  o  Orinoco,  e  tambem  nas  elevacSes  que  cortam  o  massi^o  na  di- 
rec^So  de  Leste-Oeste,  avultam  provas  de  existirem  all  rochas  archeanas. 
Ydain  tragando  o  esbo(*o  dos  terr^ios  dessa  regifto,  mostrou  ahi  a  presenga 
Ininterrupta  de  rochas  primitivas  egualmente  dispostas  de  Oriente  para  Ocd- 
dente.  Como  Jft  deixamos  dito,  o  grez  avoluma-se,  na  constituigfto  dessas  terras 
altas,  no  sen  sector  occidental,  no  valle  do  Orinoco  superior  e  no  trecho  iniclal 
dos  rios  Negro  e  Branco,  ambos  trlbutarios  do  Rio-mar. 

Como  a  norte  da  linlia-eixo  do  massico,  ahi  tamt)em  concorreu  o  grez  como 
causa  determinadora  das  muitas  cachoeiras  e  corredeiras  de  todos  os  rios  da. 
depressfio  amazonica,  mesmo  d'aquelles,  descidos  do  Massimo  central  brasileiro. 
Em  regra  geral  o  grez  apresenta  a  forma  de  camadas  horizontaes  por  vezes 
firagmentadas,  se  bem  que  em  certos  logares  adquira  a  apparencia  de  verdadeiro 
revestimento  de  um  nucleo  granitico. 

Ezemplo  typico  desse  segundo  genero  6  o  monte  Ror&ima  cuja  altitude  excede 
2,000  metros  (exactamente  2,286  m.).  Situado  no  angulo  de  nordeste  da  serra 
de  Paracaima  assim  se  exprime  a  sen  respeito  Lapparent:  "6  elle  enorme 
bloco  quadrangular  de  grez  roseo,  de  paredes  verticaes  e  descani^ndo  sobre 
pedestal  de  granito.**  Como  os  demais  picos,  sens  irmSos  do  planalto,  6  elle  de 
forma  tabular  recordando  dest*arte  o  pcMil  do  Marima,  do  Kukenam  e  do 
Earawai.  A  transic&o  do  massi^o  guianense  para  as  terras  altas  andinas  6 
por  assim  dizer  insensivel  e  nSo  se  faria  notar  se  nSo  existisse  o  valle  do  Orinoco. 
Bssft  arteria  e  o  systema  fluvial  do  Negro-Amazonas  com  o  sen  cordSo  umbilical, 
o  curioso  canal  natural  aberto  entre  os  dous  valles,  o  celebre  Cassiquiare,  man- 
tenedor  do  equilibrio  hydrographico,  entre  a  primeira  caudal  e  o  tributario  do 
Rio-mar,  concorrem  para  transformar  o  massico  guianense  em  verdadeira  ilha 
cujas  costas  orientaes  hoje  sfio  agoitadas  pelos  vagalhdes  do  Atlantico. 

Outr'ora,  em  epoga  remotisslma,  nas  terras  altas,  provavelmente  J&  emergi- 
das  nos  fins  da  6ra  mesozoica,  constltulam  gigantesca  massa  insular  cercada  a 
Norte  pelas  aguas  oceanicas  e  a  Sul  pelas  do  mediterraneo  amazonico. 

Mais  tarde  successivas  alteracOes  da  crosta  terrestre  concorreram  para  a 
transformacSo  dos  mares  terciarlos  nas  extensas  Imcias  de  dous  poderosos  rios, 
ex  vl  da  acgfio  mecanica  das  alluviSes  que,  aos  poucos,  all  iam  sendo  deposi- 
tadas.  Do  nucleo  montanhoso  ao  mar  actijal  flea  a  zona  dos  terrenes  alluvio- 
narlos  constituidos  por  elementos  desagregados  das  rochas  de  grez  corroidas 
pela  acc&o  das  aguas  pluviaes  ou  pelas  correntes  dos  rios.  Ehitram  tam1)em 
em  sua  composicilo  sedimentos  argiloaos  impregnados  de  depositos  salinos  e 
detrictos  vegetaes. 

Tal  mixtura  de  elementos  tfio  dl versos  nfto  devia  delxar  de  produzir  terreno 
de  extraordlnaria  fertllidade  assignalada  por  uma  vegetaQllo  em  extremo 
Ittxurlante. 

Na  margem  meridional  da  grande  arteria  venezuelana,  por  consegulnte  no 
rebordo  superior  do  nucleo  montanhoso  g  no  seu  trecho  superior,  aInda  apparece  o 
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lengol  de  grez  com  o  cerro  de  Duida,  de  2274  metres  de  alto,  n&a  longe  do  Esme- 
ralda e  do  plco  de  Fernando  de  Lesseps,  onde  fleam  as  nascentes  do  "  soberbo 
Orinoco  "*,  conf orme  as  exploragOes  e  pesquisas  do  sea  descobridor,  o  yla jante 
francez  Chalfonjon  (1886). 

Destacam-se  do  massico  central  varios  contrafortes,  que  se  desenyolvem  em 
direccOes  <H>postas,  os  do  norte  na  especie  de  immensa  fiv^la  que  o  mesmo 
Orinoco  desenha  no  sen  ter^  superior.  Se  bem  que  nfio  apresentem  caracter 
algum  eruptivo,  essas  cadeias  lembram  por  sua  dlsposicfto  e  formas  certas 
montanhas  de  origem  vulcanlca,  prlnclpalmente  drcos  Immensos  chamados 
Potreros  pelos  naturaes  do  pais. 

Os  contrafortes  do  Sul,  orientados  em  geral,  de  N.  B.  para  S.  O.  yfim  a  sua 
altitude  apoucada  a  medida  que  se  approxlmam  do  valle  do  Amazonas.  Taes 
massas  graniticas  violentando  a  corrente  do  Negro  e  do  Uaup^  for^aram  estes 
rios  &  adopgSo  do  regimem  das  quedas  e  corredeiras  nelles  tfto  frequentes. 

Este  sector  da  bacia  do  Amazonas  conta  alguns  picosde  regular  altitude  como 
o  Guricuriari  de  1000  metres  de  altitude  segundo  Reclus  e,  mais  a  oriente,  o 
Oaratlma,  no  alto  Rio  Branco.  O  mesmo  phenomeno  das  solugOes  de  continul- 
dade  no  dedive  dos  rlos  6  observado  na  vertente  septentrional  do  massico,  no 
alto  Orinoco.  At6  o  Gasslquiare  o  rio  v6  o  seu  curso  interrompido  por  innumeras 
corredeiras,  os  "raudales**,  mas  a  partlr  daquelle  canal,  com  excep^o  de 
rapidos  que  por  vezes  surgem,  offerece  a  magestosa  arteria  o  caracter  de  uroa 
caudal  de  planlcie. 

MASSI^  CKNTKAL 

Terra  antlquissima  6  o  massigo  central  brasileiro,  urn  dos  terrenoe  *"  mais  esta- 
veis,  mais  rigidos  e  de  menor  dislocagfto  que  exlstem.*' 

Seu  conjuncto  e  a  natureza  de  suas  linhas  despertou  a  atten(^  de  8uea» 
pela  similhansa  que  offerecia  com  o  planalto  dekanico.  Neste  o  recalcamentoi 
central  provocou  a  formacfto  de  bordos,  os  Ghat  (escada),  que  bem  merecem  o 
nome,  em  geral  constltuidos  por  lavas. 

Nas  terras  brasilelras  loi  prlnclpalmente  a  Leste  que  o  phenomeno  se  ac- 
eentuou  dando  origin  &  Serra  do  Mar,  escarpa  oriental  do  massico. 

Dlvergiram  por^m  em  um  ponto  os  baluartes  indianos  com  o  sea  Imfta 
brasileiro :  ao  passo  que  aquelles  guardavam  Intacta  a  sua  muralha  este  soflreo 
uma  brecha  para  dar  passagem  As  aguas  de  um  rio  do  interior,  que,  si  assim 
nllo  fosse,  teria  desenvolvido  o  seu  curso  em  am  parallellsmo  fiel  para  o  oorte 
com  o  do  Tocantins,  indo  levar  tambem  o  seu  eontingente  A  depressflo  do 
Amazonas. 

A  primeira  dlfllculdade  na  descripcllo  da  escarpa  ori^ital  estd  no  estabeleci- 
mento  precise  dos  sens  elementos  formativos,  levada  em  conta  a  naturesa 
dupla  de  sua  constltuicSo,  pois  encerra  ao  mesmo  tempo  verdadeiras  serranlas 
e  simples  elevagOes.  Para  algumas  lonas  os  dados  que  possuimos  permittfim 
dassiflcai^o ;  nfio  assim,  por^m,  para  certas  regimes  cujo  estudo  incompleto  e 
falho  suscita  divergendas  e  provoca  duvidas  e  confusCtes. 

Por  outras  palavras:  se  os  acddentes  do  s61o,  a  Nordeste,  Norte  e  Oeste. 
offerecem  montanhas  tabulares,  em  que  avulta  o  grez,  prova  evidente  portanto 
da  existencla  ahi,  e  activa,  das  forgas  erosivas,  no  emtanto,  a  Leste,  no  Centre 
e  a  Sul  cabe  a  preemlnencia  As  rochas  archeanas,  ao  gneiss  e  ao  granite. 

Abordemos  agora  mais  minuclosamente  a  escarpa. 

Yeriflcaremos  que  no  sector  de  Nordeste,  nos  Estados  de  Rio  de  Grande, 
Parahiba  e  Pernambuco  constituem-a  dlversas  Eleva^Oes  com  os  nomas  locaes 
de  Serras  da  "Borborema",  "JacararA",  "Guandli",  e  "PilSes",  cujos  ele- 
mentos mais  importantes  silo  do  mesozoico.  Mais  a  sul,  em  Alagdas  e  Sergipe, 
apresentam  as  montanhas  outro  aspcoto  geologico:  surgem  ahi  as  rochas  crys* 
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Ulllnng  como  gneiss  verdes,  mica  amarella,  e  grez  em  geral  duro,  al6m  de 
sdilstos.  A  oeste  do  baluarte  se  desenvolve  a  terra  sertaneja  cujas  planicies 
leriemeiite  accidentadas  imprimem  &  terra  aq;)ecto  ameno  e  pittoresco. 

O  Professor  Branner,  que  estudou  esta  regifto,  deu-Ihe  o  nome  de  Trana- 
serrana  on  ainda,  regiAo  archeana.  Ah!  recebea  a  escarpa  as  denominacSes 
de:  cadeia  de  "MarabA,"  serras  de  *•  Itabaiana,**  •H>>mprlda,*'  ••  Cajahiba,** 
elc^  de  altitude  media  r^^ular,  nfio  excedecdo  nunca  800  metros. 

£  neste  sector  que  o  rio  S.  Francisco  consegaiu  veneer  a  mnralha  que  Ibe 
Tedava  o  accesso  franco  ao  Oceano,  assignalando  o  accidente  uma  magnifica 
qneda  conhecida  por  ''cachoeira  de  Paulo  Affonso,**  de  80  metros,  aberta  pela 
eaudal  no  grez  duro  justamente  no  ponto  em  que  o  conjuncto  dos  elementos 
geologicos  do  planalto  parecia  indicar  a  maior  predisposicSU)  para  a  drenagem 
das  aguas  para  o  oriente. 

A  Sul  da  arterla  6  percorrido  o  terrltorio  bahiano  por  duas  series  de  eleva- 
cCtes,  com  paraUelismo  constante,  na  direccfto  N.  B. — S.  O.  A  mais  oriental 
constitue  ahi  o  rebordo  extremo  do  massico.  Sfio  as  Serras  da  **Muribeca,'* 
"Monte  Santo,**  ''Itiuba/*  "Len^^oes,**  continuadas  no  Espirito-Santo  pela 
conhecida  cadeia  dos  *'Aymor^'*  Ahi  cresce  bastante  a  altitude  tendo  o 
botanico  Schwacke  (O.  Derby)  assignalado  um  pico  quartzoso  com  2200  metros. 

Como  a  occidente  do  S.  Francisco,  desdobram-se  al^m  do  rebordo  as  diamadas^ 
Ghapadas,  tractos  de  terra  accidentados,  que  rios  encachoeirados  cortam, 
VBieo  meio  que  ttoi  para  veneer  a  differen^a  de  nivel,  que  vai  das  terras-altas 
psra  a  zona  littoraL 

Em  terras  do  Estado  do  Rio  tern  a  escarpa  os  nomes  locaes  de  Serras  de: 
"Hacah^**  -Orgfios,**  ••Estrena,*^  massico  do  ••TlnguA,**  Cadelas  de  -Lages," 
"Arir^,**  e  **  Bocaina" ;  esta  ultima  j&  em  territorio  paulista,  com  alguns  plcos 
excedendo  1,500  metros.  Em  todas  aiq;>arecem  as  rochas  primitivas,  especial- 
asfite  o  gneiss  granitoide. 

Na  serrania  dos  Orgfios,  principalmente  nas  cercanias  da  cidade  de  Theresopo- 
Us,  existem  plcos  escarpados  emergindo  de  espessas  florestas  sempre  verdes 
e  com  cujo  aspecto  luxuriante  produz  estranho  contraste  a  sua  completa 
avsenda  de  vegeta^fio.  Ttai  tiles  formas  singulares,  pilastras  gigantescas  on 
torres  desmanteladas,  destacando-se  o  conhecido  '  Dedo  de  Deus'  que,  visto  de 
cota  distanda  evoca  a  imagem  de  uma  mfio  fechada,  com  o  indioador  levantado 
psra  o  c^u* 

Redus,  em  sua  magistral  geographia,  opina  que  a  nome  de  Orgftos  dado 
A  serrania  talvez  proceda  das  extensas  listras  de  lichens  brancos  e  pretos  que 
correm  pela  rocha;  outros,  parece-nos  com  maior  raz&o,  sustentam  derivar-se- 
a  appella^fio  da  forma  dos  picos  e  de  seu  paraUelismo. 

O  ponto  culminante  ahi,  que  tambem  o  ^  de  toda  a  cordilheira  maritima^ 
estft  na  "  Pedra  Assil "  de  2282  metros,  conforme  avaliac&o  de  Glaziou,  embora 
arbitre  Mendes  de  Almeida  uumero  mais  elevado  (2400  metros). 

O  massigo  do  ^'TinguA**  (1690  metros)  dest(Va  das  montanhas  que  o  cercam 
sob  o  ponto  de  vista  geologico.  Orville  Derby  4  de  opinifto  que  seja  elle  de 
natureza  vulcanica  apresentando  vestigios  de  crateras  obliteradas.  Alids  6 
bom  de  observar  que  nfio  4  elle  o  unico  ponto  do  massico  brasileiro  que  revelo 
a  cxistenda  de  agentes  plutonicos,  como  succede  no  interior  do  pais,  na  Serra 
do  ••  Bspinhaco." 

O  '^TinguA'*  apresenta  forma  bem  diversa  dos  picos  e  cabecos  das  serras 
de  escarpa:  o  seu  perfil  de  pyramide  truncada  despida  de  vegetac&o  constitue 
o  typo  dassico  das  montanhas  de  sua  natureza. 

Entre  os  contrafortes  da  Serra  do  Mar  6  conveniente  destacnr  o  masslca 
montanhoso  do  Districto  Federal,  com  as  Serras  da  "  Tijuca,**  **  Pretos  Forros,'* 
^'BangA,'*  "  Jacar^pagu&,**  etc.      O  ponto  culminante  demora  na  primeira  e 
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6  representado  por  um  plco,  o  do  *'Andarahl  **  de  aspecto  alteroso  e  plttoreKi» 
pela  sua  opulenta  vegetagfio,  com  uma  altitude  de  1025  raetros.  Bxistem  tarn- 
bem  nesta  secc&o  do  littoral  brasileiro  montes  isolados,  de  constituic&o  archeana, 
e  de  formas  singulaFes,  alguns  at^  de  regular  altura,  como  o  '*  Gorcovado** 
(697  metros),  a  "Gavea"  cujo  perfll  Ihe  empresta  o  nome,  o  "Pllo  de  Assucar/* 
enorme  cone  de  granito  meio  tombado,  A  entrada  de  barra  da  bahia  do  Rio 
de  Janeiro,  defrontado  do  lado  <H>po8to,  e  jA  em  territorio  flnminenae,  por 
montanha  de  forma  quasi  identica  e  de  constituigfto  geologica  IguaL 

Bm  S.  Paulo  a  escarpa  contintla  a  desenvolver-se  em  parallelismo  constanta 
jom  a  borda  do  littoral,  crescendo  em  altitude  na  sua  seccfto  de  sul  onde 
alcanga,  segundo  Mouchez,  1330  m.  nas  "Agulhas**  da  Serra  de  ''ItaUns." 

Recebe  em  seu  percurso  a  SERRA  do  MAR,  (que  tal  4  a  denomlna^  da 
escarpa  em  terras  paulistas)  as  appellidacOes  de  Serras  de:  "Ubatuba,'* 
"  ParanapiacAba,*'  '*  Itatlns**  e  "  GuarahtL**  Do  rebordo  oriental  at6  o  grande 
fosso  recurvo  do  ParanA  correm  as  terras  altas  que  constituem  a  bacia  desse 
grande  rlo,  de  lnclina$fio  geral  de  S.  O.,  de  aspecto  variado  por  causa  de  seus 
multiplos*  recalcamentos  e  lombadas,  ricas  em  valles  de  orientacfto  mais  ou 
menos  semelhante.  Ahi  encontram-se  o  grez  vermelho  e  schlstos  argilosos, 
al^m  de  elementos  basalticos  na  parte  suL  O  rebordo  ou  Serra  do  Mar  t«^m 
composlgflo  identica  d  da  escarpa  em  terras  flumlnenses,  isto  ^  apresenta  gneiss 
e  granito,  al4m  de  rochas  eruptivas  em  alguns  pontes. 

No  Parand  6  conhecida  a  escarpa  ainda  sob  a  denomina^  geral  de  "  Serra 
do  Mar  "  e  designacOes  locaes  de  "  Negra/'  "  Mfte  CJathira,"  "  Gradosa,"  "Cuba- 
t&o,"  eta  Vista  do  mar,  6  eUa  ingreme  e  alcantilada,  de  crista  irregular.  £  sen 
ponto  culminante  o  "  Marumbi "  com  1490  m.  segundo  uma  avaliacfio,  eniquanto 
que  Weiss  Ihe  attribue  1810  metres. 

Os  elementos  geologicos  s&o  ahi  da  6ra  paleozoica:  ahi  se  encontram  o 
granito  e  os  gneiss  schistosos  com  rochas  porphyriticas  e  eruptivas  muitoantigas. 
Para  o  oeste  correm  em  decUve  as  terras  altas,  igualmente  para  o  fosso  fluvial 
do  ParanA,  com  o  aspecto  de  um  verdadelro  Table-land,  com  seus  rios  encachoei- 
rados,  de  aguas  abundantes. 

No  estado  vizlnho  meridional  corre  ainda  mais  para  o  occidente  a  Serra  do 
Mar,  de  aspecto  realmente  pittoresco  com  o  contraste  dos  picos  da  cadeia  do 
'^Chibatfio"  e  os  imponentes  terragos  dos  chamados  "C^ampos  da  Boa  Vista." 
A  constitulgfto  geologica  6  a  mesma,  apenas  havendo  a  mais  deposltos 
do  carbonifero.  No  Rio  Grande  do  Sul  a  altitude  diminue  bastante,  sem  que  se 
alterem  os  elementos  formadores,  apparecendo  por6m  ahi  fragmentos  do  de- 
voniano  e  formagCies  lavicas. 

As  elevagdes  ahi  sSo  de  declive  suave,  conhecidas  na  linguagem  local,  por 
"  lombadas  "  ou  *'  coxllhas,"  expressOes  que  bem  traduzem  as  formas  que  apre- 
sentam.  No  Uruguay  a  natureza  dos  elementos  geologicos  e  a  direcc&o  das 
coxilhas  e.  elevagdes  bem  demonstram  ser  a  regl&o  verdadelro  prolongamento 
do  grande  massigo  brasileiro,  sob  o  ponto  de  vista  physico. 

Lancemos  agora  os  olhos  pelo  interior  do  planalto. 

Ainda  6  na  zona  oriental  que  se  acham  localisadas  as  maiores  elevagOes  que 
ahi  dominam  as  terras  altas,  especialmente  as  Serras  do  *'  Espinhago  '*  e  da  "  Man^ 
tlqueira."  Outras  por^m  existem,  de  caracter  secundario  quanto  &  imponencia, 
mas  de  iinportancia  subida  pelo  seu  papel  na  distribuicdo  das  aguas,  impor* 
tancia  que  decorre  da  direcgfio  a  que  se  prendem,  caminho  de  Geste  e  Noroeste 
pelo  territorio  mlneiro  e  goiano,  a  principio,  para  depois  entrarem  pelas  terras 
mattogrossenses  at6  o  grande  fdsso  do  Madeira. 

Representam  essas  serranias  o  Divortium  Aquarum  das  duas  vertentes:  a 
^  norte-oriental "  e  a  sua  opposta,  a  "  sul-occidental"  ou,  object! vamente,  as. 
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bacias  dos  rios  Amazonas,  Tocantlns  e  S.  Francisco  por  urn  lado  e«  por  ontro* 
aa  dos  diversos  rlos  trlbntarios  do  Paranft  e  do  Paragoai. 

Desta  areata  principal  se  destacam  outraa,  verdadelraa  ramlflca^^Cies  secun- 
darlas,  elementos  dlvlsorea'que  sfto  dos  diversos  rlos,  ora  com  eleva^jllo  pronun- 
dada,  ora  tfio  apagadas  que  em  certos  pontes  desapparecem  quasi  completa- 
mente,  fadlltando  a  communlcacflo  entre  os  trlbutarlos  das  baclas  oppostas. 

Mlnas-Geraes  deve  a  natureza  essendalmente  acddentada  de  sea  sdlo  ao 
tBCto  de  se  desdobrarem  ahl  as  cadelas  que  no  sen  conjuncto  formam  a  esplnha 
dorsal  das  tres  grandes  dlvlsetes  hydrograpblcas  do  palz,  nfto  demorando  longe 
de  Barbacena  o  ponto  central,  o  h6  de  onde  dlvergem  as  prlndpaes  arestas  de 
d^imitagfto.  Destas  ^  a  de  malor  vulto  a  do  *'  Esplnhaso,"  asslm  cbamada  por 
Bschwege,  orlentada  para  o  Norte,  de  percurso  senslvelmente  parallelo  ao  rlo 
8.  Francisco  de  cuja  bada  6,  por  asslm  dlzer,  a  llnde  oriental 

Entram  em  sua  compoal^fto  o  grez  amarello,  quartzltos  e  elementos  ferru- 
glnosos,  entre  os  quaes  os  exlstentes  nos  plcos  de  **  Itablra  **  e  **  Itacolutnl " 
receberam  por  sua  composlc&o  e  abundancla  os  nomes  de  **  Itablrltos  *'  e  "  Itaco- 
lomltoe.*'  Abl  tambem  avultam  o  gneiss,  granites  e  mlcascblstos,  al6m  de 
rochas  eruptlvas,  provas  Irrecusavels  da  actlvldade  desenvolvlda  outr*  ora  all 
pelos  agentes  vulcanlcos.  Os  vestlglos  de  erosfto  ahl  s&o  frequentes,  como  o 
atestam  os  clmos  arredondados  das  cadelas.  Gonslderavel  parece  ter  sldo  a 
accfio  das  aguas  pels  um  geologo,  John  Ball,  do  estudo  dessas  serras  e  do 
regimen  hydrographlco  da  regiSo  tlrou  a  conclusfio  de  que  ahl  devlam  ter 
demorado  os  pontes  culmlnantes  de  massigo  brasllelro,  e  cuJa  altitude,  pensava 
elle,  ezcedesse  ent&o  o  Everest,  Isto  6  a  mals  alta  montanha  actual  do  globo. 

Parecem  continuar  a  Serra  do  Esplnhaso  as  cadelas  de  **  Itacamblra,*'  "  Grfio- 
MogoU*'  e  das.  "Almas,**  esta  ultima  i&  na  Bahla.  Quasi  todas  revestem  a 
forma  de  chapadas.  Numa  extens&o  de  400  km.  encerra  a  cadela  do  Espl- 
nhago  varies  plcos,  sendo  os  de  malor  destaque  o  *' Itacoluml,'*  montanha  de 
quartzlto  (1,020  m.  segundo  Burnton,  1,700  m.  conforme  Gerber  e  Eschwege), 
de  aspecto  singular;  o  "Cara^^"  (1,955  m.),  Igualmente  de  quartzlto,  ambos 
perto  de  Ouro-Preto ;  os  dous  *'  Itablra  *'  na  bada  do  Doce,  um  dos  mals  notavels 
trlbutarlos  de  Atlantico  genulnamente  brasilelros  depols  do  Parahyba  dj^  Sul  e 
do  S.  Francisco ;  e  flnalmente  mals  para  Norte,  e  **  Itamb^  *'  de  constltulgfto  vul- 
canlca  com  1,817  m.  segundo  calcnlo  do  Dr.  Ouls. 

A  serranla  da  "  Mantlquelra  **  forma  para  o  sul  a  contlnua^fio  da  cadela  do 
Esplnhaco,  pouco  se  afastando  a  sua  constltulc&o  geologlca  da  ramlficagfto 
septentrional.  A16m  de  quartzltos  e  mlcascblstos  cont^m  ella  granlto  e  gneiss, 
mas  no  sen  extreme  meridional  apparecem  com  schistos  argllosos  e  grez  sem 
fossels.  Tomam  ahl  as  emlnenclas  a  forma  tabular,  caracterlstica  desse  ultimo 
elemento.  Em  alguns  pontes  da  serranla  ha  rechas  eruptlvas,  como  o  atesta  o 
proprlo  "Itatlala,**  de  origem  relatlvamente  recente  consoante  oplnlSo  do  Dr. 
Derby.  A  partlr  de  n6  central,  a  S.  O.  de  Barbacena,  como  Jd  ficou  dito,  val 
adqulrlndo  a  serra  da  Mantlquelra  malor  altitude  at4  alcangar  o  sen  ponto 
culmlnante  em  terras  flumlnenses,  mas  proximo  a  8.  Paulo,  no  ]&  cltado 
**  Itatlala  *'  com  perto  de  8000  metros.  Flanquelam  a  cadela  diversos  contra- 
fortes  de  extenso  desenvolvlmenta 

As  serras  do  Esplnhaco  e  da  Mantlquelra,  pelo  seu  parallellsmo  accentuado 
com  a  Cadela  Marltlma,  constltuem  segunda  escarpa  do  planalto  em  sua  zona 
oriental,  ligando-se  as  duas  em  terras  paullstas  e  apertando  entre  si  o  valle 
do  Parahlba  do  Sul  de  dedlve  irregular,  interrompldo  que  4  por  muftos  por 
saltos  e  torredelras. 

De  n6  central  para  o  Ocddente  segue  um  correr  de  elevac5es,  descrevendo 
oirva  qoaaf  drcomferendal,  e  a  que  se  pode  chamar  de  **  esplnha  dorsal  **  do 
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massico  brasileiro.  8&o  verdadelras  sallendas  nfto  ezoedentes  a  1000  metroe 
na  media  e  de  onde  divergem  ramiflcacOes.  cnja  relevancla  decorre  serem  ellas 
com  o  tronco  principal  as  determinantes  daa  grandes  bacias  hydrographtcas  do 
BrasiL 

O  trecho  da  curva,  que  representa  o  divortiom  daa  agoas  do  S.  Frandsei^  e 
das  do  ParanA,  tem  o  nome  de  Serra  da  *"  Oanastra ;"  se  attendermos,  por^n^ 
ao  conjuncto  das  serranias  diamadas  da  ''Matta  da  Gorda,*'  **  Santa  Rita," 
"Pyreneus,"  Santa  Martlia,"  "Sfto  Jeronimo,*'  e  "Parcels,'*  que  representam 
a  continuac&o  da  Gadeia  da  Ganastra,  teremos  a  granda  lintia  divisora  das 
vertentes  centraes ;  a  da  depressSo  Amazonica  e  a  do  Paragnai-ParanA. 

Oomo  ramificacilo  importante  citaremos  a  sequenda  das  Serras  de  **8. 
Domlngos,"  das  "DivisOes,"  "  Taguatinga,**  chapad^o  das  **  Mangabeiras,**  etc 

Gonsta  a  composigfto  dessa  "espinha  dorsal"  de  gneiss  quartzo  e  grei,  per 
conseguinte  analoga  a  das  outras  cadeias  de  planalto;  vaf  decrescendo  em 
altitude  a  medlda  que  se  desenvolve  para  N.  O.,  porque  se  alcan^  1080  metros 
na  cliapada  des  *'  Veadeiros,"  cae  a  menos  de  800  metros  em  Matto-Orosso,  na 
Serra  dos  Parecls,  seu  extremo  occldentaL 

A  ultima  secgfio  do  dlvortfum  represents  a  ribancelra  daquelle  medlterraneo 
que  no  cretaceo  separava  as  terras  altas  brasllelras  do  masslco  andlno.  NSo 
offerece  ella  o  aspecto  de  uma  cordllheira  de  niontanbas  e  sim  de  uma  serle  de 
tabolelros  de  uns  500  metros  de  altitude  media,  As  Tezes  interrompldos  por 
montes  isolados  que  os  ezcedem  de  outro  tanto.  A  essa  escarpa  norte-oceldenlal 
do  grande  planalto  brasllelro  deu  Gouto  de  Magalhftes  o  nome  de  "AraxA." 

O  trabalho  de  erosllo  ahl  foi  vivlssimo  pelos  tracos  alnda  bem  Tlsiveis  que 
delxaram  sens  elementos  da  ^ra  paleozolea. 

As  alturas  que  no  extremo  sul  da  depressfio  a  llmltam  a  Orlente  revelam  a 
exlstencla  de  rochas  eruptlvas  que  abrlram  camlnbo  pelas  caroadas  de  gres. 
O  geographo  francez  Reclus,  estudando  esta  parte  do  masslco  brasllelro,  dta  a 
respelto  uma  observacSo  do  engenhelro  Taunay. 

E^ste  proflslonal  estudando  estas  eleya(,*Oes  e  apreclando-lbes  o  aspecto  tabular 
oplnava  orlginnr-se  a  sua  borlzontalldade  das  camadas  sedimentosas  ahl  deposl- 
tadas  por  medlterraneos  de  aguas  d(W:es  ou  salObras. 

Gomo  j&  flzemos  v6r,  quando  alludlmos  A  depressfio  amazonica,  os  phenomenos 
de  que  foi  theatro  a  bacla  de  Rlo-mar  ahl  se  reproduzlram. 

O  medlterraneo  do  cretaceo,  em  communlcacfio  com  o  seu  IrmSo  do  norte 
pelo  estrelto  apertado,  que  ora  6  preendildo  pelo  trecho  do  curso  de  Madeira 
Tlslnho  da  embocadura  do  Guapor^,  ylu-se  delle  separado  pela  soldadura  que 
transformou  aquelle  canal  em  Isthmo,  ao  mesmo  tempo  que  nas  suas  llndes  Ib- 
ferlores  as  communlcacOes  se  tornavam  eada  Tez  mals  dlfllcels  com  o  Oceano,  at^ 
que  flcou  Intelramente  separado  das  aguas  marlnhas,  transformando-se  em 
enorme  extensfto  lacustre.  Gomo  na  depressSo  amazonica  alnda  apreeeota 
Testigios  dessa  phase  anterior  a  do  Parand-Paraguay  na  chamada  lag6a  de 
••  Xarayes,"  provavelmente  o  "  fond  de  cuvette "  do  antlgo  medlterraneo. 
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MJfrrODOS  SEGUIDOS,  RESULTADOS  OBTENIDOS,  ORGANIZACION 
T  FINES  DEL  SERYICIO  GBOCRAFICO  MILITAR  DEL  URUGUAY/ 

Pot  SILVBSTRE  MATO. 
Jefe  del  Servicio  Cfeogrdflco  MUitar  del  Uruguay. 

Atin  cuando  el  boletfn,  caadros,  y  l&minas  que  se  someten  a  la  ilustrada  con- 
•ideraddn  del  Congreso  Clentfflco,  dan  idea  detallada  de  los  m^todos  seguidos, 
resoltados  obtenldos,  organizacidn  y  fines  del  servicio  geogrdfico  militar  del 
Uruguay,  Juzgamos  de  utilldad  presentar  el  resomen  sint^tico  que  va  a  continua- 
ddo. 

TBIANanULCldN    GENERAL. 

Para  ten^  las  veriflcadones  indispensables  a  toda  triangulaci6n  general,  se 
proyectaron  cuatro  cadenas  meridianas  y  cinco  paralelas,  que  dividen  el  terrl- 
torio  de  la  Repdblica  en  once  cuadrilAteros-asonas. 

imabch  20,  1917. 
DiAB  Sir:  I  take  partlcolar  pleMore  la  statins  that  tbe  executive  committee  of  the 
Second  Pan  American  Scientific  Congress  is  permitted,  through  the  courtesy  of  His  Ex- 
ceUency  the  Minister  of  Uruguay,  to  present  to  the  diyi&ion  of  which  you  have  charge 
una  carta  geogrflfica  de  la  Repfiblica  del  Uruguay  and  Illustrations  and  lAmlnas  with 
respect  to  the  subject  of  the  triangulatlon  of  Uruguay. 

These  documents  were  ofDdally  submitted  for  the  consideration  of  the  Sdentiflc  Con- 
gress by  His  Bxcellency  on  the  part  of  the  Servicio  Geogrftflca  HiUtar  del  Uruguay,  the 
chief  of  which  Is  tbe  Teniente  Coronel  SUvestre  Mato,  and  are  now  presented  for  deposit 
iB  yoor  division  In  accordance  with  the  wishes  of  His  fizcellency  the  Minister  of  Uruguay 
a»d  tbe  chairman  of  Section  II,  Dr.  Bobert  S.  Woodward. 
Very  ftUthfully  yours,  • 

GUBN  Livin  Swiogbtt, 
Assistant  Secretary  General  Second  Pan  American  Soientiflo  Ocngress. 
Hmi.  B.  Listir  Jonss, 

MuperlHtendent  Ooatt  mnd  QeedeHo  Swrvey,  Department  of  Oommeroe, 
WasMnffton,  D,  0. 

DSPABTMSNT  OF  COMMEBCI, 

U.  8.  Coast  and  Gbodetic  Subvet, 

WasMnffton,  AprU  11,  1917. 
Hsa.  OuiN  Lbvim  8wio«btt, 

Assistant  Secretary  General,  State  Departtnent  Awsew, 
Ui$  3^M9  Tori;  Avenue,  Washington,  D,  0, 
IfT  DBAS  Sib  :  I  trust  you  will  pardon  my  delay  In  replying  to  your  letter  of  March 
S6,  1S17,  but  I  was  awaiting  the  arrival  of  the  generous  donation  through  the  courtesy 
of  His  Bxcellency  the  Minister  of  Uruguay,  mentioned  therein. 

TIUs  was  received  yesterday,  consisting  of  the  following  sheets,  folders,  and  photo- 
grmphs: 
Thirty  sheets  of  the  geographic  map  of  Uruguay  (Carta  OeogrAflca  del  Uruguay). 
One  map  of  Gula,  Uruguay,  1010. 

One   map  showing  the   scheme   for  the   general   triangulatlon    of   the   Bepubllc   of 
Uruguay. 
Five  photographs  of  Instruments  used  in  the  triangulatlon  of  Uruguay. 
Sixteen  folders  containing  data  in  regard  to  the  primary  triangulatlon  of  Zone  1  of 
Uruguay. 

Ptosse  convey  to  His  Bxcelleney  the  Minister  of  Uruguay  in  behalf  of  the  United 
States  Coast  and  Oeodetle  Survey  osr  warn  thanks  and  appreciation.    This  donation 
will  be  placed  in  our  library  and  I  have  no  doubt  but  that  it  will  be  a  valuable  source 
ai  reference  for  Information. 
I  as^  very  truly  yoofs, 

JONSS,  Superintendent, 
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En  lo8  cnizamientos  de  las  citadas  cadenas,  we  mide  una  base,  resoltando  as! 
que  cada  lado  del  cuadrlldtero  o  sea  cada  troaeo  de  cadena  de  150  kms.  tdrmino 
medio,  tiene  su  veriflcacidn. 

Los  caudril&teroB-zonas,  se  reHenan  con  el  inrini^  orden  eomplementario,  el 
segundo  y  tercer  orden. 

V^BTICES  Y   SENALB8. 

Los  vertices  de  los  trl&ngulos  se  materializan  en  el  terreno  por  medio  de 
monolitos  a  base  de  bormig6n  de  Portland  y  se  les  da  mayor  yisibilidad  con 
seflales  de  madenu 

LONQrrUD  DB  LOS  LADOS  DB  FBIICEB  OBDEN. 

£1  territorio  de  la  Repdblica  es  una  planide  ondulada,  donde  todas  las  eleva- 
ciones  tienen  pr^ximamente  el  mismo  valor.  Existiendo  muy  pocos  puntos  de 
altura  dominante,  tambi^  son  escasos  los  lados  de  primer  orden  que  llegan  a  40 
o50km. 

La  longitud  media  de  ^tos  es  de  25  a  80  kms. ;  pues  pasada  esta  distancia, 
las  visuales  se  vuelven  muy  rasantes  y  la  imagen  insegura  por  la  movilidad  de 
las  capas  atmosf^ricas,  pr6ximas  a  la  superficie 

OBSEBVACIONES  AZIMT7TALES. 

El  m^todo  general  seguido  para  las  observaciones  azimutales  es  el  de  vueltas 
ae  horizonte.  La  corta  longitud  de  los  lados,  la  nitidez  de  la  atmdsfera  durante 
el  Otofio  e  Inviemo  y  el  tipo  de  mira  adoptado,  nos  permiten  emplear,  casi  en 
absoluto  aquel  procedlmlento  y  hacer,  con  resultados  satisfactorios,  yisecci6n 
de  las  miras  desde  los  pllares  de  observacMn. 

Por  esta  causa,  s61o  por  excepcidn  se  usan  las  seflales  Opticas  y  el  m^odo 
de  combinaciones  binarias,  mds  complicado  en  cdlculos  y  que  emplea  mAs 
tiempo  en  el  terreno.  Las  observaciones  azimutales  se  bacen  con  20  series  de 
reiteraciones,  para  el  primer  orden ;  con  10  y  4  para  el  segundo  y  tercer  orden 
respectivamente. 

OBSEBVACIONES  ZBNITALES. 

Las  observaciones  de  dngulos  zenitales  se  bacen  cop  5  series  para  el  primero 
y  segundo  orden  y  con  2  para  el  tercer  orden. 

LfMrnC  DB  PBECISI6N. 

El  limite  de  precisi6n  adoptado  para  la  medida  de  bases,  es  tvAty  '•  Pi^ra 
los  lados  de  primero  y  segundo  orden,  nnAnnr  7  P^^^  los  de  tercer  orden,  T^ivT* 
Pero  en  los  elementos  calculados  basta  la  fecba  se  ban  conseguido  limites  de 
precisidn  muy  superiores. 

COOBDENADAS  GBOQBIiICAS. 

Para  tener  las  coordenadas  geogrAflcas  de  la  triangulacidn,  se  barAn  obserra- 
dones  de  gran  predsi6n  en  cinco  puntos  de  la  red:  Bidart,  en  el  cruzamiento 
de  las  cadenas  centrales  meridiana  y  paralela ;  Montevideo  y  Rivera,  extremes 
sur  y  norte  de  la  cadena  meridiana  central;  Fray  Bentos  y  Villa  Artigas, 
t^rminos  oeste  y  este  de  la  cadena  paralela  central. 

Para  comprobacidn  se  bardn  observaciones  astrondmicas  de  campafia  en 
todos  los  cnizamientos  de  cadena,  cuidando  la  determinacidn  del  azimut,  que 
podr&  ser  utilizado  en  la  compensaci6n  de  los  azimuts  de  las  mismas. 
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Hasta  el  presente  se  ban  medldo  slete  bases ;  sets  en  los  cnices  de  las  cadenas 
meridianas  y  paralelas  que  cierran  las  zonas  Ntlm.  1  y  2,  y  otra  pr6xlma  a  la 
Lagona  Merln,  utlUzada  en  la  rectificaddn  de  nnestra  frontera  con  los  Estados 
Unidos  del  BrasiL 


Bn  el  coadro  sigoiente  figoran  la  longitud  que  tienen  y  la  diferenda  entre  la 
Ida  y  la  vuelta  de  cada  una  de  ellas. 


Baset. 

Longitud. 

Dlfe- 
rancJ* 
tntroli 

IdSTlft 

voelta. 

Montff , 

7, 716  m.  546. 17 
6, 183  m.  062.43 
8, 600  m.  786. 24 
8,311m.  043.00 
7, 722  m.  418. 35 
8,617  m.  677.47 
U,718m.  861.36 

Urn. 

27.60 

CvToChato , , 

13.64 

Florldft. 

2.24 

Ctrro  Colondo 

43.20 

IfeHIla 

6.2 

10.51 

ArtisM 

21.28 

Para  la  medida  de  la  base  de  Maldonado  se  dlvidl6  dsta  en  cnatro  sectores, 
fijando  tres  rep^res  a  convenientes  distancias.  Se  emplearon  cnatro  operadores 
para  la  lectura  de  los  bllos;  trabajando  en  cada  sector  dos  operadores  y  los 
otros  dos  bilos  a  la  vuelta.  La  ventaja  de  baber  dlvidido  la  base  en  cnatro 
sectores,  fuera  de  que  puede  reportar  una  mejor  compensacldn  de  errores,  se 
puso  en  evidencla;  pues  babi^ndose  notado  una  diferencia  en  la  medida,  txA 
f&cil  localizarla  en  un  sector  y  bacer  la  rectiflcaci6n  con  solo  un  medio  d(a 
de  trabajo. 

cAlculob. 

Para  tener  la  proyecddn  de  las  bases  al  nlvel  del  mar,  se  toma  primero 
como  desnivel  medio,  la  mediana  entre  las  niveladones  geodMcas  y  topo- 
gr&ficas  efectuadas  en  ellas  y  despu^  se  reflere  este  desnivel  medio  al  cero 
estableddo  en  el  Puerto  de  Montevideo,  vali^ndose  de  una  niveladdn  topogriifica 
practicada  desde  uno  de  los  extremes  de  cada  base  al  punto  mAs  proximo  de  la 
via  f 4rrea. 

Preparadas  las  bases  y  las  direcdones  angulares,  se  precede  a  la  ampliflca- 
d6n  y  compensad^n  correq;)ondiente,  por  d  m^todo  de  los  menores  cuadrados. 
Previo  acuerdo  de  bases,  se  bace  la  compensad6n  de  las  cadenas  meridianas  y 
paralelas,  por  el  mismo  m^todo.  En  esta  forma  cada  cuadril&tero-sona  queda 
Umitado  por  un  sistema  rlgido  de  cnatro  cadenas,  a  las  cuales  se  subordlna  la 
compensad6n  de  la  red  de  relleno. 

Para  facilitar  la  compensad6n  del  primer  orden  complementarlo,  se  divide 
cada  zona  en  dos  o  tres  trozos  que  se  apoyan  en  las  partes  de  cadena  que  lea 
corresponde. 

Hecba  la  compensad6n  de  Angulos  y  lados  se  resudven  los  tri&ngulos  de 
INrlmer  orden  aplicando  d  teorema  de  Leyandre. 

Zona  Niitn,   t. 

Bn  la  Zona  Ndm.  2  se  ban  terminado  las  operadones  del  terreno,  dftndose 
prindplo  a  los  c&lculos. 
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T^cer  ordefL 

Para  no  recargar  de  datos  los  trabajos  qoe  Be  presentan,  no  se  agregan  Im 
cdlcnlofl  y  resnltados  del  tercer  orden. 

CABTA  OIOOBlnCA  DB  LA  BEFt^BUCA — ^Afto  1910. 

La  Carta  GeogrAfica  de  la  Reptkbllca — afio  1910 — fu6  confecdonada  en  la  8ra 
Divisito  del  Bstado  Mayor  General  d^  Bjtodto,  bajo  la  dlrecdfo  del  actod 
Jefe  del  Serviclo  Geogrdflco.  Es,  en  realidad,  nn  trabajo  preUmlnar  o  anl»* 
proyecto,  con  las  Imperfecdones  y  errores  proplos  a  las  cartas  por  noticlaa, 
Impresas  en  talleres  en  fomiacl6a 


DBTERMINACI6N  DE  LA  PROFUNDIDAD  DE  LA  CORTBZA 
TERRBSTRB  POR  MEDIO  DB  LA  SISMOLOGfA. 

Por  GALDINO  NEGRI. 
Bneargado  del  Servicio  8i$mico  del  Observatario  Astron&mico  NaeUmai  de  £• 

Plata. 

El  profesor  Jos^  Loukaachewitz  del  Instituto  Geol6glco  de  la  Unlversldad 
de  Petrogrado,  en  su  trabajo  La  vie  inorgatUque  de  la  ierre  (Petrograd.  1911), 
lleg6  a  determlnar  entre  otros  elementos  geoldglcos:  el  valor  correspondiente 
a  la  profundidad  de  la  corteza  terrestre,  por  tres  m^todos  distintos:  1*.  Par- 
tlendo  de  las  anomaUas  de  la  gravedad  en  la  superflcie  terrestre  y  del  espesor 
de  lo8  sedimentos.  2*.  Tomando  por  base  del  dUculo  ^  grado  geot^mico 
medio  (esto  es:  el  amnento  de  un  grado  de  temperatura  por  cada  33  m.  de 
profundidad)  y  la  supuesta  propiedad  fundamental  del  magma.  3*.  Tomando 
como  punto  de  partida  la  contraccidn  de  la  superflcie  terrestre  debida  a  esfuerzos 
orog^nicos. 

Por  medio  del  primer  m^todo,  el  profesor  Loukaschewltz  obtuvo  como  Ifmites 
para  el  eq;>e8or  de  la  litosfera  un  valor  m&ximo  de  84  km.  y  un  valor  mfnimo 
de  46  km.,  y  por  consiguiente,  un  promedio  de  66  km.  Por  medio  del  segundo 
m^todo  obtuvo  un  valor  medio  de  70  km.  T  por  medio  del  tercer  m^todck, 
obtuvo  un  valor  medio  de  68  km. 

El  objeto  de  esta  Memoria  es  determlnar  aproxlmadamente  la  profundidad 
de  la  corteza  terrestre,  utilizando  tan  solo  criterios  sismol6gicos. 

Es  un  hecho  comprobado  por  va&B  de  dies  alios  de  contlnuas  observadones, 
que,  la  velocidad  aparente  (veloddad  medida  sobre  el  arco  de  cfrculo  m&zime 
epicentro-estaci6n)  de  los  primeros  tr^mltos  prelimlnares,  es  sensiblemente 
constante  basta  una  derta  distancia  epicentraL 

Esta  velocidad  ha  sido  por  ml  calculada  con  toda  la  aproximad6n  posibtob 
y  encontr^  respectivamente  los  valores  de  0.4395  y  0.448  mlllares  de  km.  por 
minuto  para  el  epicentro  y  para  la  distancia  epicentral  de  1,000  km.  que  oo- 
rresponden,  pues,  respectivamente  a  7.82  y  7.42  km.  por  segundo.* 

Teniendo  en  cuenta  que  la  diferencia  entre  ambos  valores  es  muy  pequefia, 
podremos  desde  luego  despreciarla,  sin  sensible  error  y  de  consiguiente  tener 
por  cierto,  segdn  cuanto  nos  ensefia  la  experiencia,  es  dedr,  la  observaddn 
directa,  que  la  velocidad  es,  basta  cierta  distancia  epicentral,  sensiblemente 
constante. 

1  **  Belaiioni  razionali  pel  calcolo  della  distansa  epicentrale.  VelodtH  medle  appareati 
ed  asiolate  apparent!  del  prlml  tremitl  prellminari,'*  per  Galdino  Negri.  Bn  "Analea  de  la 
(Bocledad  Clenttaca  Argentina,*'  Baenoa  Aires,  1018.  *<  RianltatI  raaionali  ottenati  da  «•» 
•tndio  di  InTeatigasione  alamica,*'  per  Oaldino  Negri.  *'BoletIn  de  la  Sodedad  Blsma- 
Mgica  Sad  Andina.*'  1914.  San  Joan. 
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De  iiiod<H  pnef,  que  para  distandas  epicentrales  que  no  taperan  loa  1,000  km*, 
podemos  oonslderar  con  mucha  aproximaddn  el  valor : 

miUares  de  km.  por  minuto,  o  eea,  7.885  km.  por  eefiindo,  oomo  velocldad  media 
aparente  de  los  primeroa  tr^mltos  prelimlnarea. 

£<n  otroa  trabajos^  he  demonstrado  que  los  prlmeros  y  segnndos  tr^mitos 
preliminarea  tienen  que  reoorrer  trayectoriaa  que  aproximadamente  coindden 
con  las  caerdaa. 

81  la  veloddad  aparente  de  los  prlmeros  trteiltos  preUmlnares  pennaneoe 
constants  para  arcos  no  superlores  a  una  derta  dlstanda  epicentral,  se  saca 
come  oonsecuenda  que  tambi^n  la  veloddad  real  (veloddad  medlda  sobre  la 
cnerda)  dd)erA  permanec^  constante  para  toda  la  longlttid  de  las  cnerdas 
oorreepondlentes  a  dlchos  arcos. 

Ahora,  para  que  la  vdoddad  oi  nn  medio  resnlte  senslblemente  constante,  es 
predso  que  en  cada  panto  dti  medio  donde  se  produce  la  propagad6n  sea 

constante  la  reladdn  j  (^  elastlddad  del  medio;  d,  densldad). 

Para  que  ^  sea  constante,  es  predso,  o  bien :  que  fi  y  d  con  el  aumento  de 
la  profiindidad  varfen  proporcionalmente  al  mismo  valor,  o  bien:  que  ambos 
permanescan  constantes. 

Pero  bien  sabemos  que  la  litosfera  o  corteza  terrestre  estA  constitulda  emi- 
nentemente  de  rocas  cuya  densldad  media  difiere  poco  de  los  extremes  (ex* 
ceptuadas  algunas  que  ocupan  las  partes  m&s  superflciales  de  la  costa  terres- 
tre), de  mode  que  puede  aceptarse  que  la  litosfera,  tomada  en  su  conjunto, 
tiene  una  densldad  casl  constante. 

En  efecto :  la  parte  de  la  costra  acceslble  a  nuestras  investlgaciones  directas, 
o  sea  experimental,  y  que  nosotros  conocemos  basta  cerca  de  los  2,000  m.  de 
profundldad,  est&  compuesta  con  material  rocoso  de  cerca  de  2.6  de  densldad 
media  con  los  extremes  de  2.3  y  2.7;  mlentras  las  rocas  de  profundldad  que 
constituyen  la  parte  m&s  pesada  de  la  costra  y  que  en  general  ocupan  la  parte 
mAs  profunda  de  ella  tienen  una  densldad  que  varf a  de  2.7  a  8.4 ;  y  en  conse- 
cuenda  una  media  de  3.05. 

Tendremos  de  esta  manera  que  la  costra  terrestre  puede  ser  considerada  en 
su  conjunto  constltufda  por  un  medio  de  densldad  media  senslblemente  cons- 
tants de  2.78  con  los  extremes  de  2.5  y  8.05. 

De  manera,  pues,  que  siendo  para  toda  la  litosfera  d  senslblemente  constants, 
0k  tambi^n,  por  cuanto  he  dlcho,  tendr&  que  permanecer  senslblemente  constante 
para  toda  la  profundldad  de  la  litosfera. 

Sabemos  tambi^n  como  hecho  indiscutlble  que  las  velocidades  de  los  prlmeros 
tr^mitos  preliminarea  medldas  sobre  el  arco  de  circulo  mdxlmo  (veloddades 
aparentes)  para  dlstandas  epicentrales  superlores  a  un  derto  valor,  aumentan 
Hlpldamente  hasta  cierto  Ifmlte;  y  ocurre,  pues,  que  tambl^n  las  velocidades 
medldas  sobre  las  cuerdas  (velocidades  reales)  tambi^n  deberdn  aumentar 
rdpldamente  hasta  derto  Umite  con  el  aumento  de  las  mlsmas  cuerdas. 

8er&  entonces,  como  16glca  e  Inroediata  consecuenda,  que  si  pudl^ramos  medir 
directamente  la  veloddad  con  la  cual  los  prlmeros  tr^mltos  prelimlnarea  se 
propagan  a  lo  largo  del  radio  terrestre,  desde  la  superflcle  hacia  el  centre 
de  la  tlerra,  se  obtendrA  un  valor  casl  constante  hasta  una  clerta  profundldad; 

s^NaoTO  coDtribato  alia  detennlnailone  railoDale  die  alcnne  fnnsionl  slsmlche" 
(prooto  per  la  pobbllcazlone),  per  Galdino  Negri.  "Alcnne  conslderaxlonl  riapetto  alle 
coatantl  Implegate  dall'Oaaervatorio  SIsmograflco  dl  Lima  pel  calcolo  della  diatansa  epl- 
eantiale  "  lo  poblicart  la  **  Bevista  de  Clenclaa  **  de  Lima. 

6843^~voL  n— 17 ^21 
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J  desde  este  pnnto  la  yeloddad  amnentarfa  continoa  j  sensibillsimaiiiente  para 
profandidades  mayores. 

Pasando  del  concepto  sfsmico  al  concepto  geol6gico  ae  ve  claramente  que  al 
ya  mencionado  estrato  en  el  cnal  ii  j  d  permanecen  cast  conatantes  (lltoafera, 
costra  terrestre)  tieiie  qne  sucederle  un  estrato  constltufdo  por  nn  medio  en 

a 

el  cual  J  debe  aumentar  de  modo  continuo  y  sensible  hasta  una  derta  pro- 
fundidad.  Naturalmente,  en  este  segondo  medio  tanto  |i  como  d  anmentan 
continuamente  hasta  cierta  profandidad;  pero  como  por  cuanto  he  dicho  la 

relaci^n  ^  debe  aumentar  sensiblemente  hasta  esa  profandidad,  sucede  que 
n  debe  aumentar  mAs  rftpidamente  que  d. 

Desde  la  superficie  hacia  el  centro,  al  estrato  de  la  oostra  terrestre,  en  ti 
cual  densidad  y  elasticidad  pormanecen  casi  constantes,  sucederd  bruscamente 
un  estrato  en  el  cual  elasticidad  y  densidad  aumentarto  rftpidamente  (elasti- 
cidad, m^  rftpidamente  que  densidad)  hasta  una  dorta  profandidad. 

Digo  bruscamente  porque  he  podido  comprobar  en  mis  trabajoa  mencionados 

al  final  de  esta  nota,  que  el  diagrama  de  las  veloddades  absolutas  aparentes 

/^^  d8 
de  los  primeros  tr^mitos  preliminares :  (  '^'^^f  siendo  8  la  distanda  epi- 

central,  y  I  el  tiempo  empleado  para  recorrer  dicha  distanda)  despute  de 
dtf ta  distanda  epicentral,  se  desvfa  rApidamente  de  direcddn,  y  las  ordenadas 
adquieren  bruscamente  valores  cada  vez  m&s  grandes;  en  otros  terminus:  los 
dos  diagramas  no  se  empalman  sino  que  forma n  un  punto  brusco. 

EUo  quiere  decir,  repititedome,  que  tan  pronto  como  se  alcanza  una  derta 
profandidad  a  determinarse,  /i  y  d,  y  por  consecuenda,  W,  sufren  un  brusco 
incremento  (pero  siendo  siempre  el  Incremento  de  m  mayor  que  el  incremento 
de  d). 

Ya  he  dicho  que  la  velocidad  aparente  permanece  constante  hasta  una  dorta 
distanda  epicentral,  y  despu^  para  distandas  epicentrales  mayores,  aumenta 
continua  y  a  la  vez  sensiblemente  hasta  un  derto  Umite ;  desde  este  Hmite  para 
adelante,  para  distandas  epicentrales  cada  vez  mds  j^randes,  la  velocidad  apa> 
rente  sigue  siendo  todavia  casi  constante. 

Este  tambi^n  es  un  hecho  que  ya  no  admite  discusiones. 

Tenemos,  por  consiguiente,  que  la  velocidad  real  despu^  de  ciertu  profun- 
didad  para  adelante,  hasta  el  centro  de  la  tierra,  deber&  tambi^n  mantenerae 
casi  constante. 

De  cuanto  dejo  expuesto,  puede  concebirse,  pues,  a  nuestro  fi^obo  desde  la 
superficie  hada  el  centro,  formado  asf : 

1.*  Un  Involucro  de  cierto  espesor,  en  el  cual  ^  y  d  se  mantienen  sensible- 
mente  constantes. 

2.*  De  un  involucro  en  el  cual  ft  y  d  primero  aumentan  rftpidamente  con  la 
profundidad  (m  mucho  mfis  rfipidamente  que  d) ;  en  seguida,  m&s  lentamente, 
y  mds  lentamente  en  lo  suceslvo. 

8.*  De  un  nficleo  interno  central,  en  el  cual  |i  y  d  crecen  asint6ticamente  de 
manera  a  poder  conslderarlos  sensiblemente  constantes. 

Estas  tres  concepciones  no  son  debidas  a  opiniones  o  hip6tesis,  sino  a  una 
Idgica  e  inmediata  consecuenda  de  las  tres  proposiciones  siguientes,  acerca  de 
la  verdad  de  las  cuales  hoy  ya  no  hay  ninguna  duda : 

{a)  Jja  velocidad  aparente  de  los  primeros  tr^mitos  preliminares  es  casi 
constante  hasta  distandas  epicentrales  no  super  lores  a  un  derto  valor;  y  por 
consiguiente  tieue  tambl^n  que  ser  constante  la  veloddad  real  hasta  una  derta 
profandidad. 

(6)  Despu^s,  la  velocidad  aparente  de  los  primeros  tr^mltos  preliminares 
hasta  otra  ciertn  distanda  epicentral,  crece  primero  con  rapldez,  luego  lenta- 
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siente  y  degpu^  lentfeimamente ;  en  consecu^cia,  hasta  otra  cierta  profandi- 
dad,  teiuMrA  tambi^n  que  auraentar  la  velocidad  real  con  igoales  modalidades. 

(c)  Por  dltimo,  para  dlstanclas  epicentrales  cada  vez  m&s  grandes,  la  velocl- 
d(td  aparente  se  mantiene  sensiblemente  constante,  y  por  oonsigolente,  tambi^n 
debe  perinanecer  sensiblemente  constante  la  velocidad  real,  a  partlr  de  una 
derta  profundidad,  hacla  el  centro  de  la  Tlerra. 

£1  primer  Involucro  (involucro  externo)  es  evidentemente  el  que  los  ge61ogos 
Hassan  la  lltosfera,  y  en  su  conjunto  constituye  la  costra  terrestre. 

Ese  luTolucro,  desde  la  superficle  hacla  el  Interior,  estA,  como  se  sabe,  constl- 
tnfdo  por  las  eras:  Antropozoica  (Cuatemaria)  oomprendiendo  el  periodo 
actual  y  el  post-plloceno ;  la  Cenozoica  o  Teroiaria  que  comprende  los  perfodos 
Plioceno,  Mioceno,  OUgoceno  y  Eoceno;  la  Mesozoica  o  secundaria  que  com- 
prende loe  perfodos  CretAceo,  Jur&sico  y  Trldslco;  la  Paleozoica  o  Primttfi4t 
que  comprende  los  perfodos  P^rmlco,  Carb6nico«  Dev6nlco,  Slliirico  y  Pre- 
cdmbrico;  y  por  dltimo,  la  Azoica  (Arcaica). 

Con  refi¥>ecto  a. las  rocas  que  constituyen  la  lltosfera  debe  decirse  que  no 
todas  tlenen  importancia  en  la  telesCsmica;  tienen  poca,  los  calcdreos  y,  por 
consigulente,  los  mdrmoles  de  origen  sediments  rlo,  porque  se  encuentran  en 
las  partes  m&a  superficlales  de  la  costra  terrestre. 

Por  el  contrario,  tlenen  mucha  los  granitos,  las  sienltas,  las  dioritas,  los 
p^rfidos,  etc.;  en  fin:  las  rocas  plut<inieas  dcidas  o  hdsicas  que  representan  el 
sntNStracto  o  la  parte  fundamental  de  la  costra  terrestre. 

La  velocidad  de  propagaci6n  de  las  ondas  longitudinales  (primeros  tr^mitos 
prelimlnares)  encontrada  por  Husakabe  con  unas  muestras  de  rocas  plut(kUca$, 
serfa  solo  de  4.4  km.  por  segondo,  mlentras  que  los  sefiores  Adams  y  Coker 
obtuvieron  valores  que  se  acercan  a  6.4  km.  por  segundo. 

El  doctor  Emlllo  Oddone,  subdlrector  de  la  Ofidna  Central  Meteorol^gicft  y 
Geodlndmica  Italiana,  de  Roma,  en  un  redente  trabajo:  Determinazioni  dina- 
miche  del  modulo  di  elasticitd  di  Young  dellc  roccie  (Estratto  delll  Annall  del 
Ufficcio  Ceutralc  di  Meteorologia  e  Geodlnamica,  volumen  XXIII,  parte  1.*,  1911, 
Roma)  eon  un  selecto  material  y  aparatos  enteramente  nuevos  de  su  inven- 
ddn,  pudo  determinar  yali^dose  de  rocas  fundamentales  (granites,  sienltas, 
dioritas,  p6rfidos),  los  mMulos  de  elasticidad  de  Young,  de  los  cuales  dedujo 
la  velocidad  de  los  primeros  tr^mitos  prelimlnares  a  trav^  de  esas  rocas,  ob- 
teniendo  los  siguientes  valores : 

GranitoB de  6.25  a  7     kmyseg.;  promedio:  6.64  km^seg. 

Sienltas promedio:  7.5    kmyseg 

Di<»>ita8 promedio:  8       kmyseg. 

Pdrfidos de  8.6    a  8.8  km./seg.;  promedio:  8.7    kmyseg. 

Promedio 7.7    kmyseg. 

De  mode,  pues,  que  segtln  el  doctor  Oddone,  el  valor  de  la  veloddad  media 
de  propagacidn  de  las  ondas  longitudinales  a  trav^  de  las  rocas  fundamentales, 
■e  aproximarfa  alrededor  de  7.7  km./seg. 

Tengo  dicho  y  repito  ahora  que  Jos  primeros  tr^mltos  prelimlnares  en  su 
movlmlento  de  propagad6n,  deben  recorrer  sensiblemente  las  cuerdas  y  si 
se  conslderan  pequefias  dlstanclas  epicentrales  no  superlores  a  1,000  o  1,500 
km,,  esas  cuerdas  evidentemente  atravesardn  en  gran  parte  la  isona  plut6nica. 
o  sea  la  zona  de  las  rocas  fundamentales. 

^Gudl  es  la  veloddad  que  la  observaci6n  dlrecta  le  aslgna  a  la  propagaddn 
de  los  primeros  tr^mltos  prelimlnares  constrefildos  a  recorrer  dicha  zona? 

Los  tratados  de  Geologfa,  de  Geograffa  ffsica  y  de  Ffslca  terrestre,  anteriores 
a  1000,  o  bien  callan,  o  blen  dan  ideas  anticuadas  sobre  la  elasticidad  de 
las  rocas  y  de  la  tlerra. 
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Veamos  lo  que,  en  ge&eral,  ban  dlcho  Iob  slsmdlogus  y  ge61ogos  deade  im> 
para  ac&: 

Luis  Dkicabchi.— Tm^tolo  di  Geografla  /toica,  1900,  PaTU :  Bestiine  el  MCado 
de  lo8  conocimi^toa  baata  el  afio  1901  y  lea  aiAgna  a  las  ondaa  de  la  prIiMm 
subfiiae  (primeroe  tr^mltoa  preliminares,  ondaa  longltadiiialea)  la  Ttfoddad 
de  6  kia/seg.,  y  m&s,  para  dlatandaa  epicentralea  oomprendldaa  entre  IfM 
y  10,000  km.,  dlatandaa  para  noaotroa  demaaiado  grandea,  porqiie  laa  cueidaa 
correapondientea  paaarfan  en  gran  parte  pcv  sonaa  mAa  profondaa  que  la 
(Utlma  capa  de  la  coatra  terrestre. 

a  E.  TnsTtoix.-^Earthqualee9  M  the  Ught  of  new  ^eUmdogy,  London,  1904: 
Le  atribuye  la  dfra  de  5^  kmyaeg.  a  la  veloddad  auperflcial  (Teloddad 
aparente)  de  lea  primeros  trdmitoa  preliminarea  para  dlatandaa  epieentralea 
menorea  de  20*.  M&a  all&  de  dldia  dlatanda  admlte  que  laa  ondaa  de  eooh 
presidn  (primeros  trdmltoa  preliminarea)  alcancen  la  veloddad  de  93& 
kmyseg.  El,  a  qnien  tanto  le  intereaa  el  problema  de  la  veloddad  oon  el 
aumento  de  la  profondidad,  lamenta  que  laa  determinadoaea  de  los  mMidos 
de  elastiddad  sobre  muestras  de  rocaa  sean  demaaiado  escaaos. 

Citadaa  laa  observadonea  de  Nagaaka,  segdn  laa  cuales  laa  rocaa  antlgoaa 
demuestran  mayor  grade  de  elastiddad,  ezplica  tal  amnento  por  procedimienlo 
de  metamorflsmo  y  Uega  a  la  oondnsidn  de  qne  con  el  anmento  de  la  pro- 
fundldad,  aumenta  rftpidamente  la  veloddad  de  propagaddn  de  laa  ondaa, 
de  manera  que  aleJAndose  cada  vez  m&a  de  loa  datos  experimentalea  que 
acerca  de  muestras  de  rocas  pueden  obteoerse  en  loa  laboratories,  dice  teztaal- 
mente : 

"The  probable  meaning  of  thia  la  that  none  of  the  rocks  vlaiMe  at  die 
surface  are  in  a  condition  to  manifeat  tbe  elastidty  and  rigidity  they  would 
ha^e  under  such  conditions  as  exist  in  the  depths  of  the  earth.** 

Emiuo  Hang. — TraiU  de  Oeologie,  parte  1*,  1907,  Parte;  Atribuye  a  laa 
velocidades  de  las  tres  espedes  de  ondas  que  emanan  de  un  epicentre  laa 
siguientes  cifras:  9.6  km./seg.  para  loa  primeros  trtoitos  preliminarea  (u 
ondas  longitudinales,  primera  subfase  preliminar)  5  knt/aeg.  para  loa  aegundoa 
trdmitos  preliminarea  (ondas  transversales,  segunda  subfase  preliminar)  y 
de  8  a  8.5  km./8eg.  para  las  ondas  superfidales  (fase  prindpal) ;  y  admlto 
que  esta  dltima  veloddad  sea  constante  y  que  las  doa  primeras  veloddadea 
aumenten  con  la  distancia  epicentraL 

A.  SiEBEBQ. — ^1908,  Der  ErdbaUe,  Mtinchen:  Sigue  la  teorfa  m&s  conodda 
que  es  la  de  Bendorf,  y  atribuye  a  las  ondas  de  los  primeros  tr^mitos  prell- 
minares,  la  veloddad  de  5.5  kmyseg. 

C.  G.  Knoft. — Proceedings  of  t?ie  R.  Soc.  of  Edinburgh,  volumen  XVIII, 
3*  parte,  1907.  The  physics  of  Earthquake  Phenomena^  Oxford,  1908:  Le 
dedica  un  capftulo  a  la  elasticidad  de  las  rocas  y  de  la  Tierra,  y  otro  a  las 
velocidades  sfsmicas.  Segdn  ^l,  la  concepci6n  fCslca  que  mds  responde  a  los 
hechos,  serfa  la  de  imaginar  que  las  ondas  longitudinales  recorren  la  cuerda 
con  la  veloddad  constante  de  12.2  kmyseg.  por  todo  el  ndcleo  intemo  que 
va  desde  el  centre  de  la  Tierra  hasta  los  9  d^cimos  del  radio  terrestre.  En 
el  involucre  eztemo  la  veloddad  descenderfa  cerca  de  la  superflcie  de  12.2 
a  6  km./8eg. 

Dk  Mabtonne. — Traits  de  Oeographie  Physique,  1909,  Paris:  No  dice  una 
sola  palabra  sobre  este  asunto. 

W.  H.  HoBBS. — Erdbeben,  etc.  Traducd6n  de  Ruzka,  Leipzig,  1911 :  •  Al 
indicar  que  la  veloddad  de  las  ondas  de  la  fase  principal  es  de  3.4  km./sex.; 
nos  deja  entrever  que  esta  es  la  mfixima  veloddad  posible  en  el  mat^ial  roooaa 
comdn. 
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M.  P.  RxjBZKi.— 1907, 1908,  1911,  Leipsig:  De  la  Teorfa  do  la  propagadto  de 
lafl  ondas  el&sticas  en  los  cuerpos  IsiStropos  y  anls6tropos. 

Observa  que  la  T^locidad  de  las  ondas  sismicas  superfldales,  correspondeo 
bastante  bien  a  las  velocidades  dc  las  ondas  de  torsidn,  eneontradaa  por  Husa- 
kabe  en  bus  inTestigaciones  sobre  muestras  de  rocas  arcai€a»  y  paleozoicas, 

MAS  all&  de  la  profundidad  de  ^  del  radio  terrestre,  admlte  la  propagaci6n 

rectillnea  del  rayo  slsmico. 

9 
En  cnanto  a  la  velocidad  cree  que  dentro  del  ntldeo  constitufdo  por  los  jq  del 

radio  terrestre,  la  veloddad  de  los  prlmeros  tr^mitos  prellminares  es  de  11^ 

kmyseg.  y  que  en  el  iuTolucro  estemo,  de  un  espesor,  pnes,  de  ^  de  radio,  la 
Teloddad  es  de  6  kmyseg. 

Pbof.  W.  Thabent. — Lehrbuch  der  koitnUchen  PhyHk,  Leipzig  y  Berlin,  1911 : 
Bn  dicha  revista  dedica  a  esta  cuestKSn  algunas  pftginas  de  su  6ptimo  tratado. 
Expuestas  las  ideas  m^  modemas  sobre  la  propagaci6n  de  las  ondas  sismicas 
longitudinales,  llega  a  la  condusi6n  de  que  las  velocidades  aumentan  rApida- 
mente  desde  la  superflde  de  la  tierra  hacia  el  centro.  No  les  aslgna  un  valor 
espedal  a  las  velocidades  en  las  primeras  cnpas  superficiales,  pero  como  lo 
demuestra  el  grftfico  que  acompalla  ai  texto,  se  comprende  que  ellas  tienen  que 
bacerse  rftpidamente  grandes,  bien  pronto  superiores  a  6  km./seg.  Al  0.1  del 
radio  su  valor  ya  seria  de  11  kni./seg.  Mds  abajo  el  aumento  seria  insignifl- 
cante,  de  modo  que  en  el  centro  de  la  Tierra  seria  apenas  de  12.8  kmyseg. 

Observa  el  autor  en  dicha  revista  que  desde  1900  hasta  1911,  los  valores 
atribuldos  a  las  veloddades  de  las  ondas  longitudinales  en  la  costra  terrestre, 
ban  ido  aumentando  continuamente  de  3  a  6  km./seg.  y  que  hasta  esa  dltima 
fedia  los  slsmdlogos  estdn  de  acuerdo  en  aceptar,  por  ahora,  como  velocidad 
de  las  ondas  longitudinales  la  clfra  de  6  kmyseg.  y  en  admitir  que  dicha  veloci- 
dad aumenta  r&pidamente  y  llega  hasta  cerca  de  12  km./seg.,  ya  a  una  pro- 
fundidad de  {g  del  radio  terrestre.    (N6tese  que  ello  ocurria  en  1911.) 

Bl  profesor  H.  Hanssmann,  una  vez  medida  la  velocidad  superfidal  de  los 
prlmeros  trdmitos  prellminares  para  distancias  epicentrales  de  100  a  000  km. 
en  nuflve  direcciones  de  la  rosa  de  los  vlentos,  encontr<)  un  valor  medio  de  6.4 
kmyseg.  con  los  valores  extremes  de  6.1  y  6.d  kmyseg.  (Oomunicad6n  hecha 
a  la  Aaodaddn  Intemacional  de  Sismologia,  de  Bfandiester,  1911.) 

Bl  doctor  Agamennone,  estudiando  algunos  temblores  ocurridos  en  India  y 
Oreda,  obtuvo  siempre  para  distandas  no  superiores  a  1,500  km.  una  velocidad 
con  req;»ecto  a  los  prlmeros  tr^mitos  prellminares,  de  7.0  km./seg. 

Por  tUtimo  y  para  terminar,  el  mismo  autor,  estudiando  el  terremoto  de 
Avessano,  ocurrido  el  13  de  enero  de  1910,  encontrd.que  hasta  una  distanda 
epicentral  de  cerca  de  1,000  km.  la  veloddad  de  propagaci6n  de  los  prlmeros 
trtoiitos  prellmimares,  se  mantenia  sensiblemente  constante,  con  un  valor 
medio  de  7.65  lan./seg.  aproximadamente. 

Yemos,  pues,  que  a  medida  que  avanzamos  de  1900  hacia  1915,  los  valores  de 
la  veloddad  de  los  prlmeros  tr^mitos  prellminares,  deducida  directamente  de- 
las  registradones  slsmogr&flcas,  aumenta  continuamente. 

Todos  comprenden  que  ello  es  debido  al  perfecdonamiento  continue  que  se 
Introdujo  en  los  slsmdgrafos,  aumentando  su  sensibilidad  cada  vez  m&s. 

Es  un  hecho  que  desde  hace  algnnos  alios,  al  efectuarse  la  determinaci^n  de 
las  distancias  epicentrales  no  superiores  a  1,000  o  1,800  km.  se  obtlenen  siempre 
valores  comprendidos  entre  7  y  7.6  kmyseg.  como  valor  de  la  veloddad  constante 
de  los  prlmeros  tr^mitos  prellminares. 

Tenemos,  finalmente,  los  resultados  que  se  obtlenen  mediante  mis  tUtlmas 
r^adones,  con  referenda  a  la  determinad6n  analltica  del  tiempo  empleado  por 
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los  primeros  tr^niitos  preliiuinares  en  reoorrer  la  distancia  eplcentral,  en  funcldn 
de  esa  misma  distanda.' 

He  obtenido  que  para  una  distancia  de  cerca  de  1,000  km.,  la  velocidad  de  los 
primeros  tr^mitos  prelimlnares  es  sensiblemente  oonstante  con  on  valor  de 
0.443  millares  de  km.  por  mlnuto,  o  sea  7,395  km.  por  segundo. 

Es  necesario,  pues,  tener  por  cierto,  sin  temor  de  equivocarse,  que  hasta 
cierto  arco  de  circulo  mftxlmo,  la  velocidad  aparente  de  los  primeros  tr^mitos 
prelimlnares  es  sensiblUslmamente  constante^  con  on  valor  que  osdla  alrededor 
de  7305  k.myseg. 

Volviendo  a  mi  segundo  involucro  plenso  que  evident^nente  debe  estar  cons- 
titufdo  por  on  medio  no  rocoso,  pero  que  aumenta  continuamente  en  densldad 
y  elasticidad,  j  por  consigulente,  en  rlgidez,  a  medida  que  aumenta  su  pro- 
fundidad.  Estos  aumentos,  rftpidos  al  prindplo,  lentos  luego  y  lentlslmos 
de^u6e^  adquieren  una  forma  aslnt6tlca  a  una  clerta  profundldad«  En  otros 
ttoninos :  desde  derta  profundidad  hacia  el  centro,  la  elastlddad  y  la  densldad 
permanecen  casi  constantes.  En  dlcha  profundidad  se  inida  el  nuevo  medio 
que  constituye  el  nticleo  central. 

No  es  mi  objeto  en  este  trabajo  proseguir  las  investigadones  acerca  de  los 
medios  que  respectivamente  eonstituyen  el  involucro  y  el  nticleo  central; 
bAstame  para  llenar  el  prop^sito  de  este  trabajo,  poder  aseverar  como  I6glca 
e  inmediata  consecuencia  de  contluuas  y  cuidadosas  observaclones,  que  dlchos 
medios  deben  ser  muy  densos,  muy  el&Bticos,  muy  rfgidos ;  y  que  eq[>ecialmente 
el  ndcleo  central  debe  estar  constitufdo  ixnt  un  medio  no  solo  muy  pesado  sino 
tambito  homogtoea 

Bii  m^todo  para  la  determinaddn  del  valor  de  la  profundidad  de  la  costra 
terrestre,  se  apoya  en  el  valor  de  la  longitud  m&xima  del  arco  de  drculo 
m&ximo,  a  lo  largo  del  cual  la  veloddad  aparente  de  los  primeros  tr^mitos 
prelimlnares  permanece  s^isiblemente  constante.  Se  comprende  que  dlcha 
longitud  m&xima  debe  ser  determinada  por  la  observaddn  directa.  Se  verd 
como  tal  longitud  m&xima  estA  ligada  a  la  profundidad  de  la  litosfenu 

Mediante  ese  m^todo  y  va^i^donos  tan  solo  de  cantldades  acoesibles  para 
nosotros  y  directamente  medibles,  podronos  determlnar  cantldades  que  nos  son 
inaccesibles. 

Ningdn  ramo  de  la  Geologfa  y  de  la  Geoffsica  puede,  sino  basftndose  eo 
hipdtesis,  Uegar  al  mismo  resultado,  mientras  que,  mediante  la  slsmologia  y  par- 
tiendo  de  cantldades  medidas  y  contraloreadas,  se  puede  resolvar  el  problems. 

Aunque  solo  fuera  por  esto  y  por  haber  demostrado  que  la  Ti^ra  en  su 
conjunto  es  muy  el&stica  y  rfgida  (transmiti^ndose  las  vibradones  produddas 
por  un  gran  terremoto  hasta  las  antCpodas,  o  sea  a  una  distancia  arcual  de 
20,000  km.  del  punto  sacudldo)  la  sismologfa  debe  ocupar  con  justa  rasdn  uno 
de  los  primeros  puestos  de  la  Geoffsica;  porque  es  la  ciencia  m&s  eficaz,  que 
algdn  dia  nos  permitirA  descubrir  los  misterios  del  interior  de  nuestro  Olobo. 

Y  dicho  esto,  entremos  de  Ueno  al  asunto. 

Desde  luego,  me  permito  hacer  notar  que  la  longitud  maxima  del  arco  de 
circulo  m&ximo,  a  lo  largo  del  cual  la  velocidad  aparente  de  los  primeros 
tr^mitos  prelimlnares  se  mantiene  sensiblemente  constante,  debe  d^;>ender  de 
la  profundidad  del  hipocentro. 

En  efecto:  (figura  1.*)  supongamos  que  el  hipocentro  colncida  con  el  epi- 
-centro,  o  sea  que  el  hipocentro  sea  completamente  superficial.  Sea  d  C%  el 
«spesor  de  la  costra  terrestre. 

Begdn  cuanto  tengo  dicho,  los  primeros  tr^mitos  prelimlnares  conservarAn 
evidentemente  en  su  movimiento  de  propagaddn  una  veloddad  sensiblemente 
constante  solo  a  lo  largo  de  la  tangente  Ci  ^t ;  y  de  las  cuerdas  d  ^t,  d  Vu  etc., 
situadas  sobre  dlcha  tangente,  mientras  que  a  lo  largo  de  las  cuerdas  situadas 
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debajo  de  la  tangente  Ci  Nm  (las  cuales  Interceptan  el  segnndo  inTolacro,  como, 
por  ejemplo,  la  cuerda  C  L)  tendremos  un  movlmiento  acelerado. 

De  modo,  pues,  que  en  el  caso  de  un  hlpocentro  superficial,  el  arco  m&xlmo 
de  cfrculo  m&xlmo  a  lo  largo  del  cual  la  yelocldad  de  los  prlmeroe  tr^mltos 
prelimlnares  permanece  senslblemente  constante,  serd  dado  por  el  arco  Ot  Nu 

e, 


Fig.  2 

Todos  los  movimientos  y  todos  los  accidentes  geoldgicos  se  efectdan  en  la 
masa  rocosa  de  la  Tlerra,  o  sea  en  el  seno  de  la  costra  terrestre;  y  de  ahf  que 
la  mAxima  profundldad  de  la  litosfera,  representard  tambi^n  la  m&xima  pnh 
fondtdad  poalble  en  que  puede  estar  situndo  el  hlpocentro. 
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SupoDgamos  entonces  (figura  2/)  que  el  hipocentro  e8t&  situado  en  €%,  o  flea 
a  esa  mdxima  profondidad  (Ci  epicentre,  Ct  hipocentro,  Ci  C%  profundidad 
hipocentral,  en  nuestro  caso  tambi^n  profundidad  de  la  costra  terrestre). 

De  cuanto  he  dicho  (figura  2/)  resulta  claro  que  las  velocidades  de  lo8 
primeros  tr^mitos  preliminares  se  mantendrAn  sensiblemente  constantes  aolo  a 
lo  largo  de  los  rayos  sfsmlcos  situados  sobre  la  tangente  €%  B,  como  Ct  Bu 
Ct  Bs,  Ct  Bt,  Ct  B«  J  Ct  Cii  mientras  que  la  sensible  constanda  dejarft  de 
subBistir  a  lo  largo  de  los  radios  Ct  Au  Ct  At,  Ct  At,  etc.,  situados  debajo  de  la 
tangente  Ct  B. 

For  consiguiente,  en  el  caso  de  que  el  hipocentro  se  encuentre  a  la  mAxIma 
profundidad  posible,  el  arco  m&ximo  a  lo  largo  del  cual  la  velocidad  aparente 
de  propagaci6n  permanece  casi  constante,  serd  dado  por  el  arco  Ci  B  (figura  2.*), 

Se  ve,  pues,  que:  (figura  8.*)  arco  Ct  3ra=2  arco  Ci  B,  lo  que  quiere  dedr, 
entonces,  que,  al  aumentar  la  profundidad  del  hipocentro,  disminuye  la  longitud 
del  arco  de  circulo  m&ximo  n  lo  largo  del  cual  la  velocidad  aparente  de  los 

c; 


Pig.  3 

primeros  tr^mitos  preliminares  se  mantiene  sensiblemente  constants,  de  manera 
que  pasando  el  hipocentro  de  la  superflde  a  la  profundidad  maxima,  la  longitud 
mAxima  del  arco  de  circulo  m&ximo,  a  lo  largo  del  cual  la  velocidad  aparente 
■e  mantiene  constante,  se  reduce  a  la  mitad. 

MiUares  de  observaciones  eftetuadas  en  las  estadones  geodinAmicas  espar- 
ddas  por  todo  el  mundo,  han  conduddo  a  todos  los  9iim6loff09  a  la  siguiente 
conclusion,  que  ya  no  admite  duda  alguna : 

La  minima  entre  todas  las  longitudes  mAximas  de  tales  arcos,  osdla  alrede- 
dor  de  los  1,0(X)  km. 

En  nuestro  caso,  serd  entonces:  (figura  8.*)  arco  d  B^lfiOO  km.  aproxl- 
madamente ;  y  entonces  taidrd  que  ser :  arco  d  Nt^2fi00  km.  aproxlmadamenta 

De  modo,  pues,  que  para  profundidades  hipocentrales  comprendidas  entre  la 
si^rfide  y  la  profundidad  mdxima,  tendrd  que  ser  evidentemente  IfiOO  <B< 
2,000  km.  aproximadamente  (siaido  B  el  arco  mdximo  correspondiente). 
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Natnralmente,  si  para  cada  terremoto  pudlera  obtenerse  con  precisldn  el  arco 
m&xlmo  del  cfrcnlo  m&xlmo  a  lo  largo  del  cual  la  velocldad  de  los  primeros 
trtoltoa  prelimlnares  permanace  sensiblemente  constante,  se  podrfa  sin  m^ 
determlnar  la  profnndldad  hipocentraL  Dlgo  con  precision,  porque  siendo  las 
pr<Rfandldade8  hipoc^trioa$  mny  peqnefias  relatlvamente  a  las  longitudes 
mAxlmas  de  dichos  arcos,  nn  error,  as!  fnese  de  pocas  decenas  de  km.  en  la 
medlda  de  la  longltud  del  arco,  podrfa  determlnar  nn  error  demaslado  grande 
en  el  cAlculo  de  la  profnndldad  hipocentraL  El  m^todo  serla,  pues,  dptlmo 
desde  el  punto  de  vista  te6rlco,  como  conc^to,  pero  no  seria  ac^table  desde  el 
pnnto  de  Tlsta  prftctlco. 

De  lo  expuesto  podemos  abora  damos  cnenta  de  porqu6  los  slsmdlogos  afirman 
Qve  por  nnmerosas  y  culdadosas  observaclones  dlrectas  referentes  a  mnchlsl- 
mos  temblores  de  tlerra  mundlales  tect6nlco6  y  vnlc&nlcos,  Uegan  a  la  condn- 
sl6n  de  que  las  longitudes  m&ximas  de  los  arcos  de  cfrcnlo  m&xlmo  a  lo  largo 
d^  los  cnales  los  primeros  temblores  prellmlnares  mantlenen  una  velocldad 
casl  constante,  varfan  desde  los  1,000  basta  los  1,500  hasta  los  1,800  km.,  segtin 
los  temblores  de  tlerra, 

Tal  como  lo  be  dlcho,  las  longitudes  mftxlmas  de  dichos  arcos  est&n  contlnua- 
mente  llgadas  a  las  respectlvas  profundldades  hlpoc^trlcas. 

Queda  asf  expUcada  la  causa  por  la  cual,  mediante  culdadosas  y  nnmerosas 
observadones  se  ban  obtenldo  como  longitudes  m^xlmas  de  los  arcos  de  cfrculo 
mAxlmo  a  lo  largo  de  los  cuales  la  velocldad  se  mantenfa  sensiblemente  cons- 
tante, el  valor  de  cerca  de  1,000  km.  para  algunos  temblores  de  tlerra  y  reapec- 
ttramente  de  1,500  y  hasta  de  1,800  para  otros.  Ello  qulere  dedr  que  aun 
a^mltlendo  los  errores  de  observacl6n  no  demaslado  grandes  y  descartando  las 
m4s  sallentes  contradlcclones  horarlas,  los  correspondlentes  temblores  tenfan 
respectlvamente  hlpocentros  cada  vez  menos  profundos. 

Tenemos  a  la  vista  un  bellfslmo  ejemplo  de  temblor  de  tlerra  poco  profundo. 
lie  refiero  al  terremoto  de  Slcllla  y  Calabria  del  28  de  diclembre  de  1906,  que» 
como  se  sabe,  destruy6  a  Messina  y  algunas  otras  ciudades  itallanas,  produ- 
dendo  mfts  de  cien  mil  vfctlmas. 

Bl  hipocentro  de  dlcho  terremoto  fu6  calculado  por  el  doctor  Oddone,  y  por 
otros  sismdlogos  que  usaron  los  m^todos  m&B  modemos,  y  obtuvleron  valores 
aproximados  a  0  km.  To  tambl^n,  aplicando  el  conc^to  de  gradlente  slsmica, 
obtuve  un  valor  sensiblemente  concordante  con  los  obtenidos  por  los  men- 
donados  sismdlogos.  (Estos  cdlculos  fueron  publicados  en  la  "Revista  Astro- 
n6mlca  de  Espafla  y  America,"  obtenlendo  mi  m^todo  llsonjeras  aprobadones 
de  centres  sismol6gicos  eztranjeros  y  de  revistas  espedales  de  sismologfa.) 

8e  entlende  que  si  bien  la  profnndldad  de  0  km.,  considerada  en  sf,  es  con- 
siderable, resulta,  sin  embargo,  bastante  pequefia  con  respecto  a  las  profundi- 
diodes  mAximas  de  los  hlpocentros,  calculados  mediante  los  m^todos  mAs  re- 
dtotes,  respecto  de  profundfisimos  terremotos  teot&nieoSf  de  modo  que  se  puede, 
con  poco  sensible  error,  considerar  el  hipocentro  de  este  temblor  de  tlerra  oomo 
superfidal,  y  aplicarle  los  criterios  hallados  para  los  terremotos  superfidales, 
oomo  son  mAs  o  menos  todos  los  terremotos  volcAnicos.  (Por  ejemplo:  el 
desastroso  terremoto  de  Gasamicdola,  isla  de  Ischia,  tenia  una  profnndldad 
menor  de  1  km.)  Examinemos  el  oddgrafo  dd  doctor  Rizzo,  director  del  Insti- 
tute de  Ffslca  Terrestre  de  la  Unlversidad  de  Messina,  con  req;>ecto  a  dlcho 
temblor  siculo-calabr^  de  1908. 

**  Sulla  propagazione  dai  movimenti  prodotti  dal  terremoto  dl  Messina  dd 
28  diclembre  190a** 
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S  difUnclaepioantral  (km.) 

Vi  (valoci- 
dad  media 
aparenU 

delos 
primerot 

preliml- 
naref). 
H^todo 
DIreeto. 

8  dlstaoda  epioantral  (km.) 

prallmi. 
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DIracto. 
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5  000 

10.1 

3,000 

6,000 
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8;ooo:::::::::::::::::::::::::;:::::::: 

11.9 
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Se  TO  en  este  cuadro  qne  la  longitud  m&xima  del  arco  de  cfrculo  m&xlmo 
a  lo  largo  del  cual  la  velocldad  aparente  de  los  prlmeros  tr^mltos  prelimlnarea 
se  mantlene  senslblemente  constante,  se  aproxima  a  los  2,000  km.,  aunque  un 
poco  menor. 

SI  el  hipocentro,  en  vez  de  estar  a  9  km.  de  profundldad  fnera  absolutamente 
•nperficiaU  la  longitud  de  dicho  arco  deberfa  ser  senslblemente  igoal  a  2,000  km. 
Muchas  veces  se  producen  discusiones  entre  los  sism61ogo6,  al  Jozgar  tl 
un  temblor  de  tierra  es  tect6nico  o  valc&nico.  Ahora  bien:  este  concepto  de 
la  longitud  mdxima  del  arco  del  cfrculo  mAximo  a  lo  largo  del  cual  la  velocldad 
queda  senslblemente  constante,  serft  siempre  una  buena  contribuci6n  para 
el  Julcio  mismo. 
Volviendo  al  asunto,  del  tridngulo  OCi  B  (flgura  3.*)  tendremos: 

OCt^OB  cos  BOCt 
0  sea: 

R—h^^R  cos  B00% 
y  haciendo  arco  di?— 1,000  km.  o  sea:  dngulo  B0Cs=9*,  tendr^nos: 

R—li^R  cos  9* 
de  donde: 

fe=lJ(l— cos  9')  =6366(1— cos  9*)  =78.39  km. 
(*,  profundldad  de  la  costra  terrestre  =  (Ji  C»;  R  radio  de  la  tierra). 

Cuando  hablamos  de  superflcie  terrestre  nos  referimos  Klempre  a  la  super- 
fide  del  nivel  del  mar  en  estado  de  quietud.  De  donde,  para  obtener  la 
m&xlma  profundldad  de  la  lltosfera,  se  tendrd  que  sumarle  el  valor  encontrado 
de  78.39  km.  en  ntlmeros  redondos,  al  valor  de  10  km.  aproxlmadamente,  que 
corresponden  a  la  altura  de  las  mds  altas  montafias  y  restarle  aproxlmada- 
mente 10  km.  que  representan  la  mdxima  profundldad  de  los  mares. 
Podremos,  pues,  declr: 

Mdxima  profundldad  de  la  costra  terrestre  88. 39  km. 

Minima  profundldad  de  la  costra  terrestre  68. 89  km. 

Profundldad   media   de  la  costra  terrestre  78.89  km. 

Ya  he  dicho  que  el  valor  de  2,000  km.  que  es  el  mdxlmo  absoluto  entre  todas 

las  longitudes  de  los  arcos  de  cfrculo  mdximo  a  lo  largo  de  los  cuales  la 
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veloddad  de  los  primeros  tr^mitos  preliminares  se  mantlene  sensiblemente 
constante,  es  iigeramente  excesivo:  es  un  caso  Ifmite,  o  lo  que  es  lo  mismo: 
es  el  caso  de  un  hipocentro  absolutamente  superficial. 

Nunca,  hasta  ahora,  entre  todos  los  terremotos  estudiados,  aun  los  mda 
superficiales,  se  ha  obtenido  como  mdximo  absoluto  de  dlcho  arco  un  valor 
superior  a  los  1,800  km. 
O^msiderando  a  este  valor  como  mdxlmo  absoluto,  tendremos   (flsrura  8') : 

Angulo  B00i=8'  6', 
Inego: 

*=1J(1— cos  S**  6')  =65  km. 
aproximadamente;  pot  eso,  an&logamente  al  caso  anterior,  tendremos: 

M&xima  profnndidad 75  km. 

Minima  profnndidad 55  km. 

Media  profnndidad 65  km. 

Bstableciendo  el  promedio  de  los  valores  obtenidos,  puedo  reportar  definitiva* 
mente,  como  resultado  de  mi  investigacidn  sismoldgica,  los  slguientes  valores: 
M&rlma  profundidad  de  la  costra  terrestre: 

M+Z§.81.61an. 


Minima  profundidad: 

68+55 


—2—61.5  km. 

Profundidad  media: 

78+65    ^,  ^, 
— 2 — "»71.5  km. 

Mediante  ml  m^todo  sismico  he  obtenido,  pues,  como  promedio  de  profundidad 
de  la  costra  terrestre:  71.5  aproximadamente;  con  un  minimo  de  6L5  y  un 
mAximo  de  8L5. 

Restableciendo  el  promedio  de  los  valores  obtenido  al  respecto  por  Louka- 
■chewitz,  obtengo: 

Profundidad  media: 

con  un  minimo  de  46  y  un  m&xlmo  de  84  km. 

Se  ve  que  mediante  la  sismologia  se  han  obtenido  valores  sensiblemente  con- 
cordantes  a  los  valores  obtenidos  geoMgicamente  por  el  sefior  Loukaschewitz. 

Si  alguien  apuntase  ahora  alguna  duda.  acerca  de  las  hip6tesis  que  el 
ge51ogo  ruso  ha  puesto  en  Juego  para  obtener  esos  resultados,  nadie  podr& 
poner  en  duda  las  bases  sismoldgicas  bien  s61ida8  y  seguras  que  han  servido 
de  fundamento  para  mis  determinaciones. 

Habiendo  obtenido  valores  casi  coinddentes,  o,  a  lo  menos  poco  desemejantes, 
quiere  decir  que  las  hip6tesis  formuladas  por  el  doctor  Loukaschewitz  no  est&n 
muy  lejos  d^  la  verdad. 

Hemos  visto  que  despu^  de  la  litosfera,  sigue  un  involucro  de  un  espesor 
BM  (figura  4.'),  en  el  cual  la  densidad  d  y  la  elasticidad  ^  aumentan  continua- 
mente,  de  una  manera  r&pida  primero,  lenta  luego  y  lentlsima  despu^  a 
medida  que  nos  acercamos  a  M,    Esto  quiere  decir  en  otras  palabras,  que  la 

relacl6n  j  desdc  B  hacia  M,  primero  aumenta  rftpidamene,  luego  lentamente 
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y  en  las  cercanlas  de  M  lentlsimamente ;  o,  en  otroe  t^rminos:  la  rdaddn  -§ 

a  medida  que  se  acerca  a  M  tiende  a  resoltar  conatante;  o  sea  que  ^  medio  del 
involucro  del  espesor  BM  tiende  a  resultar  homogteeo  a  medida  que  noa 
aproximamoq  a  M, 


A 

i" 

M 

P 


Pero  aabemoB  que  por : 

l^iS^lO.618  millaret  de  km.  (2) 

Tr,iBV01.2  i$+0.08  millaree  de  km.  por  minuto 

J  para  S  >  10.018,  1^1=1.165  millares  de  km.  por  minuta    (B  diatancla  ep^ 
central ;  TTi  velocidad  abeoluta  aparente  de  loa  primeros  tr^mitoa  prelimlnarai). 
Aplicando  estas  relacionea,  obtengo  el  siguiente  cuadro : 


0,iiiJI]Mwd«km.«UftM.«lottitiml). 

iri,m|. 
llaresde 
km.  por 
mlnitto. 

a,  minwM  dekm.  (diftn.  •ptoentral). 

ITi^mi. 
Ilmde 
km.  par 

0 

0.480 
.448 
.AM 

.864 

.740 

.825 

.806 

.966 

8.03 

1.078 

1.182 

10.618 

1.161 

1 

11 

1.115 
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12 

l.lii 

8 

13 

LIU 

4 

14 

1.186 
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1.186 
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7 r. 

17 

1.186 

8 

18 

l!lS 

f 

10 

1.M6 

10 

ao 
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Oe  <l(mde  resulta  que  las  Wi  aumentan  r&pidamente  prlmero  al  aomentar  la 
dlstancia  eplcentral;  lentamente  luego  y  lentlslmamente  deepu^;  tanto  q:ii6 
para  dUitancias  superiorea  a  10.618  km.  las  varlaciones  de  veloddad  son  abao> 
hitamente  asintdtlcas,  de  modo  que  despu^  de  los  10.618  km.  esas  Tarladones 
poeden  ser  couslderadas  pr&cticamente  cero,  lo  que  quiere  decir,  que  despads 
te  la  dlstancla  eplcentral  de  10.618  km.  la  Wi  permanece  constante,  por  mAs 
que  aumente  la  dlstancla  ^Icentral  mlsma. 

Evidentemente  si  se  considera  la  velocidad  absoluta  real,  Ma  deberA  com- 
portarse  andlogamente  a  la  Tfi. 

Sieodo  ahora  el  arco : 

^^,=10618  km. 


GHt=618  km. 
f  por  conslguiente: 


(?J3,-GA-818  fan.-(j^~j)* 


osea: 

Gi7i=5*  5'  aproximadamente 
de  donde : 

MO^R  sen  5*  5'»6866  sen  5*  5' 

lfO'=610  km.  (v^ase  figura  4.') 

Bs  dedr:  el  nddeo  interne  pesado,  tendrfa  un  radio  If 0=610  km.  m&s  o 
menos. 

Hemes  visto  que  el  medio  de  que  est&  formado  el  involucro  BM  cerca  de  M, 
tiende  a  resultar  homog^neo;  y  puesto  que  esta  tendencia  resulta  mucho  mfti 
acentuada  despu^  de  M,  desde  M  hada  O  (tanto  que  las  variaciones  de  las 
veloddades  reales  en  el  nddeo  pueden  considerarse  pr^Icamente  nulas),  de 
manera  que  podremos  asf  oonslderar  el  nddeo  if O.  formado  por  un  medio  muy 
pesado  y  homog^nea 

Evidentemente  el  espesor  BM  del  inyolucro  ser  A  : 

B^=6366—  (610+71)  =5685 

Quedan  asf  determinados,  basados  en  hedios  bien  dertos,  los  espesores  de 
los  medlos  que  constituyen  nuestro  Olobo ;  o  sea,  dd  exterior  hada  d  interior : 

1.*  Por  un  involucro  cuyo  espesor  es  de  cerca  de  71  km.  (costra  terrestre, 
litoafera)  formado  por  un  medio  en  el  cual  la  densidad  y  la  elasticidad,  varfan 
muy  poco  con  la  variaci6n  del  espesor. 

2.*  Por  un  involucro  de  cerca  de  5,685  km.  de  espesor  constituido  por  un 
medio  en  d  cual  la  densidad  y  la  elastiddad  aumentan  rdpidamente  prlmero, 
lentamente  luego  y  lentlslmamente  despu^  tanto  que  el  medio  tiende  a  re- 
sultar homog^neo  al  aumentar  la  profundidad. 

8.*  Por  un  ndcleo  de  610  km.  de  radio  formado  por  un  medio  homog^neo  y 
muy  pesado. 

Evidentemente  las  veloddades  aparentes  medlas  y  absolutas  de  los  primeros 
.trtoltos  prdiminares,  medidas  sobre  el  arco  de  drculo  mdximo,  dependen  de 
las  verdaderas  veloddades;  o  sea  de  las  veloddades  reales,  equlvalente  a 
^todr:  de  las  vdocidades  medidas  sobre  las  cuerdas. 

Es  bien  derto  que  el  diagrama  de  las  veloddades  absolutas  reales,  en  el 
Interior  de  la  Tierra,  si  las  condidones  ffsicas  del  medio  variasen  con  oon- 
tinuldad  de  la  superficie  al  centro,  no  presentarfa  ningdn  punto  brusco,  es 
dedr:  la  curva  seria  continua.    Mientras  que  si  tenemos  puotos  bruscos  en  el 
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dlagrama,  ello  qiierHl  dedr  que  en  eae  alrededor  a  no  medio  de  elasticidad  j 
densidad  respectivamente  /i  y  d  le  sigue  inmediatamente,  bruscamente,  ud 
medio  cnya  densidad  y  elasticidad  ser&n  respectivamente:  t^  y  dt  tales  que 

ser&n  j  acentuadam^ite  mayor  que  -^ 

Vaii^ndonos,  entonces,  de  las  velocidades  absolutas  aparentes,  podremos  de- 
terminar  las  absolutas  reales ;  y  con  ^tas  los  puntos  bruscos. 

Mediant e  este  m^todo  se  puede  Investigar  sobre  las  dos  superficies  de  separa- 
ci6n  respectivamente  del  exterior  al  interior:  entre  el  primer  involucre  (litos- 
fera)  y  el  segundo  involucre;  y  entre  el  segundo  involucre  y  el  nticleo  centraL 

Se  comprende  a  priori  cu&l  y  cudnta  importancla  puede  tener  para  el  ge6lQgo 
(cuyas  investigaciones  muchas  veces  se  fundan  en  demasiadas  hipdtesis,  m&a  o 
menos  verosf miles,  pero  siempre  hip6tesis)  el  poder  tener  una  base  cierta,  para 
punto  de  partlda  de  ulteriores  investigaciones,  como  lo  es  el  valor  obtenido  por 
ml  para  la  profundidad  de  la  litosfera,  valor  16gicamente  y  directamente  de- 
ducido,  no  de  hip6tesis,  sine  de  dates  experimentales  y  observaciones  directas, 
que  desde  hace  afios  se  vienen  efectuando  en  muchisimos  observatorios  sfsmicos 
distribufdos  por  todo  el  Globo,  sobre  muchisimos  terremotos  mundiales. 

Apliquemos  los  valores  que  el  doctor  Oddone  obtuvo  en  el  gabinete  respecto 
fi  las  velocidades  en  las  diversas  rocas  fundamentales : 

Para  granite  de  6^  a  7  kmyseg. ;  media :  6.62  kmyseg. 

Para  sienltas  de  6.25  a  7  km./seg. ;  media :  7.5  km./seg. 

Para  dioritas  de  6.25  a  7  kuL/seg. ;  media :  8  km./seg. 

Para  p6rfid08  de  6.25  a  7  km./seg. ;  media :  8.8  km./seg. 

Estas  son  las  velocidades  que  en  mis  trabajos  he  llamado  reales.  En  otros 
trabajos  mfos  se  han  visto  las  relaclones  *  y  ': 


Fra-V0.12  iS-hO.081 


y  por  consecuencia: 


WV=-V0.12  5-H),081  COB  J 


Ya  se  sabe  que  estas  relaclones  dan  resultados  muy  aproximados  que  nunca 
hablan  side  obtenidos  hasta  ahora.  (8  representa  la  distancia  epicentral 
en  roillares  de  km.;  Wa  la  velocidad  absoluta  aparente  a  la  distancia  S,  y 
ITr  la  correspondiente  velocidad  real,  a  eA  Angulo  al  centre  correiqx>iidieDte 
al  arco  8,) 

En  las  dos  relaclones  las  W  est&n  expresadas  en  miUares  de  kildmetros 
por  minuto. 

Haciendo  entonces : 

a     16**  12^       ^ 
4         4  •  '"^    ^ 

deberd  reproUuclrse  seiwiblemente  el  valor  experimental  de  Wf  obtenido  por 
el  doctor  Oddone,  expresado  en  mlllares  de  kiI6metros  por  mfnuto. 
Tendremos  entonces: 

W;=V0.12. 1.8+0.081,  COB  4*»  3'; 
?Fr-Vo;297  cob  4*»  3'=0.6426 

mlllares  de  klldmetros  por  minuto. 
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El  doctor  Oddone  obtUTO  para  los  p6rfldos  8.8  km./seg.  que  redncido  a 
mlllareB  de  kil6metros  por  minuto  noB  darA: 

Trr=0.528. 

Los  do8  valores*  de  Wf  correspondent  pues,  bastante  bien. 

Elsta  concordancia  comprueba  la  gran  aproxlmaci6n  de  los  resultados 
obtenldos  por  dicho  autor  en  el  gablnete,  por  una  parte,  y  los  muy  satis- 
ftictorios  resultados  que  se  obtienen  con  mis  relaciones,  por  otra;  ademds. 
esta  concordancia  demuestra  que  la  ecuacl6n : 

0.528=V0.12  5+0.081  cos  | 

(en  la  cual  0.528  es  el  valor  experimental  de  Oddone)  resulta  satisfecha  con 
on  valor  de  £f  sensiblemente  igual  a  1,800  km.,  y  por  consiguiente :  a=16*. 

Luego,  el  valor  de  la  fiecha  correspondiente,  que  representard  la  profundidad 
de.  los  p&rfldo$,  se  aproximar&  a  los  65  km.,  valor  sensiblemente  concordant* 
con  el  ya  obtenido  como  profundidad  media  de  la  litosfera.  Repito  que, 
ocnpando  los  p<3rfidos  la  parte  mds  profunda  de  la  costra  terrestre,  sn  pro- 
fundidad representarA  tambi^n  la  profundidad  media  de  la  misma  costra 
terrestre. 

Por  eso  el  dato  que  nos  proporciona  el  profesor  Oddone,  nos  sirve  como 
de  nueva  prueba,  si  se  quiere  indirecta,  referente  a  la  dptima  atendibUidad  de 
mi  nuBonamiento  con  respecto  a  los  casos  Hmites  en  los  cuales  he  situado  los 
hlpocentros  y  sobre  los  valores  que  he  obtenido  sismoKSgicamente  con  respecto 
a  la  profundidad  de  la  costra  terrestre. 

De  los  resultados  obtenldos  por  el  doctor  Loukaschewitz  y  por  el  doctor 
Oddone,  que  han  sido  conflrmados  por  el  estudio  sismoldgico  hecho  en  esta 
Memoria,  no  surge  ninguna  duda  para  sostener  que  el  espesor  medio  de  la  costra 
terrestre  oscila  alrededor  de  los  70  km. 

Los  resultados  obtenldos  por  el  doctor  Loukaschewitz  por  sf  mismos,  aun 
siendo  aceptados,  habrfan  dejado  alguna  duda  sobre  su  ntendibilidad,  en  cuanto 
que  esos  resultados  se  basan  en  muchas  hipdtesis  y  premisas  y  he  aquf  que 
la  sismologfa  por  medio  del  sism6grafo  medidor  de  las  velocidades  aparentes 
de  las  ondas  sfsmicas,  nos  dice  que  la  profundidad  determinada  geol6giea* 
mente  por  el  doctor  Loukaschewitz  estd  muy  cerca  de  la  verdad,  borraudo 
de  tal  manera  la  ligera  duda  que  eventualmente  pudiera  haber,  quedado  acerca 
de  la  atendlbilidad  del  valor  de  la  profundidad  calculada  por  el  ge6]ogo  ruso. 

Con  seguridad  entonces  debemos  rechazar  los  resultados  de  cualquier  in- 
vestigaci^n  que  nos  proporcionen  profundidades  hipocentrales  acentuadamente 
superiores  a  cerca  de  los  70  km.,  quedando  asf  demostrado  cu&n  errdneos  eran 
loe  cAlculos  de  los  sism61ogos  que  le  asignaban  a  esa  profundidad  centenares 

The  Chairman.  The  reading  of  the  above  papers  by  title,  printed 
as  presented,  concludes  the  labors  of  subsection  A  of  Section  II.  If 
there  is  no  further  business  we  will  now  stand  adjourned.^ 

*  Through  the  courtesy  of  the  writers  there  was  presented  at  this  session  of  sub- 
section A  of  Section  II  to  the  Second  Pan  American  Scientific  Congress  copies  of  the 
foUowing  printed  books : 

Prindpales  bases  geoffsicas  de  la  sismologfa  modema,  por  el  Dr.  Santiago  I.  Bar- 
berena.  Director  del  Obserratorio  Nadonal  de  Bl  Salvador.  San  Salvador,  Imprenta 
Madonal,  1915. 

Metodologfa  pardal  de  ingenerfa  apUcada  a  la  geodesla  y  topograffa,  por  el  Tte.  Coronel 
lag.  AdriAn  Bola  Moreno,  Buenos  Aires,  1016. 
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SESSION  OF  SUBSECTION  B  OF  SECTION  U. 

CAKNBgni  Ikstitutiom, 
Friday  afternoon^  December  SI,  1916. 

CJudrmanj  Charles  F.  Marvin. 

The  meeting  was  called  to  order  at  2.80  o'clock  by  the  chairman. 

The  Chairmak.  I  will  ask  for  the  presentati<m  of  the  first  papar^ 
^  Monthly  storm  frequency  in  the  United  States,"  by  Prof.  C.  J. 
Eullmer,  of  Syracuse  University,  Syracuse,  N.  Y. 

MONTHLY  STORM  FREQUENCY  IN  THE  UNITED  STATES. 

BT  C.  J.  KULLMER» 
Frofessor  of  Germofs  8yruouse  UnkfertU^. 

We  have  a  number  of  careful  and  extensive  Investigations  of  the  storms  of 
the  United  States*  but  these  have  l)een  directed,  with  one  exception,  to  the 
study  of  individual  tracks,  their  grouping  as  to  type,  point  of  origin,  etc.  Tlie 
one  exception  mentioned  was  tlie  investigation  by  Dunwoody  of  the  distriba- 
Hon  of  storms  in  the  Northern  Hemisphere  for  the  10-year  international  period 
from  1878  to  1887;  Dunwoody  counted  the  number  of  storms  whose  centers 
passed  through  each  square  of  5*  longitude  by  5*"  latitude,  and  published  the 
results  in  a  map  for  each  month  and  a  year  map.  In  order  to  ascertain 
whether  a  shift  in  the  storm  area  of  the  United  States  would  be  visible  in  a 
similar  investigation  for  a  later  period,  I  made  six  years  ago  a  like  series  of 
maps  for  the  United  States  for  the  10-year  period  189d-1906;  the  two 
periods  were  thus  separated  by  an  interval  of  21  yeo^s.  The  comparison 
seemed  to  show  among  other  features  a  small  southerly  and  westerly  shift  of 
the  storm  area.  This  investigation  was  presented  before  the  Association  of 
American  Geographers  and  appeared  in  Huntlngton*s  "Climatic  Factor,"  No. 
192  of  the  Publications  of  the  Carnegie  Institution. 

In  order  to  test  more  thoroughly  the  findings  of  this  first  study  and  more 
especially  to  determine  whether  or  not  there  is  a  latitude  shift  of  the  storm 
area  corresponding  to  the  latitude  shift  of  the  sun-spots  known  under  the  name 
of  "Spoerer's  law  of  sun-spot  latitudes,**  I  decided  to  make  a  second,  more 
extensive  and  intensive  study  of  the  complete  material  furnished  by  the 
monthly  charts  of  storm  tracks  in  the  Monthly  Weather  Review,  reaching  back 
to  1874 ;  no  other  nation  has  such  a  splendid  series  of  storm  track  publications. 
The  main  difference  in  method  in  the  second  investigation  was  a  unit  area  of 
fi""  in  longitude  by  2}''  in  latitude,  making  a  unit  area  half  the  size  of  that 
-used  in  Dunwoody*s  and  my  own  first  study.  The  results  of  the  second  investl* 
gation  were: 

1.  A  complete  series  of  88  year  maps  from  1874  to  1912,  showing  some  strik- 
ing departures  from  the  meon  year  map. 
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2.  A  year  map  showing  the  mean  of  the  last  80  years,  and  charts  for  each 
year  showing  the  departures  from  this  mean  map. 

3.  Mean  year  maps  of  three  10-year  periods;  a  comparison  of  these  three 
maps  showed  more  conclusively  the  southerly  and  westerly  shift  indicated  in 
the  first  study. 

4.  The  most  important  result  was  the  discovery  of  a  regular  latitude  shift 
of  the  -storm  area,  in  a  manner  similar  to  Spoerer's  law  of  sun-spot  latitudes, 
through  a  comparison  of  three  years  at  solar  minimum  with  three  years  at 
solar  maximum.  The  latitude  shift  was  shown  conclusively  for  the  three  and 
a  half  solar  periods  now  available.  This  part  of  the  second  study  appeared  in 
Huntington's  Solar  Hypothesis  in  the  Bulletin  of  the  Geological  Society,  vol- 
ume 25,  pages  477  ft.   The  remainder  of  the  material  has  not  yet  been  published. 

The  present  third  study  is  based  on  the  original  material  collected  for  the 
second  investigation,  and  shows  the  distribution  of  storms  in  the  United  States 
by  months,  instead  of  by  years.  The  distribution  of  storms  is  shown  in  80- 
year  maps  for  each  month  and  also  in  10-year  maps  for  each  of  the  three 
10-year  periods.  A  comparison  of  these  three  10-year  periods  will  show  to 
what  extent  the  distributional  features  are  permanent  and  to  what  extent 
deviations  from  the  mean  may  be  expected.^ 

A  cursory  examination  of  these  10-year  maps  shows  little  of  the  banded 
effect  familiar  on  maps  showing  mean  storm  tracks.  The  lines  drawn  Include 
areas  of  10,  20,  80  and  40  storms  per  square.  Almost  without  exception  we 
note  a  single  large  area  of  10  or  more  storms,  including  within  it  mostly  a 
single  area  of  20  or  more  storms,  and  this  in  turn  one  or  more  small  areas  of 
80  or  more.  Squares  with  40  storms  in  10  years  are  rare,  only  eight  such 
squares  occurring  on  the  86  maps  with  their  total  of  4,896  squares;  January 
is  the  only  month  which  in  each  of  the  three  periods  developed  squares  with 
40  storms ;  the  eight  cases  are  restricted  to  the  northern  Lake  Superior  square, 
the  northern  Lake  Huron  square,  and  the  square  north  of  Lake  Ontario. 

Tabub  1. 


storms  per  square. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jime. 

Jnly. 

An,. 

Sept 

Oct. 

Nov. 

Deo. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

8 

2 

6 

7 

16 

9 

8 

0 

3 

0 

10 

8 

0 

16 

3 

2 

5 

2 

0 

1 

2 

1 

8 

6 

25 

17 

24 

18 

20 

8 

10 

14 

11 

28 

14 

28 

18 

27 

27 

17 

12 

21 

12 

20 

22 

10 

21 

21 

82 

24 

28 

24 

18 

10 

21 

16 

18 

17 

28 

26 

49 

45 

58 

47 

48 

80 

28 

24 

24 

81 

87 

41 

47 

51 

44 

53 

48 

20 

27 

22 

10 

82 

88 

88 

48 

55 

58 

42 

40 

44 

24 

28 

86 

87 

84 

42 

0B 

60 

54 

71 

78 

80 

02 

04 

08 

80 

70 

65 

58 

55 

56 

68 

76 

02 

88 

87 

84 

77 

67 

50 

52 

56 

48 

65 

67 

82 

00 

00 

85 

81 

76 

62 

Total. 


(188^1802.. 

40+{l883-1002.. 

llOOB-1012.. 

1888-1802. 
180&-1002. 
1008-1012. 

1888-1802. 
1808-1002. 
1008-1012. 


80-40 


20-80 


10-20  1803-1002. 
1008-1012. 

^  188^1802.. 
1803-1002.. 
1008-1012.. 


1 
6 
1 

36 
03 
28 

216 
287 
262 

461 
480 
407 

018 
857 
854 


The  above  tabulation  reveals  some  illuminating  facts  not  apparent  from  a 
general  examination.  It  shows  for  each  month  and  for  each  10-year  period  the 
number  of  squares  on  each  map  with  0-10, 10-20,  20^-80,  and  40  or  more  storms. 
We  notice  first  considerable  variability  in  the  squares  with  high  frequency. 
The  middle  period  shows  6  squares  over  40  compared  with  one  each  in  the 
other  periods ;  and  of  squares  from  80-40  the  middle  period  shows  98  compared 
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^  See  end  of  paper. 
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with  86  and  28.  This  iDcrease  Id  the  number  of  squares  of  high  frequency  in 
the  middle  period  is  one  of  the  most  striking  general  differences  between  the 
three  periods  and  is  very  apparent  in  a  general  examination  of  the  maps. 

Table  2. 


Stonnsper 
square. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dea 

40-f 

1 
7 

35 
48 
55 

1 

90-40 

3 
23 
50 
60 

4 
M 
U 
U 

3 
30 
47 
65 

1 
17 
46 
72 

1 
IS 

34 

88 

4 
17 
U 
90 

4 
17 
25 
90 

7 

15 
36 

88 

4 

20 
33 
79 

6 
20 
36 
74 

10 
3S 

30-30 

10-20 

40 
63 

0-10 

In  the  second  table  the  mean  of  the  first  table  is  shown.  Of  the  squares  with 
10-20  storms  the  marimum  of  53  falls  in  March,  the  figures  descending  in  se- 
quence to  a  minimum  of  25  in  July  and  August  Note  next  the  squares  with  low 
frequency  0-10,  with  the  minimum  also  in  March  and  rising  in  sequence  with 
the  slight  exception  of  February  to  a  maximum  of  00  out  of  a  total  of  136 
squares,  also  in  July  and  August  In  the  third  group  of  higher  frequency 
20-80  the  maximum  again  falls  in  March,  the  sequence  in  this  group  not  being 
so  regular.  The  month  of  March  is  thus  clearly  shown  to  be  the  stormiest 
month  of  the  year,  storms  being  most  evenly  distributed  over  the  largest  area. 
This  seems  to  agree  with  the  popular  conception  of  "stormy  March."  July  and 
August  are  seen  to  have  exactly  the  same  figures  of  distribution. 

Table  8. 


storms  per  square. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

ATer- 

80-40 

86 
30 
3 
5 

83 
17 
8 
10 

100 
8 
9 
6 

67 
15 
10 
5 

100 
18 

4 
4 

100 
38 
29 
5 

75 
34 

8 

1 

50 
13 
8 
2 

43 
27 
33 
5 

75 
10 
6 
3 

33 
21 
6 
7 

40 
9 
5 
3 

67 

30-30 

18 

10-30 

10 

0-10 

5 

The  smallness  of  the  deviation  in  the  number  of  squares  of  low  frequency 
I  found  to  be  exceedingly  striking,  and  I  have  computed  in  Table  3  the  average 
departure  from  the  mean  in  percentages.  We  note  several  mouths  with  a 
deviation  of  1,  2,  and  8  per  cent,  the  average  for  the  lowest  group  being  only 
5  p^  cent;  the  second  group  of  10-20  storms  shows  an  average  of  10  per 
cent,  the  next  18  per  cent,  and  the  group  of  30-40  storms  is  very  variable 
with  a  percentage  of  67.  We  can  state  this  interesting  and,  I  think,  valuable 
fact  In  other  words,  as  follows:  The  general  storm  area,  as  sllo^vn  by  a  c^^m- 
parison  of  three  10-year  periods,  is  remarkably  constant  in  its  size,  the  area 
including  10  or  more  storms  not  varying  more  than  an  average  of  5  per 
cent,  although  this  area  ranges  in  size  from  01  per  cent  of  tlie  entire  ninp 
in  March  to  only  34  per  cent  in  July  and  August  Furthermore,  increased 
storm  frequency  in  general  intensifies  centers  of  normal  high  stcimilness. 

As  Table  1  shows,  and  as  is  clearly  apparent  from  an  examination  of  the 
maps,  the  most  recent  period  shows  a  more  even  distribution  of  8tx>rnis  tliun 
in  the  two  former  periods.  The  middle  period  contrasts  with  the  others  in 
intensity  of  storminess  on  the  main  track. 


Digitized  by  VjOOQIC 


ASTBONOMY^  MBTEOBOLOGY^  AND  8BI8M0L0QY.  841 

We  come  now  to  the  discussion  of  two  interesting  aspects  in  the  illstribution 
of  storms:  (1)  the  increase  in  storminess  of  Western  Canada,  and  (2)  the 
increase  in  storminess  of  the  Southwestern  States.  These  features  came  out 
distinctly  in  the  year  maps  of  my  former  study,  and  the  present  investigation 
was  stimulated  largely  by  the  desire  to  study  them  more  in  detail.  If  the 
increase  shown  in  the  year  maps  is  distributed  evenly  throughout  the  year 
we  might  conclude  that  the  apparent  increase  is  merely  a  difference  in  the 
observational  material  or  its  treatment 

With  regard  first  to  Western  Canada  let  us  compare  the  second  period  with 
toe  first  The  increase  is  noted  especially  in  the  months  of  January,  April, 
June,  on  to  December.  March,  however,  shows  no  increase,  and  May  even 
shows  a  decrease  in  storminess.  The  third,  most  recent  period,  we  shoulfi 
expect  to  find  at  least  as  stormy  as  the  second,  if  it  were  merely  a  matter 
of  the  observations  and  their  treatment ;  but  in  the  third  period,  as  compared 
with  the  preceding  one,  we  find  a  general,  often  striking,  decrease  in  Western 
Canada  in  every  month  of  the  year  except  November,  which  shows  no  change. 
Compare  now  the  third  period  with  the  first  and  we  find  an  actual  decrease 
in  storm  frequency  in  May,  September,  and  October,  and  only  a  small  increase 
in  January,  Mfgrch,  April,  June,  July,  and  August  The  conclusion  thus  seems 
unavoidable  that  the  middle  period  shows  a  real  and  striking  change  in  the 
storm  frequency  of  Western  Canada. 

With  regard  to  the  increase  in  storminess  of  the  Southwestern  States  an  ex- 
amination of  the  maps  shows  that  the  increase  is  not  as  great  as  that  in 
Western  Canada,  that  it  varies  in  amount  in  different  months,  that  June, 
July,  August  and  December  show  little  or  no  increase,  and,  most  important  of 
all,  that  the  increase  is  in  general  progressive,  being  greatest  in  the  third 
period.  Again,  it  seems  Justifiable  to  conclude  that  the  variability  in  storminess 
noted  is  a  reality.  Of  course,  these  conclusions  Justify  no  prophecy  as  to  the 
future  of  the  features  noted.  It  will,  however,  be  interesting  in  ld22  to  see 
what  has  been  happening  in  our  own  decade  in  western  Canada  and  in  the 
Southwestern  States. 

Finally,  the  general  southerly  shift  of  the  storm  area,  which  is  shown  in  my 
first  study  by  a  comparison  with  Dunwoody  and  more  strikingly  in  my  former 
study  by  a  comparison  of  the  three  year-maps  of  the  10-year  periods,  remains 
to  be  considered.  Since  storm  frequency  gradually  decreases  toward  the  south, 
there  being  no  sharp  lines  for  comparison,  it  is  evident  that  the  most  conclusive 
evidence  is  to  be  sought  along  the  northern  boundary  of  the  storm  area,  where 
the  frequency  drops  off  toward  the  north  in  a  short  distance  from  probably 
the  highest  in  the  world  to  almost  sera  Although  an  increase  in  the  south  is 
shown  on  the  maps  I  shaU  restrict  myself,  for  this  reason,  to  a  discussion  of 
the  northern  boundary  of  the  storm  area — ^i.  e.,  above  latitude  42)''  and  east  of 
longitude  05*. 
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I  have  tabulated  in  Table  4  the  figures  for  the  squares  along  the  main  track. 
The  figures  of  the  rapid  decrease  in  storms  toward  the  north  are  interesting 
enough  in  themselves ;  one  is  compelled  to  wonder  whether  our  theories  on  the 
location  of  storm  tracks  are  sufllcient  to  explain  this  wonderful  phenomenon. 
The  table  presents  all  the  squares  from  longitude  95**  to  60"*  and  above  latitude 
42}* ;  the  figures  for  the  three  periods  are  placed  side  by  side  allowing  easy 
comparison.  The  month  of  September  shows  strikingly  this  abrupt  boundary, 
in  one  case  0,  16,  40.  The  figures  are,  however,  everywhere  astonishing.  The 
month  of  September  also  shows  in  the  most  marked  degree  the  southerly  shift 
At  the  right  of  the  table  I  have  put  together  a  comparison  of  the  third  period 
with  the  first  period.  The  uniformity  of  the  decrease  leaves  no  room  for  doubt  that 
a  definite  and  considerable  southern  shift  has  taken  place;  if  we  add  together 
the  figures  of  decrease  for  the  three  squares  the  phenomenon  is  still  more  strik- 
ing. In  the  cases  where  a  plus  figure  appears,  as  in  December,  +6,  an  ex- 
amination will  often  show  a  correspondingly  large  decrease  in  the  square 
located  above  it  We  have  already  noted  that  the  middle  period  is  character- 
ized by  intensified'  storminess  on  the  main  track  and  we  should  expect  the 
figures  to  be  higher  in  the  row  of  squares  above  42^"  latitude ;  in  quite  a  num- 
ber of  cases  this  will  be  seen  to  be  the  case.  But  even  for  the  middle  period 
a  decrease  in  regular  sequence  in  about  half  the  squares  is  found  in  the  row 
above  42}*,  while  in  the  row  above  45"  a  decrease  even  in  the  second  period  is 
the  rule.  It  is  interesting  to  note  that  the  southern  shift  is  not  uniform  in 
extent  in  all  the  months;  September,  November,  and  December  showing  the 
largest  southerly  shift,  but  the  included  October  shows  the  least  change  of  any 
month. 

In  conclusion,  I  do  not  know  how  else  to  interpret  the  evidence  of  this 
northern  boundary  than  to  assume  that  in  the  30  years  from  1883  to  1912  the 
storm  area  has  experienced  a  progressive  shift  southward ;  an  examination  of 
the  southern  boundary  of  the  storm  area  will  give  further  support  to  the  as- 
sumption that  the  whole  storm  area  has  been  involved  in  this  movement  The 
question  arises,  Is  there  any  possible  explanation  for  this  change?  What 
forces  are  at  work  that  are  competent  to  have  effected  such  a  general  move- 
ment of  the  storm  area?  That  solar  energy  is  capable  of  exerting  a  marked 
influence  on  the  location  of  storm  tracks,  is  demonstrated  conclusively  by  the 
latitude  shift  of  storm  tracks  within  the  11-year  solar  period.  To  explain 
such  a  general  progressive  shifting  of  the  whole  area  as  is  shown  by  these 
three  10-year  periods,  which  include  years  of  solar  maximum  and  minimum,  to 
explain  such  a  shift  I  can  only  point  to  the  conclusion  of  Dr.  L.  A.  Bauer  that 
the  magnetic  field  in  the  United  States,  itself  in  greatest  part,  probably,  an 
expression  of  solar  energy,  has  shown  a  similar  southerly  shift  in  this  period. 
It  was  this  working  hypothesis  that  the  magnetic  field  may  possibly  exert  a 
force  determining  to  some  extent  the  location  of  storm  tracks  that  led  me  to 
undertake  these  studies.  I  leave  it  to  those  more  competent  than  myself  to 
discuss  the  acceptability  of  this  theory.  A  false  hypothesis  is  at  least  useful  if 
it  leads  us  to  new  truth. 
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The  Chairman.  This  interesting  paper  is  now  open  for  discus- 
sion. 

Mr.  Henry.  I  consider  this  paper  by  Prof.  Kullmer  a  very  impor- 
tant one — SO  important  that  I  think  it  needs  further  study  and  inves- 
tigation on  slightly  different  lines  than  have  been  pursued  by  the 
author.  I  wish  to  call  attention  to  two  points  in  particular.  First, 
that  the  period  covered  by  these  records  is  not  homogeneous  with 
regard  to  the.  distribution  of  weather  stations.  In  the  beginning  the 
Southwest  had  fewer  stations  than  now.  That  would  naturally 
result  in  the  showing  of  fewer  storm  tracks  in  the  early  period.  Sec- 
ond, the  method  of  representing  the  paths  of  cyclonic  areas  across 
the  United  States  does  not  admit  of  showing  the  actual  extent  of 
them  in  latitude. 

Then  there  is  still  another  smaller  change.  In  early  years  the 
isobars  were  drawn  for  the  tenths  of  an  inch  difference  in  pressure. 
In  recent  years  a  change  was  made  which  permits  the  forecaster  to 
draw  an  isobar  at  the  center  of  a  disturbed  region  for  a  pressure  dif- 
ference of  five-hundredths  of  an  inch  instead  of  a  tenth  of  an  inch, 
as  formerly.  The  result  of  this  change  would  be  to  show  an  appar- 
ent increase  in  the  number  of  charted  storms.  In  general,  we  may  say 
that  there  are  several  pitfalls  to  be  avoided  in  drawing  conclusions 
from  the  published  storm  tracks,  but  imfortunately  we  have  not  time 
to  discuss  the  matter  fully  this  afternoon. 

Mr.  Arctowski.  I  had  the  pleasure  last  year  of  listening  to  a  com- 
munication on  the  same  subject  by  Prof.  Kullmer,  and  it  interested 
me  immensely.  I  have  again  the  pleasure  of  listening  to  the  progress 
of  the  year,  and  it  shows  an  enormous  amount  of  work.  I  hope  that 
next  year  we  will  have  some  more  in  the  same  direction  by  Prof. 
Kullmer. 

If  I  may,  I  want  now  to  make  a  suggestion.  I  think  it  would  be 
useful  to  consider  statistically,  by  the  same  method,  different  types  of 
storms  separately.  Of  course,  this  is  a  study  which  would  not  involve 
very  much  labor,  and  I  suppose  Prof.  Kullmer  intends  to  do  it.  Then 
I  should  like  to  express  some  doubts  about  the  figures  concerning 
Canada.  I  suppose  if  we  had  a  map  including  the  entire  area  of 
Canada  it  would  make  a  great  difference  in  the  number  of  lows  cross- 
ing the  Dominion.  One  map  published  six  or  seven  years  ago  in  the 
Monthly  Weather  Review  shows  the  lows  crossing  farther  up 
and  gives  a  better  idea  of  the  distribution  of  lows  than  the  usual 
monthly  maps  for  the  United  States.  Therefore,  perhaps,  it  is 
useless  to  speak  of  the  northern  boundary  of  the  area  of  greatest  fre- 
quency of  lows,  because  the  information  that  is  given  to  us  by  the 
maps  of  the  Weather  Bureau  is  not  sufficient  for  determining  that. 

Mr.  Huntington.  Mr.  Chairman,  it  seems  to  me  that  this  paper 
is  particularly  interesting  as  an  illustration  of  the  way  in  which  the 
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science  of  meteorology  grows.  With  larger  and  larger  groups,  we 
are  coming  now  to  a  point  where  we  are  making  the  cyclonic  storm 
perhaps  the  chief  meteorological  unit.  This  paper  is  particularly  sig- 
nificant because  it  represents  a  pioneer  attempt  on  a  large  scale  to 
show  exactly  what  the  storms  are  doing  from  year  to  year  and 
month  to  month.  We  are  always  interested  in  the  beginnings  of 
things.  It  possesses  also  another  merit.  It  is  a  very  discussable 
paper.  There  are  things  in  it  to  criticise,  and  a  great  deal  in  it  to 
praise.  It  seems  to  me  it  is  essential  to  all  of  us  as  workers  in 
meteorology  that  these  maps  should  be  published.  1  know  in  my 
own  work,  since  Prof.  Kulimer  has  shown  me  what  he  is  doing  in 
the  last  three  or  four  years,  his  results  have  been  a  great  inspiration, 
but  I  have  been  hampered  because  we  did  not  have  the  complete  data. 
Also  I  think  there  are  ways  in  which  his  material  could  be  improved. 
For  instance,  he  shows  in  the  maps  which  he  kindly  allowed  me  to 
publish  in  a  paper  in  the  bulletin  of  the  Geological  Society  that  there 
is  a  pronounced  tendency  for  the  same  phenomena  to  recur  in  each 
solar  cycle.  This  raises  the  question  whether  we  have  not  a  real 
solar  control  of  the  intensity  of  storms.  In  making  his  periods  10 
years,  it  seems  to  me  he  has  made  a  mistake.  I  have  told  him  before 
that  it  was  a  mistake  to  take  10  years  instead  of  11.  I  hope  the  maps 
can  be  published,  but  I  hope  they  can  be  remodeled  on  the  11-year 
basis,  beca\ise  if  there  is  anything  in  the  sun-spot  cycle,  the  maps 
should  be  published  in  such  a  way  as  to  test  the  matter. 

The  Chairman.  I  feel  obliged  to  limit  the  discussion  of  this 
paper.  We  shall  now  listen  to  the  paper  of  Prof.  Robert  De  C.  Ward, 
of  Harvard  University,  on  "The  thunderstorms  of  the  United 
States  as  climatic  phenomena." 


THE  THUNDERSTORMS  OP  THE  UNITED  STATES  AS  CUMATIC 

PHENOMENA. 

BY  ROBERT  DE  C.  WARD, 
Professor  of  Climatology^  Harvard  University. 

As  essential  characteristics  of  our  Ainericun  climates,  thunderstorms  have 
for  us  a  broad  human  interest.  From  the  viewpoint  of  climatology,  the  dis- 
tribution of  our  thunderstorms  is  of  more  interest  than  their  mechanism.  The 
part  played  by  their  rains  in  watering  our  crops  is  of  greater  Importance  than 
tlie  size  of  their  raindrops.  The  damage  done  by  their  lightning  and  hail  con- 
cerns us  more  than  tlie  cause  of  the  lightning  flash,  or  than  the  origin  of  the 
hailstones. 

WEATHEB  CHANGES  DX7BINQ  A  TYPICAL  SUMMER  THUNDEBSTOBM. 

As  indiridual  observers  we  have  little  conception  of  the  extent  and  general 
character  of  a  thunderstorm.  We  can  neither  see  through  the  clouds  up  to  Its 
top,  nor  to  any  distance  across  its  falling  rain.  Of  its  height  and  of  Its  ex- 
tent we  can  thus  have  little  information.    Yet  all  of  us  observe  thunderstorms. 
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usually  with  considerable  care,  because  they  are  phenomena  which  attract 
attention.  They  are  always  impressive,  often  violent,  and  occasionally  dan- 
gerous. The  self-recording  instruments  at  Blue  Hill  Observatory,  Readville^ 
Mass.,  have  kept  for  us  an  accurate  account  of  the  changes  in  temperature, 
humidity,  and  pressure,  and  of  the  amount  of  rainfali,  during  the  passage  of 
a  typical  thunderstorm.  Aug.  12,  1880.     (1) 

These  curves,  fig.  1,  illustrate  weather  conditions  and  changes  which  are  po^ 
fectly  familiar,  but  the  physiological  and  economic  relations  of  which  we  perliaps 
do  not  fully  appreciate.  A  thunderstorm  day  is  usually  close,  muggy,  and  op- 
pressive, with  temperatures  of  80*,  85**,  90*,  or  even  higher.  Reports  of  sun- 
strokes and  of  prostrations  by  the  heat  come  from  our  congested  cities,  for  thun- 
derstorm weather  is  good  sunstroke  weather.    The  advancing  clowls,  coming 
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Fio.  1.— Meteorological  records  obtained  daring  the  passage  of  a  summer  thtmder- 
storm  at  Blue  Hill  Observatory,  Mass. 

between  us  and  the  sun,  serve  as  a  shield,  and  the  temperature  begins  to 
fall,  but  not  enough,  at  first,  to  bring  any  decided  relief.  For  a  few  minutes, 
perhaps,  the  wind  shifts  and  blows  toward  the  approaching  storm,  a  fact  which 
has  given  rise  to  the  proverb,  "a  thunderstorm  comes  up  against  the  wind.** 
Then,  suddenly,  a  short,  sharp  squall  rushes  out  just  In  front  of  the  down- 
pouring  rain.  Advancing  with  a  rolling  motion  at  its  forward  edge,  this 
thundersquall  raises  clouds  of  dust  from  dry  country  roads  and  from  city 
streets.  It  quickly  makes  "white  caps'*  on  lakes,  ponds,  or  rivers.  Its  coming 
is  a  warning  that  the  rain  is  close  at  hand.  The  pressure  suddenly  rises  as 
the  squall  passes  over  the  barometer,  and  causes  the  characteristic  thunder- 
storm "nose"  on  the  pressure  curve.  Of  this  change  in  pressure  we  are  wholly 
unconscious,  but  it  has  much  interest  to  those  who  are  concerned  witli  the 
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mechanics  of  thnoclerstonits.  For  a  few  mlnntes  only  docs  tlie  sqnall  blow, 
but  it  brings  a  rapidly  faliing  temperature— a  most  welcome  relief  after  tlie 
oppressive  heat  of  the  preceding  hoars.  Down  goes  the  mercury,  5*,  lO',  15', 
even  20*,  in  a  short  time,  under  the  combined 
influence  of  the  cold  rain,  the  shade,  and  the 
active  evaporation.  And  down  falls  the  rain, 
first  in  a  few  large  drops;  then  in  the  char- 
acteristic thunderstorm  do>vnpour,  clearing 
the  hazy  air,  refreshing  the  hot  and  dusty 
earth,  and  relieving  our  nervous  tension.  A 
half-inch,  an  inch,  perhaps  even  more,  falls 
In  half  an  hour  or  so.  If  the  sun  has  not 
set,  a  rainbow  may  be  seen  on  the  rear  of 
the  disappearing  storm — "a  rainbow  at 
night"  which  is  "the  sailor's  delight,"  for 
the  storm  has  passed  by.  Cool  and  refreshed,  we  hear  the  rumbling  of  tlic 
thunder  becoming  fainter  and  fainter  in  the  distance,  and  look  forward  to  a 
peaceful  and  comfortable  night's  rest 


Fio.  2.— Tliimdrrttonrs  in  Iowa,  July  SI. 
1877  (Hinricbs). 


THE   lABGEB    CHABACTEBISnCS    AND    HABITS    OF    OUB    AlfERICAN    THX7NDEB8TOBMS. 

The  thunderstorms  of  the  eastern  United  States  are  characteristic  Ameri- 
can phenomena.  In  size,  intensity,  and  frequency  of  occurrence  they  are  unique. 
No  other  country  in  our  latitudes  can  approach  us  in  this  respect.    Hundreds 

of  observers,  carefully 
noting  the  times  of  occur- 
rence of  various  critical 
phenomena,  have  fur- 
nished the  data  which 
have  made  it  possible  to 
trace  the  life-history  of 
many  of  our  thunder- 
storms. We  have  •  been 
able  to  plot  their  position 
at  successive  half-hour, 
hour,  or  longer  inter- 
vals. Thus,  and  not  by 
individual  observations  at 
a  single  station,  can  we 
gain  an  understanding  of 
ttie  real  nature  of  these 
phenomena. 

Tlie  best  way  to  become 
familiar  with  the  larger 
facts  concerning  our  thun- 
derstorms and  their  move- 
ments is  to  examine  the 
accompanying  charts  (figs. 
2-8).  These  tell  their 
own  story.  The  num- 
bered lines  show  the  suc- 
cessive positions  of  the  storm  front,  at  dllferent  hours.  Figure  2  shows  the  first 
thunderstorm  ever  charted  for  the  United  States  (2).  This  storm  occurred  July 
81,  1877,  and  moved  across  Iowa  between  6  a.  m.  and  6  p.  m.,  the  storm  front 
becoming  wider  as  it  advanced. 


Fio.  3.— Thunderstorms  of  ICay  18  and  10, 1884  (Hascn). 
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In  figure  8  we  have  the  map  of  a  thunderstorm  system  of  great  extent, 
observed  May  18-19,  18S4,  ond  studied  by  the  late  Prof.  H.  A.  Hazen  (3).  The 
full  curving  lines  show  the  storm  front  at  successive  4-hour  intervals  May  18 ; 
the  broken  lines  refer  to  May  10.    It  will  be  noticed  that  the  district  of  storm 

activity  moved  to  the  east- 
ward l)etAveen  May  18  and 
19,  and  that  at  4  p.  m.,  May 
19,  the  storm  front  ex- 
tended from  northern  New 
York  to  Alabama. 

Figure  4  is  a  thunder- 
storm, distinguished  by  a 
marked  squall  wind,  charted 
by  H.  H.  Clayton  (4),  July 
5,  1884.  It  began  in  north- 
eastern Missouri  about 
noon  and  moved  southeast- 
ward, with  a  convex  front, 
at  the  rate  of  somewhat 
over  50  miles  an  hour,  dying 
out  not  far  from  the  At- 
lantic coast  about  midnight 
Figure  5  illustrates  a 
New  England  thunderstorm, 
July  21,  1885,  charted  by 
Prof.  W.  M.  Davis  (5). 
This  came  "  ready-made " 
from  the  West  Three  sep- 
arate and  distinct  storms, 
of  smojl  extent,  which  oc- 
curred partly  simultane- 
ously in  New  England  on  June  20,  1880,  are  shown  in  figure  0,  and  one  New 
Englnnd  storm  of  July  20, 1880,  is  shown  in  figure  7.  These  storms  were  charted 
by  Prof.  It  De  C.  Ward  (1). 

The  thunderstorms  of  June  7.  1802,  are  the  last  which  have  been  charted  for 
the  United  States  {Rg,  8).     (6)     On  that  day  a  belt  of  thunderstorm  activity. 


Fio.  4.— Thunderstorm  of  July  i,  ISSi  (Clayton). 


T-- 


NEW  YORK 


.     10  AM.   / 


MA55ACHU3ETTa 


/       \      /\  X         V    -v    X    •-^  '2M.  ^\      ' 


CONNEaiCUT 


R.I. 


rL^, 


^^^ 


FiQ.  6.— Tbundtfstorm  o(  July  21, 1885,  in  New  England  (Davis). 

which  had  been  noted  in  Wisconsin  ond  Illinois  the  day  before,  moved  east 
across  eastern  Indiana.  Michigan,  and  Ohio. 
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Our  larger  thunderstorms  (figs.  2  to  8)  occur  within  certain  weil-defineil 
areas  or  zones.  These  zones  of  thunderstorm  activity  move  eastward  across 
country.  Thus,  on  successive  days  States  fartlier  and  fartlicr  to  tlie  east 
have  their  thunderstorms  under  conditions  similar  to  tliose  which  previously 


Fio.  6.~Tbundcr8toniis  of  June  26, 1S8G,  in  Kew  England  (Ward). 

prevailed  to  the  west  Borne  along  by  the  upper  currents  at  the  levels  of  the 
thunderclouds,  our  thunderstorms  tliemselves  also  move  eastward,  spreading 
out  as  they  go.  The  area  which  a  single  storm  covers  Is  therefore  usually 
roughly  fan-shaped,  the  handle  of  the  fan  being  toward  the  west    With  the 


Fio.  7.— Thunderstorm  of  July  29, 1S86,  in  New  England  (Ward). 

speed  of  a  moderately  fast  train  (30  to  40  miles  an  hour)  they  travel  on  their 
way.  Sometimes  they  rush  abend  as  fast  as  an  express  train  (50  or  more 
miles  an  hour).  Sometimes  they  move  no  faster  than  a  horse  can  trot,  or 
occasionally  even  come  to  a  dead  stop  for  a  short  time.    Knowing  the  rate  of 
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MICHIGAN 


progression  and  the  duration  of  the  rain  at  any  place,  it  is  a  simple  matter  to 
determine  the  width  of  the  area  over  wliich  rain  is  falling  at  one  time.  If  the 
storm  mores  at  40  miles  an  hoar  and  the  rain  lasts  lialf  an  lumr,  the  width 
of  the  rain  belt  is  about  20  miles.  Its  length  corresponds  to  the  length  of  the 
storm  front  Tills  area  is  generally  roughly  lens-shaped,  convex  to  the  east, 
concave  to  the  west 

Our  thunderstorms  are  not  all  alike.  There  are  some  which  are  almost 
tomadic  in  tlieir  violence,  last  for  hours,  and  cross  several  States,  covering  a 
distance  as  great  as  that  from  the  Mississippi  Valley  to  the  Atlantic.  Th^re 
are  some  so  small  and  so  mild  that  they  are  limited  to  a  county  or  two  in  a 
single  State,  and  bring  but  a  few  peals  of  thunder  in  a  gentle  shower  of  rain. 

DISTBUmnON  OF  OXJB  THUNDEB8TOBM8  IN  FLACK. 

Figure  9  shows  the  essential  facts  concerning  the  distribution  of  our  thunder- 
storms (7).  The  numbers  are  the  total  thunderstorms  recorded  during  the  10 
years  1004-1013,  Inclusive.  The  yearly  average  may  be  obtained  by  dividing 
these  numbers  by  10.    The  data  must  not  be  taken  too  literally.    Considerable 

diversity  among  observers  as  to  what 
constitutes  a  thunderstorm  day  is  In- 
evitable. No  part  of  the  country  is  en- 
tirely free  from  thunderstorms.  The 
centers  of  greatest  activity  are  in  Flor^ 
Ida  and  northern  New  Mexico.  It  is 
noticeable  that  these  two  regions  differ 
markedly  from  one  another  in  altitude 
as  well  as  In  climate.  In  both  cases 
the  thunderstorms  are  chiefly  local  phe- 
nomena. Topography  is  seen  to  have 
an  important  control  over  the  occur- 
rence of  thunderstorms.  The  north- 
ern tier  of  States  has  distinctly  fewer 
thunderstorms  than  the  southern.  It 
Is  over  the  Immense  area  east  of  the 
Rocky  Mountains  that  our  great  State- 
wide thunderstorms  occur,  whose  char- 
acteHstlcs  have  been  described.  Throughout  this  area,  also,  on  hot  summer 
afternoons  hundreds  of  scattering  sporadic  thunderstorms  spring  up,  of  local 
Importance  because  supplying  rain,  but  not  combined  Into  any  general  sys- 
tem or  group.  These  local  storms  are  more  frequent  in  southern  sections,  espe- 
cially in  our  Gulf  States,  and  during  the  warmer  months  may  occur  in  spells 
day  after  day  with  almost  tropical  regularity. 

It  is  a  choracteristlc  of  arid  and  semlarid  regions  that  thunderstorm  rains 
do  not  reach  the  ground,  but  evaporate  on  the  way  from  cloud  to  earth.  With 
exasperating  frequency  the  farmers  of  our  Great  Plains  watch  the  building  up 
of  immense  thunderstorm  clouds  on  hot  summer  afternoons;  see  the  gradual 
preparation  for  the  production  of  a  heavy  and  much-needed  rain,  only  to  be 
disappointed  by  the  failure  of  the  shower  to  survive  until  It  falls  to  the  surface. 
Similarly,  many  thunderstorms  form  over  the  higher  mountains  of  our  western 
plateau  States  and  drift  off  over  the  lowlands  to  the  east  Their  rain  com- 
pletely evaporates  before  it  can  reach  the  parched  and  dusty  ground,  or  per- 
haps they  give  only  n  disappointing  sprinkle  Instead  of  the  heavy  shower 
which  has  been  seen  falling  on  the  distant  mountain  slopes,  and  which  tem- 
porarily replenished  the  mountain  streams. 


VIRGINIA 


Fio.  8.— Thnnderstonn  of  June  7,  1802  (U.  S, 
Weather  Bureau).  * 


Digitized  by  VjOOQIC 


ASTBONOMT^  METEOBOLOQT^  AND  SEISMOLOGY. 


899 


The  thanderstorms  of  the  mountains  and  plateaus  of  the  west  (plateau 
province)  are  chiefly  local,  short-lived,  and  sporadic  They  find  their  oppor- 
tunity in  the  warm  air  ascending  the  mountain  sides,  or  rising  from  the  broad 
plateaus.  They  supply  much  of  the  heavier  rainfall  of  the  higher  elevations 
conunonly  known  as  *'  islands  **  of  rainfall,  although  much  more  appropriately 
termed  "  lakes.*'  Most  of  them  are  bom  ond  die  unnoticed  and  unrecorded  on 
fiir-away  uninhabited  slopes,  or  in  deep  rocky  canyons  remote  from  human 
settlements.    Occasionally  there  comes  a  sudden  torrential  downpour  over  a 


limited  area  of  arid  mountain  country — a  •*  cloud-burst,"  so-called — ^which  Ik 
a  f^w  minutes  changes  dry  river  beds  in  deep  canyons  into  raging  torrents; 
tearing  down  with  irresistible  violence;  sweeping  away,  in  a  moment  of 
time,  hunters,  prospectors,  farmers,  cattle,  everything  within  reach  of  the 
seething  waters.  Strongly  contrasted  with  such  heavy  downpours  are  the 
great  clouds  of  dust  produced  by  the  squall  winds  of  thunderstorms  which 
advance  across  our  western  plains  and  the  ^deserts'*  without  bringing  an^ 
rain.    These  are  often  real  dust  storms.    Occasionally  **  electric  storms,"  with- 
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out  clouds  or  precipitation,  but  often  accompanied  by  dry  and  dusty  wlnds^ 
are  observed  in  fine  wentlier  on  the  western  plains,  in  the  foothills,  or  at  the 
higher  altitudes  on  our  western  mountains.  The  air  is  highly  electrified. 
Light  electrical  discharges  may  be  seen  in  the  air  or  moy  take  place  through 
the  body.  Wire  fences  and  other  metallic  objects  give  shocl^s  when  touched. 
Mountain  tops,  trees,  the  horns  of  cattle,  and  other  objects  are  sometimes  tipped 
with  "  balls  of  fire." 

On  the  Pacific  slope  thunderstorms  are  comparatively  infrequent  and  usually 
very  ligtit,  although  in  nortliern  intand  sections  their  hall  does  often  injure 
crops.  They  are  not  often  experienced  on  the  immediate  coast»  but  occur  more 
frequently  in  the  interior  valleys  and  on  the  mountains.  They  are  characteristic 
summer  phenomena  on  the  higher  mountain  slopes  and  furnish  much,  or  all»  of 
the  "  dry  season  *'  rainfall  of  those  localities. 

Thunderstorms  of  past  years  ("  fossil  thunderstorms  ")  may  often  be  detected 
by  the  damage  done  by  tlieir  squall  winds  in  uprooting  and  breaking  off  trees 

in  forests,  and  by  the  "fulgurites'* 
of  vitrified  sand,  caused  by  lightning 
flashes  which  struck  into  the  earth. 

DISTRIBUTION   OF  OUK  THUNDERST0BH& 
IN  TIME. 

In  relation  to  man*s  activities  it  is 
of  significance  that  most  tliunder- 
storms  occur  at  the  time  of  year  ond 
at  hours  wiien  outdoor  activities  are 
at  their  height — i.  e.,  in  the  warmer 
months  and  the  warm  hours  of  mid- 
dle or  later  afternoon.  Whatever 
benefit  or  injury  they  may  bring 
therefore  forces  itself  upon  our  at- 
tention. These  are  the  times  when 
farmers  are  likely  to  be  at  work  in 
'heir  fields  and  when  those  who 
enjoy  summer  vacations  are  making  the  most  of  their  outdoor  life.  Hence, 
picnics  and  all  kinds  of  summer  excursions,  to  say  nothing  of  the  more  serious 
business  of  tlie  agriculturist,  are  so  often  interfered  with.  Yet  tlmnderstorms 
may  come  at  any  time,  day  or  night  Often  we  are  o wakened  from  a  sound 
sleep  by  the  heavy  rainfall,  the  lightning,  and  the  thunder  of  a  late  night  or  an 
early  morning  storm,  which  began  in  the  afternoon  some  distance  to  the  west 
Except  for  the  annoyance  of  being  awakened  and  the  possible  fear  which  we 
may  have  of  lightning  danger,  these  night  storms  do  not  immediately  affect  our 
comfort  or  our  plans.  Night  thunderstorms  seem  to  be  less  frequent  in  tiie  Gulf 
province  and  in  the  Southern  States  generally  than  elsewhere  in  the  East 
Along  the  Atlantic  coast  the  comparatively  rare  thunderstorms  of  winter  prefer 
the  evening  and  night  hours. 

The  season  of  thunderstorms  varies  more  or  less  according  to  latitude.  The 
Southern  States  may  be  said  to  be  In  the  thunderstorm  belt  throughout  the 
year.  In  the  Gulf  province  thunderstorms,  or  general  rains  accompanied  by 
tliunder,  are  not  uncommon  in  winter,  occurring  with  decreasing  frequency 
northward.  In  winter  the  center  of  maximum  thunderstorm  activity  is  over 
the  Middle  Gulf  States.  This  center  moves  northward  as  spring  and  summer 
come  on,  advancing  both  north  and  west  By  July  the  centers  of  maximum 
activity  are  in  Florida  and  in  New  Mexico.    Taking  the  country  as  a  whole. 


Fio.  10.— Relation  of  tbunderstonns  to  oyolcmlo 
ceaters  U  New  England,  August,  18S6  (Ward). 
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December  brings  fewest  tbundarstorms  and  July  the  most  Late  lE^ring  and 
early  summer  bring  considerable  thunderstorm  rainfall,  which  is  of  marked 
economic  importance,  over  the  eastern  Rocky  Mountain  foothills  and  the  Great 
Plains.  Over  the  plateau  region  the  thunderstorms  of  late  summer  are  the 
most  frequent.  In  New  Mexico  and  Arizona  these  bring  the  well-marked 
summer  rainy  season  of  those  States  (July-August). 

On  the  Pacific  slope,  while  the  inland  thunderstorms  show  a  preference  for 
sununer,  the  rarer  ones  of  the  immediate  coast  develop  chiefly  in  winter. 

THUNDERSTOBM  WEATHER  TYPES. 

The  thunderstorms  of  the  eastern  United  States  are  not  uniformly  distributed 
through  all  types  of  our  summer  weather.  They  come,  numerous,  widely  ex- 
tended, well  marked,  during  a  few  days,  and  then  there  is  a  lull.  Perhaps  two 
or  three  or  more  days  of  cooler,  clearer  weather  pass  by  with  but  a  few 
scattering  ones,  or  none  at  all.  This  more  or  less  clearly  defined  periodicity  is 
related  to  the  larger  movements  of  the  atmosphere,  and  may  often  be  taken 
advantage  of  in  planning  outdoor  work  or  sport  Thunderstorms  depend  upon 
temperatures,  below  and  aloft  They  may  result  (1)  from  tlie  excessive  heating 
of  the  lower  air  (**heat  tliunderstorms"),  or  (2)  from  the  arrangement  of  tlie 
lower  and  upper  currents  under  the  control  of  a  passing  cyclonic  storm  area 
("cyclonic  tliunderstorms"),  or  (3)  from  a  combination  of  both  causes.  From 
the  viewpoint  of  climate  we  are  not  immediately  concerned  with  the  details  of 
what  goes  on  above  our  heads.  Our  interest  centers  in  the  weather  conditions 
on  the  earth*s  surface  which  are  associated  with  thunderstorm  occurrence,  and 
which  immediately  affect  us. 

The  preponderance  of  thunderstorms  In  the  afternoon  hours  shows  that  the 
warming  of  the  lower  air  by  the  sun  during  the  day  plays  an  important  part  in 
thunderstorm  development  whatever  may  be  the  special  relations  of  the  air 
currents  below  and  aloft  But  we  also  know  that  most  of  our  thunderstorms, 
and  indeed  all  our  larger  and  best-developed  ones,  occur  in  a  fairly  definite 
position  with  relation  to  a  center  of  low  pressure.  Hence  the  name,  "cyclonic 
thunderstorms."  In  figure  3  the  dotted  lines  at  the  top  sliow  the  positions 
and  path  of  the  cyclonic  center  in  connection  with  whicli  the  thunderstorms  of 
May  18  and  19,  1884,  occurred.  As  this  center  moved  east  the  district  of 
thunderstorm  activity  moved  east  also.  For  New  England,  It.  De  0.  Ward  has 
drawn  lines  joining  the  thunderstorm  district  witli  the  contemporaneous  ceuter 
of  low  pressure  nearest  New  England  (1).  The  results  for  August  1880,  are 
shown  in  figure  10. 

For  general  climatic  purposes  we  may  group  our  so-called  "cyclonic"  thunder- 
storms in  relation  to  the  weather  types  in  which  they  occur  as  follows.  There 
are  (a)  tiie  thunderstorms  whicli  spring  up  in  tlie  hot,  muggy,  southerly 
winds  in  front  (southeast)  of  an  approaching  cyclonic  center.  These  depend 
(1)  upon  local  warming,  under  the  day's  sunshine;  (2)  upon  Imported  heat 
brouglit  from  the  soutii  by  tlie  winds,  and  probably  also  (3)  upon  a  criss- 
crossing of  the  upper,  cooler,  over  tlie  lower,  warmer  air  currents.  The  double 
source  of  warming  (1)  (2)  explains  the  excessively  high  and  uncomfortable 
temperatures  under  which  we  suffer  on  so  many  days  when  we  long  for  a 
tlmndcrshower  to  "cool  the  air."  A  temporary  fall  in  temperature  we  may 
be  sure  of,  but  when  the  thunderstorms  of  the  first  group  (a)  develop  some 
distance  in  advance  of  the  cyclonic  center— L  e.,  well  within  the  belt  of 
southerly  winds— the  same  winds  prevail  after  the  storm  as  before  it,  and 
a  cooler  day  following  need  not  be  looked  for. 

The  second  group  {b)  includes  many  of  the  largest  ond  best-developed 
thunderstorms  of  the  eastern  United  States.  These  occur  in  or  close  to  the 
transition  zone  between  the  warm,  muggy  weather  brought  by  the  southerly 
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winds  In  front  of  a  pasBing  cydonlc  area*  and  the  cooler,  drier,  dear  weath^ 
which  comes  with  the  westerly  and  northwesterly  winds  In  Its  rear.  The 
Ideal  conditions  for  this  type  are  attained  when  the  contrasted  southerly  and 
westerly  winds  are  In  the  most  marked  opposltloo.  This  happens  when  the 
foothem  portion  of  the  low-pressore  area  is  tnmgh  cht  V-shaped,  making 
what  Is  known  as  a  ''wind-shift  line.**  Here  the  cooler  westerly  winds  may 
easily  undermn  and  lift  op  the  warmer,  damper  southerly  winds.  Here  Is  a 
natural  home  for  violent  oTertumlngs  and  conflicts.  Here  our  most  severe 
thunderstorms  and  our  stkll  more  severe  tornadoes  are  bom.  Along  this 
wind-shift  line  there  often  develops  a  long  row  of  thunderstorms  ("line  thunder- 
storms**  they  may  well  be  called),  progressing  eastward  as  a  body  with  tlto 
advance  of  the  trough  Itself.  Thumlerstorms  of  this  type  (5)  come  as  a 
welcome  relief  at  the  dose  of  an  enervating  and  depressing  hot  spell.  They 
are  usually  followed  by  two  or  three  days  of  bright,  dear,  cool  weather — 


Fio.  IL— Cydooie  thimdtfstonii  type  map. 

cur  summer  cool  wave,  refreshing.  Invigorating,  health-giving.  In  winter, 
thunderstorms  of  this  same  type  occur  over  our  southern  and  South  Atlantic 
coast  States,  occasionally  reaching  as  far  north  as  New  England.  The  proverb 
current  in  parts  of  the  South,  that  **a  thunderstorm  in  winter  means  colder 
weather,**  refers  to  the  fall  in  temperature  brought  by  the  northwesterly  winds 
as  the  wind-shift  line  passes. 

Thunderstorms  also  occur  (c)  in  the  belt  of  westerly  winds  on  the  rear 
(southwest)  of  a  cyclonic  center  which  has  already  passed  by  on  the  north. 
These  come  on  generally  fine  days,  cooler,  and  more  comfortable  than  our 
''hot  spells.'*  They  are  smaller  and  less  violent  than  those  of  the  preceding 
class  (6),  and  are  not  followed  by  as  marked  a  fall  In  temperature,  for  tlicy 
themselves  occur  in  the  cool  quadrant  of  a  cyclone.  Our  northwest  winter 
snow  squalls  are  probably  essentially  of  the  same  nature. 

Figure  11  is  a  broadly  generalised  composite  map  showing  conditions  under 
which  cydonlc  thunderstorms  are  Ukely  to  occur,  over  the  area  from  the  central 
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Mississippi  Valley  eastward.  As  the  low  pressure  area  moves  east  or  northeast, 
the  thunderstorm  district  moves  with  it  The  latitudes  over  which  such  cyclonic 
thunderstorms  will  occur  naturally  depend  upon  the  position,  movement,  and 
characteristics  of  the  cyclones.  The  prevailing  paths  and  movements  of  our 
summer  lows  in  the  easte];p  United  States  bring  the  district  of  maximum 
'Adonic  thunderstorm  occurrence  about  as  indicated  in  figure  11.  Cyclonic 
thunderstorms  develop  under  other  conditions  in  relation  to  their  parent  cy- 
clone than  the  three  just  described.  In  the  upper  Missouri  Valley  and  on  the 
northeastern  Rocky  Mountain  slopes,  as  noted  by  Prof.  A.  J.  Henry,  they  are 
frequent  in  the  northwest  quadrant  Again,  while  ordinary  widespread  rain- 
storms are  unfavorable  to  thunderstorm  development  there  are  many  occur- 
rences of  lightning  and  thunder  during  such  general  rains.  The  characteristic 
features  of  these  nondescript  thunderstorms  are  usually  merged  in  those  of  the 
larger  storm.  Sometimes  a  line  thunderstorm  at  the  end  of  a  general  rain 
results  in  a  definite  clearing.  Favorable  thunderstorm  conditions  are  occa- 
sionally found  where  temperatures  are  sharply  contrasted  along  the  boundary 
line  between  warmer  and  cooler  winds,  as,  e.  g.,  near  the  New  England  coast 
where  a  cool  easterly  wind  from  the  ocean  pushes  its  way  into  a  general  flow 
of  warm  southerly  winds  over  the  land.  However  carefully  we  may  try  to 
classify  cyclonic  thunderstorms,  many  cases  inevitably  remain  in  which  these 
storms  spring  up  regardless  of  all  our  rules. 

On  the  Pacific  slope  the  winter  thunderstorms  of  the  California  coast  move 
in  from  the  ocean  in  connection  with  general  cyclonic  conditions.  Farther 
north,  in  Oregon  and  Washington,  the  summer  thunderstorms  are  usually  asso- 
ciated with  a  low-pressure  area  originating  in  the  heated  valleys  of  central  and 
northern  California.  The  low  moves  northward  into  eastern  Oregon,  eastern 
Washington,  or  Idaho,  Increasing  in  development  and  in  area  covered.  High 
pressures  prevail  over  northwestern  Washington  and  thunderstorms  occur  on  the 
western  or  northwestern  quadrants  of  the  low. 

There  is  no  really  hard  and  fast  line  between  cyclonic  and  heat  thunder- 
storms. Heat  thunderstorms,  so-called,  are  those  which  spring  up  locally,  on 
hot  muggy,  relatively  calm  days,  when  there  is  a  generally  uniform,  rather 
"nondescript**  pressure  distribution,  near  or  but  slightly  below  normal,  over  a 
wide  area.  They  often  develop  at  many  widely  scattered  places  on  the  same 
day,  sometimes  over  the  whole  region  east  of  the  Mississippi  River,  and  espe- 
cially in  and  near  mountains.  They  usually  maintain  their  own  identity  with- 
out uniting  with  their  fellows;  are  small  affairs,  moving  but  short  distances; 
not  lasting  through  the  night  but  perhaps  developing  again,  day  after  day, 
throughout  a  favorable  spell  of  weather.  Heat  thunderstorms  of  this  kind  are 
really  nothing  but  overgrown  summer  daytime  clouds  (cumulus).  While  they 
are  far  from  uncommon  over  the  central  and  northern  portions  of  the  United 
States  east  of  the  Rocky  Mountains,  they  are  chiefly  characteristic  of  the  Gulf 
and  South  Atlantic  coast  States,  and  of  the  mountain  and  plateau  districts  of 
the  plateau  and  Pacific  provinces.  The  summer  thunderstorms  of  California 
are  characteristically  "heat  thunderstorms."  It  is  to  this  group,  therefore,  that 
most  of  the  typical  summer  thunderstorms  of  our  western  country  t>elong, 
which,  over  some  sections,  may  occur  almost  daily  throughout  their  season. 

In  figure  12  we  have  a  generalized  map  showing  conditions  favorable  for  the 
development  of  heat  thunderstorms  over  tJie  eastern  United  States. 

Many  other  types  of  isobaric  arrangement  might  equally  well  be  shown  ns 
characteristic  of  heat  thunderstorm  occurrence. 
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THUNIHCBSTOBIIS  III  BSIATION  TO  MAN  I  BAIN,  WIND,  AND  HAIL. 

Thanderstomis  bring  us  modi  that  Is  of  benefit  They  aUK>  cause  Umb  of 
life  and  of  property.  The  good  and  the  evil  are  balanced  against  one  imotfaer. 
To  them  we  owe  much,  in  parts  of  the  country  eren  most,  of  our  spring  and 
summer  rainfalL  Thnnderless  rains  are  exceptional  in  those  seasons  over  ex- 
tended areas,  especially  tn  the  western  mountain  and  plateau  region.  Without 
these  beneficent  thunder^owers,  our  great  staple  crops  east  of  the  Rocky 
Mountains  weald  never  reach  maturtty.  One  good  thundershower  oyct  a  con- 
siderable area  at  a  critical  crop  stage  is  worth  hundreds  of  thousands  of 
dollars  to  American  ftumers.  Our  slodi  markets  time  and  again  9hcfw  the 
favorable  reaction  of  sodi  eoodltions  upon  the  prices  of  cereals  and  also  of 
railroad  and  other  stodoi.*   Thundershowers  break  our  summer  droughts; 


Fio.  13.— HeAt  thunderstorm  type  map. 

cleanse  our  dusty  air ;  refresh  our  parched  earth ;  replenish  our  failing  streams 
and  brooks,  and  bring  us  cool  evenings  and  nights  after  sultry  and  oppressive 
days. 

It  is  of  considerable  human  and  economic  importance  that  our  larger  thunder- 
storms are  not  everywhere  equally  severe.  They  are  not  a  well-united  whole, 
but  rather  a  series  of  storms  loosely  conneote<i,  moving  as  a  body.  Thus  their 
action  is  uneven,  their  intensity  varies,  and  their  destructive  effects  are  usually 
limited  to  relatively  narrow  belts.  This  fact  of  varying  int^slty  along  the 
storm  front  probably  partly  explains  the  popular  belief  that  thunderstorms 
often  *'  divide.**  A  careful  charthig  of  aU  New  England  thunderstorms  in  1886 
and  1887  (1)  failed  to  confirm  the  belief  that  there  is  any  "dividing**  In  any 
special  localities.  Only  very  rarely  do  breaks  in  the  storm  front  keep  their 
position  in  the  mass  of  the  moving  storm  and  travel  some  distance  with  it 
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Tbere  la  anotbcr  popular  heiiet  tkat  thunderatorm  mav^nents  are  controlled 
by  topography.  It  la  true  that  the  amaller,  more  local  storma  are  InfloeBced, 
both  In  their  origin  and  In  their  movementa,  by  topograpl^,  especially  by 
BMuntalna;  but  It  la  difficult  to  believe  that  our  larger  thunderatorma,  whose 
mechanlam  la  chiefly  at  work  In  the  clouds  and  which  move  undw  the  control 
of  the  higher  air  currenta,  can  be  appreciably  affected  by  hllla  and  valleys. 

Turning  to  the  unfavorable  aspects,  severe  thunderstorms  often  seriously 
damage  and  prostrate  crops;  wet  them  after  harvesting  and  before  they  are 
under  cover ;  flood  streets  and  cellars,  and  cause  local  washouts.  Most  of  our 
heaviest  short  downpours  come  In  thunderstorms,  except  In  the  coast  districts 
which  are  visited  by  West  Indian  hurricanes.  The  thunder  squall  Is  a  phenome- 
non of  no  slight  Importance.  Dangerous  this  squall  often  is,  and  sometimes 
fatal  to  human  life,  for  It  readily  capsizes  small  sailboats  and  canoes.  Its 
sudden  coming  should  be  carefully  guarded  against  It  Is  often  sufficiently 
violent  to  sni^  off  branches  and  to  beat  down  standing  crops ;  more  rarely  to 
uproot  trees  and  to  wreck  buildings.  All  of  our  more  severe  thunderstorms 
are  occasionally  accompanied  by  hail.  Fortunately,  however,  hall  falls  over 
narrow  belts  In  the  general  storm  mass,  so  that  the  damage  is  confined  to 
relatively  small  areas.  When  the  hailstones  are  large,  windows  are  broken, 
crops  ruined,  and  small  animals  and  birds  are  killed.  Oases  are  reported  of 
the  breaking  of  great  numbers  of  wild  birds*  eggs  by  hall,  and  of  a  smaller 
number  of  the  birds  later  In  the  season.  After  a  severe  storm,  hall  occasionnlTy 
lies  in  drifts  In  the  hollows  of  roads  and  fields,  and  may  even  be  gathered  in 
considerable  quantities.  Thus,  in  New  England,  July  19,  1886,  a  woman  was 
reported  to  have  collected  a  quantity  of  hailstones  by  means  of  which  she 
*'  made  several  quarts  of  very  nice  ice  cream  and  kindly  distributed  it  among 
her  neighbors.**  Hall  Insurance  is  a  natural  development  in  man's  relation 
to  this  hostile  weather  element,  but  is  still  in  a  tentative  state  in  the  United 
States,  as  our  hail  statistics  are  not  yet  sufficiently  accurate  to  serve  as  a 
sound  basis  for  such  business.  The  increasing  use  of  glass  hothouses  for 
raising  flowers  and  garden  truck  near  our  large  cities  is  a  good  example  of 
man*s  dealre  to  make  himself  more  and  more  independent  of  unfavorable 
climatic  conditions.  A  hothouse  is  useful  for  keeping  out  cold  and  high  winds 
and  damaging  rains.  It  enables  man  to  give  his  flowers  and  his  vegetables  a 
favorable  and  a  highly  artificial  climate  under  his  own  control.  But  the  glass 
can  not  stand  the  heaviest  hailstones,  and  the  loss  at  such  times  is  often  very 
considerable.  Hall  falls  most  often  In  spring  and  early  summer,  and  more  often 
in  the  States  of  the  central  Mississipi  and  Ohio  Valley  than  over  the  Gulf 
province  or  the  Great  Lakes. 

IJGHTNI^O     DANGER,     DAMAGK    ANI>     PROTECrriON. 

I^igbtning  la  powerful  and  dangeroun.  Few  of  u«  care  to  be  exposed  to  it. 
Yet  there  Is  much  needless  fear.  Most  thunderstorms  are  harmless.  Many 
lightning  flashes  are  too  weak  to  cause  death.  Large  numbers  of  flashes  are 
from  cloud  to  cloud  and  do  not  affect  our  safety.  Prof.  A.  .T.  Henry  has 
constructed  a  map  showing  the  average  number  of  fatal  casen  of  lightning 
stn^e  annually  per  unit  area  of  10,000  square  miles  (8).  Between  700  and  800 
persoDB  are  killed  each  year,  on  the  average,  and  probably  fully  twice  as  many 
are  injured.  If  both  unit  area  and  populatloo  dlenslty  are  considered,  the 
larseat  mortality  Is  In  the  Ohio  Valley  and  Middle  Atlantic  States.  The  small 
number  ot  deaths  in  the  Gulf  province  and  the  adjoining  States,  in  spite  of 
great  thunderstorm  activity,  has  been  ascribed  by  Prof.  Henry  to  the  sparse- 
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ness  of  population  and  to  the  milder  character  of  the  storms  themselves.     (See 
figure  13.) 

There  are  certain  large  facts  in  our  relation  to  lightning  which  are  well 
established.  Isolated  houses  and  farm  buildings  in  the  country  are  more 
liable  to  be  struck  than  dty  buildings.  Our  modem  city  skyscrapers,  with 
their  steel-frame  construction,  are  in  themselves  excellent  lightning  conductors. 
Our  great  networks  of  wlre&— telephone,  telegraph,  trolley,  electric  li^t— pro- 
vided with  proper  means  of  conducting  discharges  to  earth,  doubtless  help  to 


prevent  many  flashes  over  cities.  In  general,  the  nearer  we  are  to  the  seat  of 
electrical  activity,  the  greater  our  danger.  The  risk  of  being  struck  by  light- 
ning Is,  therefore,  greater  on  mountains,  up  to  a  certain  height,  than  in  valleys 
and  on  lowlands.  The  **lfghtnlng  zone"  on  mountains  Is  at  about  the  level 
of  the  base  of  the  thunderstorm  clouds.  Above  and  below  It  there  Is  greater 
safety.  Its  altitude  varies  wltli  the  varying  conditions  of  thunderstorm  de- 
velopment. It  may  reach  up  to  the  summits  of  the  lower  elevations,  while 
Abe  higher  mountain  tops  may  rise  safely  above  It.    The  accompanying  figure 
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(fig.  14,  after  F.  6.  Pltimmer)  (9)  shows  diagrammatically  the  position  vt  thiti 
lightning  zone  In  a  mountainous  country. 

The  approved  modem  scientific  method  of  lightning  protection  consists,  essen- 
tially,  in  inclosing  the  building  in  a  metal  "cage"  or  wire  network,  well 
grounded.  Simple  rules  for  the  installation  of  lightning  conductors  may  be 
found  in  Government  and  other  publications  (10)  (11).  Prof.  J.  Warren  Smith, 
of  0>lnmbus,  Ohio,  has  recently  made  an  investigation  into  the  value  of  light- 
ning rods  in  protecting  buildings  in  the  United  States  (12).  His  conclusion, 
based  on  data  for  1912-13  from  about  180  mutual  fire  insurance  companies,  in  15 
States,  is  that  "the  efficiency  of  the  lightning  rods  in  preventing  lightning 
strokes  Is  90  per  cent**  Whether  it  is  worth  while  to  protect  a  particular 
building  depends  upon  its  location ;  the  question  of  fire  insurance ;  the  owner's 
fear  of  personal  injury  or  loss  of  life;  his  willingness  to  go  to  additional 
expense  for  more  safety ;  his  desire  to  save  his  property  from  possible  loss  by 
fire;  and  other  considerations.  Hundreds  of  fires  in  houses  and  other  build- 
ings are  started  every  year  by  lightning.  Nearly  all  of  these  fires,  and  a  con- 
siderable loss  of  human  life,  could  certainly  be  prevented  if  modern  methods 
of  lightning  protection  were  generally  employed.  In  addition  to  setting  fires, 
lightning  i>ften  seriously  interferes  with  our  electric  light,  telephone,  and 
trolley  services,  deprives  us  of  electric  power,  and  temporarily  interrupts  busi- 


*=  Greatest   hazard  from  liqhtninq  on  mountaind. 


Fio.  14.— UgbtniDg  MiM  In  mountainous  oonntry  (Plommcr). 

nesB.  Great  quantities  of  stored  oil,  and  of  oil  from  flowing  wells,  liave  been 
burned  as  a  result  of  fire  set  by  lightning. 

Our  vast  primeval  forests  were  fire-swept  long  before  the  careless  white 
camper,  or  lumberman,  or  hunter  left  his  smoldering  camp  fire  to  spread  over 
great  stretches  of  valuable  timberland — ^long  before  the  screaming  locomotive 
threw  out  its  showers  of  sparks  to  start  the  dreaded  forest  fire.  Lightning  was 
striking  then  as  it  strikes  now. 

Forest  fires  are  widespread,  and  of  frequent  occurrence  in  our  country. 
They  cause  great  loss  of  valuable  wood  supply.  They  occasionally  sweep  away 
houses,  and  even  villages,  and  cause  loss  of  life.  Sparks  from  locomotives, 
careless  campers,  and  other  more  or  less  avoidable  causes  start  many  of  these 
fires,  but  lightning  must  be  held  responsible  for  a  very  considerable  number. 
In  fact,  as  shown  by  an  inquiry  made  by  the  late  F.  Q.  Plummer  (9),  lightning 
ranks  second  only  to  locomotives  in  starting  forest  fires.  Such  fires  are 
thus  natural  results  of  our  thunderstorm  activity.  They  are  inevitable  and  un- 
avoidable In  their  Inception.  But  greater  watchfulness  will  prevent  many  of 
them  from  spreading.  Trees  are  often  struck  by  lightning.  They  are  natural 
conductors;  there  are  millions  of  them;  and  they  are  often  in  the  "lightning 
zone"  on  mountain  slopes.  Many  trees  in  our  national  forests  which  are  espe- 
cially exposed  to  lightning  show  evidence  of  having  been  struck  several  times. 
It  is  not  true,  as  this  and  other  facts  show,  that  "lightning  never  strikes  twice 
In  the  same  place.'*    Plummer  has  shown  that  forest  fires  may  result  from  the 
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Ignition  of  the  tree  ttselt  Imt  Bore  often  trotm  the  Ignttlon  oT  the  bamus  at  tbe 
Inuw  of  the  tree.  It  is,  however,  enooormgiBg  to  lemm  thst  probably  not  more 
than  2  per  cent  ol  tbe  trees  which  are  struck  are  aet  on  fire. 

The  danger  of  forest  flics  is  greatest  In  dry  ^eOs,  in  districts  of  infreqnent 
rains,  and  at  tines  when  tbe  tbnnderstorm  ita^  does  not  pat  o«t  its  own  fires 
by  a  tieavy  downpovr  of  rain.  In  Urn  Onlf  States,  attboogh  80,000  trees  are 
strode  annnally,  tbe  danger  from  fOrest  fires  is  cmnparatlTely  sUgbt,  because 
the  lightning  is  osvally  accompanied  by  heavy  ralnfaH.  Taking  tlie  Untted 
States  as  a  wliole,  tbe  most  trees  are  strode  by  lightning  in  a  district  indnding 
a  part  of  tbe  Colorado  plateaa,  western  New  Ifexioo,  eastern  Ariaona,  and 
southwestern  Utah.  Lightning  damage  is,  lM>wever,  not  oonfioed  to  bBildinBS 
and  treoR.    Oops  occastonti  lly  soifer  injury  from  lightning  disdiarges. 

TUUanCBSIOBM    FOBBCASIS. 

The  relations  of  thonderstonns  to  lumian  life  and  to  many  luunan  activitleB 
are  so  close  that  thunderstorm  forecasts  assume  a  high  degree  of  importance. 
The  weather  map  types  of  thunderstorm  occurrence  are  as  a  rule  wdl  defiiied. 
and  our  Weather  Bureau  offidals  are  remarkably  successful  in  their  forecasts. 
General  thunderstorm  conditions,  as  has  heea  seen,  progress  in  an  easterly  di- 
rection. Their  position  may  thus  be  fairly  accurately  forecasted,  in  the  same 
way  as  general  rains  are  forecasted. 

It  is  the  nature  of  our  large  thunderstorms  to  be  •*patchy"  and  irregular  in 
Intensity,  and  we  have  many  local  thundei:storms  whose  springing  up  In  specific 
localities  can  not  possibly  he  foretold.  Thus,  whereas  the  general  weather 
conditions  may  be  favorable  for  the  growth  of  local  thunderstorms,  and  the 
forecast  may  mention  local  shower:s  or  thunderstorms,  our  own  particular 
locality  may  receive  no  rain;  or  a  general  thunderstorm  may  move  across 
country,  but  we  ourselves  may  happen  to  be  outside  the  rain  area,  or  in  a  r^on 
where  the  rainfall  Is  very  light  Definite  mention  of  specific  localities  of  local 
thunderstorm  occurrence  should  not  be  expected. 

It  has  been  suggested  tliat  telephone  warnings  of  a  passing  thunderstorm 
may  be  sent  to  places  fartlier  east,  informing  th^n  of  the  coming  of  the  storm. 
Thus  farmers  might  have  time  to  save  their  hay,  and  the  public  might  he  pre- 
pared to  take  shelter.  This  scheme  was  tried  with  some  success  in  Michigan 
In  1892.  The  chief  difllculties  are  that  thunderstorms  move  rapidly ;  that  the 
warnings  must  be  sent  out  some  time  in  advance  of  the  storm,  and  that  many 
thunderstorms  do  not  survive  long.  When  several  observers  along  a  north  and 
soutli  line  all  report  the  passage  of  a  large  thunderstorm  at  about  the  same 
time,  telephone  warnings  may  be  sent  east,  over  the  probable  district  of  thunder- 
storm progression,  with  a  good  chance  of  being  useful  to  the  public.  Until, 
however,  such  a  telephone  warning  system  can  be  fully  and  systematically 
worked  out,  we  may  well  content  ourselves  with  the  regular  forecasts  Issued  by 
the  Weather  Bureau,  supplemented  by  our  own  local  observations.  An  intelli- 
gent observer,  even  without  Instruments,  can  often  amplify  and  perfect,  to  his 
own  advantage,  the  more  general  official  forecasts. 
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Mass.,  1893,  pp.  261-343.    Pis.  VII-X.     (See  below,  under  5.) 

(2)  W.  M.  Davis:  "Elementary  Meteorology."    8vo.    Boston,  1894.    Pig.  9a 
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Notes,  No.  XX.  Svo.  Washington,  D.  C,  1885.  COiarts  A«  B.  (A  special  study 
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(5)  W.  M.  Davis:  "Thunderstorms  in  New  England  in  the  Summer  of  1885.*' 
Proc.  Amer.  Acad.  Arts  and  Sd.  (Boston,  Mass.),  vol.  22,  July,  1886,  14-58. 
Figs.  1-a  (The  work  of  the  New  England  Mete<Nrologlcal  Society  in  1885-1887 
has  given  us  more  detailed  information  concerning  the  thunderstorms  of  New 
E^igland  than  we  have  for  any  other  part  of  the  United  States.  The  inves- 
tigation was  carried  out  with  assistance  from  the  U.  S.  Signal  Service,  and 
from  the  Bache  Fund  of  tbe  National  Academy  of  Sciences.  Between  800  and 
500  volunteer  observers  cooperated.) 

(6)  N.  B.  €V>nger :  **  Report  on  the  Forecasting  of  Thunderstorms  during  the 
Summer  of  1802."  U.  S.  Weather  Bureau,  Bulletin  No.  9,  8vo.  Washington, 
D.  Om  1888.  Indudes  papers  by  R.  De  C  Ward  for  New  England  and  (Hmrles 
M.  Strong  for  Ohia  (A  study  undertaken  by  the  Weather  Bureau  in  1892 
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nnbraced  in  this  investigation  extended  from  the  upper  Mississippi  east  to  the 
Atlantic  coast) 

(7)  W.  H.  Alexander:  "Distribution  of  Thunderstorms  in  the  United 
States."  Monthly  Wea.  Bev.,  vol.  48,  July,  1916»  t^.  822-840.  (With  charts 
showing  the  monthly  and  annual  numbers  of  thunderstorms  for  10  years, 
1904-1913,  inclusive.) 

(8)  A.  J.  Henry:  "  Loss  of  Life  in  the  United  States  by  Lightning."  U.  S. 
Weather  Bureau^  Bulletin  No.  80,  8vo.  W«6hington,  D.  C,  1901.  ("The  aim 
of  this  paper  is  to  furnish  accurate  information  as  to  the  destruction  of  human 
life  annually  by  Mghtalng;  to  point  out  the  regions  >irha«  the  greatest  loss  of 
life  occurs,  and,  so  far  as  practicable,  to  call  attention  to  a  few  simple  precau- 
tions against  danger  that  may  be  exercised  by  the  individual.**) 

(9)  F.  G.  Plumraer:  "Ltghtnlng  in  Relation  to  Forest  Fires."  U.  S.  Forest 
Service,  Bulletin  Na  111.  8vo.  Washington,  D.  C,  1912.  (This  pamphlet 
brings  together  "  all  existing  data  relating  to  li^tning  and  trees  and  arrives 
at  some  definite  conclusions  regarding  the  relative  frequency  with  which  trees 
are  struck,  the  conditions  which  tend  to  produce  the  greatest  dangnr,  and  the 
relative  susceptibility  of  different  forms  and  spedes.") 

(10)  A.  J.  Henry :  **  Lightning  and  Lightning  Conductors."  U.  S.  Department 
of  Agriculture,  Farmers' Bulletin  867.  8vo.  Washington,  D.  O.,  1912.  ("Con- 
tains information  respecting  the  phenomena  of  lightning  in  general,  and  sug- 
gests means  of  protecting  farm  buUdings  from  destructive  lightning  strokes.") 

(11)  A.  G.  McAdle  and  A.  J.  Henry:  "Lightning  and  the  ElectHcity  of  the 
Air."  U.  S.  Weather  Bureau,  Bulletin  No.  26.  8vo.  Washington,  D.  C,  1899. 
(In  two  parts.  The  first  deals  with  atmospheric  electricity  and  the  methods  of 
protecting  life  and  property.  The  second  gives  statistics  regarding  losses  of 
life  and  property  in  the  United  States.) 

(12)  J.  Warren  Smith:  "Lig^itning  and  Lightning  Conductors."  Proc.  and 
Papers  of  the  Nineteenth  Annual  Meeting  of  the  National  Assoc  at  Mutual 
Insurance  (Companies,  held  at  Columbus,  Ohio,  September  22-24, 1914,  pp.  28-42. 
(An  inquiry  into  the  actual  losses  from  fire  due  to  lightning  and  into  the 
efficacy  of  lightning  rods  in  protecting  buildings.  The  data  were  secured  at 
first  hand  from  fire  insurance  companies.) 
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Oilier  general  references. 

"  Bibliography  of  Meteorology.  A  Classed  Catalogue  of  the  Printed  Literature 
it  Meteorology  from  the  Origin  of  Printing  to  the  Close  of  1881 ;  with  a  Sup- 
plement to  the  Close  of  1889,  and  an  Author  Index.'*  Prepared  under  the 
direction  of  Brig.  Gen.  A.  W.  Greely,  Chief  Signal  Officer,  U.  S.  A.  Edited  by 
OUver  L.  Fassig.  4to.  Washington,  D.  C,  1891.  Pt  IV— Storma  Pp.  292-296 
on  Thunderstorms  and  Squalls  in  tlie  United  States. 

M.  W.  Harrington :  "  Rainfall  and  Snow  of  the  United  States,  compiled  to 
the  End  of  1891,  with  Annual,  Seasonal,  Monthly,  and  other  Charts.'*  U.  S. 
Weather  Bureau,  Bulletin  C,  Atlas  and  Text  Fol.  and  4to.  Washington*  D.  C* 
1894.  (Chart  XXIII  gives  details  of  occurrence  of  thunderstorms,  e.  g.,  aver^ 
age  annual  number,  months  of  maximum  number,  percentages  of  winter  thunder- 
storms, and  directions  of  thunderstorms  other  than  west    Text    Pp.  29-90.) 

A.  J.  Henry:  ''Climatology  of  the  United  States.**  U.  S.  Weather  Bureau,* 
Bulletin  Q.  4to.  Washington,  D.  C,  1906u  (The  largest  and  most  complete 
publication  on  the  subject  It  ''aims  to  present  in  form  for  ready  reference 
comparative  climatic  statistics  for  the  different  portions  of  the  United  States, 
accompanied  by  explanatory  charts  and  text*'  Pp.  75-76  on  thunderatorms. 
PL  XXVIII  gives  average  annual  number  of  thunderstorm  days  in  the  United 
States.) 

W.  J.  Humphreys :  "  The  Thunderstorm  and  its  Phenomena.**  Month.  Wea. 
Rev.,  voL  42,  June,  1914,  pp.  848-380.  (A  general  discussion  of  the  charac- 
teristics and  physics  of  thunderstorms,  with  iq;)ecial  reference  to  the  United 
States.    Includes  several  thunderatorm  weather  maps.) 

▲ODKNDA. 

The  following  publications  have  appeared  since  the  above  article  was  written, 
and  have  therefore  not  been  referred  to  in  the  text: 

"  Percentage  Frequency  of  Thunderatorms  in  the  United  States,  1904-191S.** 
Monthly  Wea.  Rev.,  voL  48,  Dec,  1915,  pp.  619-^20.  (This  is  a  summary  in 
percentages  and  by  months  of  the  data  used  by  W.  H.  Alexander  in  his  discus- 
sion of  the  distribution  of  thunderstorms  above  referred  to.) 

"  Weather  Forecasting  in  the  United  States."  By  a  board  composed  of  A.  J. 
Henry,  E.  H.  Bowie,  H.  J.  Ck>x,  and  H.  C.  Frankenfleld.  U.  S.  Weather  Bureau, 
No.  683.  Large  8vo.  Washington,  D.  C,  1910.  Pp.  870,  figs.  199.  Pages  274-278^ 
810-311,  on  thunderatorms.    Figs.  178-185,  thunderatorm  weather  type  maps. 

The  Chairman.  Prof.  Ward's  paper  is  now  before  you  for  dis- 
cussion. 

Mr.  Cox.  Mr.  Chairman,  I  should  like  to  ask  Prof.  Ward  whether 
he  actually  would  recommend  glass  for  protection  against  hail. 

Mr.  Ward.  Mr.  Chairman,  I  have  never  made  any  study  of  hail 
protection.  You  can  break  almost  anything  if  you  have  large  enough 
hail.    But  glass  will  stand  a  reasonable  amount  of  bombarding. 

Mr.  Cox.  I  should  like  to  add  a  word  of  commendation  for  this 
most  interesting  paper.  I  have  been  interested  in  this  sort  of  thing 
for  a  good  many  years,  and  I  have  never  seen  anything  so  graphi- 
cally illustrated  in  connection  with  thunderstorm  work.  It  is  really 
most  interesting  and  a  most  valuable  study. 
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Mr.  Abctowski.  I  should  like  to  direct  attention  to  the  fact  that 
very  detailed  studies  of  these  particular  phenomena  have  been  pub- 
lished in  the  annals  of  the  Central  Meteorological  Bureau  of  France. 

The  Chairman.  If  there  is  no  further  discussion,  we  will  now  be 
glad  to  listen  to  Prof.  Huntington's  paper  on  "  Solar  activity,  cy- 
clonic storms,  and  climatic  changes.'' 


SOLAR  ACnVITY,  CYCLONIC  STORMS.  AND  CLIMATIC  CHANGES 

By  ELLSWORTH  HUNTINGTON. 

No  meteorological  problem  is  more  important  than  the  discovery  of  the  cause^ 
of  the  variability  observed  in  the  earth*s  climate  from  year  to  year  and  decade 
to  decade.  The  search  for  this  cause  seems  to  be  leading  in  two  directions.  In 
the  first  place  it  is  leading  to  the  conclusion  that  many  previously  unrecog- 
nized factors,  such  as  the  presence  of  volcanic  dust  in  the  atmosphere  (1)  and 
the  cyclical  variation  in  the  amplitude  of  the  tides  and  hence  in  the  strength  of 
ocean  currents  (2)  may  be  producing  distinct  and  measureable  effects.  In  the 
second  place,  the  search  seems  to  indicate  that  the  causes  Just  named  account 
for-T>nly  a  minor  portion  of  our  climatic  phenomena,  and  that  we  must  look 
elsewhere.  Therefore  attention  is  being  concentrated  upon  the  sun  as  the  only 
competent  cause. 

On  aU  sides  it  lias  long  been  recognized  that  theoretically  the  weU-known 
variations  in  the  activity  of  the  sun  might  be  expected  to  be  reflected  in  varia- 
tions  in  terrestrial  climate.  Nevertheless,  the  solar  hypothesis  has  remained 
in  abeyance.  Its  failure  has  been  due  to  various  causes.  For  one  thing  its- 
advocates  as  weU  as  its  opponents  have  not  been  sufficiently  ready  to  consider 
that,  even  if  it  is  true,  its  application  must  be  modified  and  complicated  by 
factors  of  a  purely  terrestrial  nature,  such  as  volcanic  dust  In  the  second 
place,  the  hypothesis  has  until  recently  been  indefinite.  There  has  been  ai^ 
almost  complete  failure  to  show  the  mechanism  by  which  changes  in  solar 
radiation  are  supposed  to  give  rise  to  the  conditions  actually  observed.  Thi» 
leads  to  the  third  reason  why  the  solar  hypothesis  has  failed  to  gain  acceptance. 
Although  studies  of  specific  phenomena,  such  as  tropical  hurricanes  or  the  meao 
temperature  of  the  various  zones,  seem  to  show  an  unmistakable  connection 
between  solar  and  terrestrial  changes,  there  have  been  glaring  discrepancies. 
Different  parts  of  the  same  continent  have  been  found  to  vary  inversely  to  one 
another.  The  earth  is  warmer  than  normal  at  times  when  the  sun  is  cooler 
than  normal.  Still  another  reason  for  the  failure  of  the  solar  hypothesis  is  that 
students  have  in  many  cases  looked  for  a  direct  terrestrial  response  instead  of 
looking  for  an  indirect  response  through  modifications  in  the  circulation  of  the 
atmosphere. 

In  a  recent  paper  on  "  The  solar  hypothesis  of  climatic  changes  '*  (3)  the  present 
writer  has  advanced  an  hypothesis  which  seems  to  meet  these  objections.  The 
fundamental  idea  of  the  hyi)othesis  is  that  variations  of  terrestrial  weather  are 
due  primarily  to  changes  in  the  sun,  and  arise  through  alterations  in  the  vertical 
circulation  of  the  earth's  atmosphere.  These  alterations  may  be  due  to  other 
causes  as  weU  as  to  changes  in  temperature,  but  that  need  not  here  concern  us. 
The  following  pages  give  a  brief  r^sum^  of  the  chief  points  of  this  hypothesis, 
and  show  its  relation  to  certain  new  facts  and  conclusions  along  three  main 
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lines.  These  are  as  follows:  (1)  The  apparent  analogy  between  the  distribution 
of  storminess  in  North  America  and  Eorasla;  (2)  the  observed  b^iavior  of 
storm  tracks  daring  times  of  maximum  and  minimum  son-spots;  and  (3)  the 
evidence  as  to  a  period  of  unusual  storminess  in  the  fourteenth  century,  at 
which  time  conditions  appear  to  have  been  analogous  to  those  now  prevailing 
when  sunHspots  are  abundant 

The  cyclonic  form  of  the  solar  hypothewta  of  Himatic  chemge%. — The  form  of 
the  solar  hypothesis  to  be  discussed  in  this  paper  is  ''cyclonic**  in  distinction 
from  the  old  "caloric*'  form  which  was  avowedly  indefinite.  The  distinction 
is  important.  The  old  form  of  the  solar  hypothesis  held  that  variations  in 
terrestrial  weather  and  climate  arise  from  changes  in  solar  heat  which  are  sup- 
posed to  cause  corresponding  changes  in  the  temperature  at  the  earth's  sur- 
face. The  new  form  holds  that  in  both  bodies  changes  in  temperature  are  as 
often  a  result  as  a  cause.  The  activity  of  sun  spots  is  accompanied  by  varia- 
tions in  the  amount  of  heat  emitted,  but  these  do  not  appear  to  be  due  to  any 
appreciable  change  In  the  mean  temperature  of  the  sun  as  a  whole.  They 
appear  rather  to  be  due  to  the  welling  up  of  heated  gases  from  below  and  to 
the  settling  downward  of  cooled  gases  into  lower  layers  of  the  solar  atmosphere. 
On  the  earth  the  present  hypothesis  supposei  that  a  similar  displacement  of 
the  atmosphere,  chiefly  through  changes  in  the  number  and  intensity  of  cy- 
clonic storms,  is  sufficient  to  account  for  a  large  part  of  the  terrestrial  varia- 
tions of  climate  from  year  to  year  and  decade  to  decade.  The  steps  which  have 
led  to  this  hypothesis  are  briefly  stated  below,  but  the  reader  is  warned  that 
the  outline  here  given  is  fragmentary  and  should  be  filled  out  by  reference  to 
the  original  paper  (8). 

To  begin  with  temperature,  the  results  obtained  by  Newcomb  (4)  and  stih 
more  by  Kttppen  (5)  leave  little  doubt  that  In  yeans  when  the  sun*s  surface  is 
unusually  active,  as  indicated  by  maximum  sun-spots,  the  temperature  of  the 
«arth*s  surface  is  about  half  a  degree  centigrade  lowei  than  at  times  of  mint- 
mum  sun-spots.  The  work  of  Abbott  (6)  and  others  seem  to  prove  that  when 
sun-spots  are  at  a  maximum  the  sun's  thermal  radiation  is  from  1.6  to  S.6 
per  cent  higher  flian  usual.  The  apparently  contradictory  nature  of  these  two 
facts  seems  at  first  sight  to  be  one  of  the  greatest  obstacles  to  any  hypothesis 
connecting  terrestrial  climate  with  sun-spots. 

Other  investigations  seem  to  indicate  that  there  is  agreement  as  well  as  dis- 
agreement between  solar  and  terrestrial  variations  of  temperature.  See  (7) 
thinks  that  he  has  found  a  connection  between  the  vagaries  of  the  seasons 
and  the  condition  of  the  solar  prominences.  The  painstaking  investigations 
of  Arctowski  (8)  indicate  that  in  addition  to  the  larger  variations  of  terrestrial 
temperature  whose  phases  are  inverse  to  those  of  the  sun-spots,  there  are 
pleions,  or  waves  of  alternately  higher  and  lower  temperature  whose  period 
is  only  two  or  three  years.  These  occur  with  such  uniformity  in  all  parts 
of  the  world  that  they  can  scarcely  be  due  to  anything  except  some  external, 
widely  acting  cause,  capable  of  influencing  all  parts  of  the  earth  at  once.  The 
sun  appears  to  be  the  only  known  agent  competent  to  produce  the  observed 
results.  Arctowskl's  latest  Investigations  suggest  that  the  pleions  are  a  re- 
sponse to  some  of  the  less  easily  detected  solar  variations  which  manlfisst  them- 
selves as  faculffi.  It  should  be  carefully  noted,  however,  that  the  pleions  seem 
to  move  like  waves  across  broad  areas.  At  their  point  of  origin,  which  is 
apparently  in  regions  where  the  sun  at  the  season  in  question  happens  to  be 
exerting  the  greatest  influence,  they  appear  to  correspond  directly  with  solar 
variations,  but  as  the  waves  of  heat  move  outward  a  lag  of  a  few  months 
becomes  evident.     In  certain  regions  there  is  an  apparent  reversal,  and  the 
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time  of  maxltniiui  ieiui)ei*uture  nui^*  even  come  at  tiie  time  of  minimum  solar 
activity. 

It  must  be  clearly  underato«>d  that  Arctowski's  pleiouan  cycle  of  two  or  three 
ye&rs  Ib  distinct  from  the  sun-spot  cycle  of  11  years,  although  the  two  are 
intimately  related.  Thus,  so  far  as  temperature  is  concerned,  there  seem  to  be 
at  least  two  well-established  cycles.  The  greater,  or  sun-spot  cycle,  shows  a 
terrestrial  reversal  of  solar  conditions,  for  when  the  sun's  surface  Is  hot  the 
earth's  surface  is  cool.  This  is  true  when  the  earth  as  a  whole  is  taken  into 
<x>nsideration.  In  individual  localities,  however,  the  contrary  may  prevaiL 
The  other  or  smaller  cycle  seems  to  show  a  direct  response  to  solar  variations 
in  most  regions,  especially  within  the  Tropica,  but  elsewhere  It  may  show  a  lag, 
which  is  iu[)parently  due  to  the  wave-like  motion  which  Arctowski  has  well 
•demonstrated.  Occasionally  a  reversal  occiura,  due  apparently  to  still  another 
•cause.  For  our  present  purpose  the  essential  point  is  that  in  the  greater 
<^cle  a  relationship  of  some  sort  between  solar  and  terrestrial  changes  is 
•established  beyond  question,  while  in  the  other  the  probability  of  such  a  rela- 
tionship is  high. 

Either  as  cause  or  effect  barometric  conditions  are  intimately  connected  with 
all  changes  of  temperature,  as  well  as  with  winds  aad  other  climatic  phenomena. 
As  cyclonic  storms  are  the  most  striking  barometric  phenomena  they  are  par- 
ticularly worthy  of  study.  The  work  of  Poey,  Bieldrum,  and  Wolf,  as  summed 
up  by  Hann,  (9)  shows  that  in  tropical  latitudes  the  number  of  hurricanes  is 
almost  a  direct  function  of  the  number  of  sun-epots.  In  .temperate  latitudes 
also,  as  appears  from  a  large  body  of  evidence  gathered  by  Kullmer,  <10)  Bigelow, 
(11)  and  others,  the  number  and  location  of  storms  are  Intimately  related  to  the 
number  of  sun-s^tots.  In  Europe  the  data  have  not  yet  been  fully  worked  up, 
although  so  far  as  they  go  they  harmonize  with  the  conclusions  reached  in 
America.  In  North  America  the  excellent  and  easily  utilized  records  of  the 
United  States  Weather  Bureau  make  it  possible  to  determine  exactly  what 
has  happened  during  the  past  three  or  four  decades.  Kullmer's  investigations 
show  that  during  that  time  the  main  belt  of  storminess  has  shifted  northward 
a  degree  or  two  at  times  of  many  sun-spots  and  southward  when  the  spots  were 
few.  In  addition,  there  appears  to  be  another  tendency.  When  spots  are 
numerous  the  number  of  storms  in  our  Southwestern  States  and  along  an 
attenuated  belt  extending  eastward  to  Florida  and  widening  thence  to  the 
northward  along  the  Atlantic  coast  also  shows  an  increase.  Finally  Kullmer's 
data  show  that  so  far  as  records  are  available  the  absolute  amount  of  stormi- 
ness in  North  America  as  a  whole  appears  to  be  greater  at  times  of  many  sun- 
spots  than  at  times  of  few. 

A  third  type  of  terrestrial  variable — namely,  atmospheric  electricity  and 
magnetism — deserves  mention  in  connection  with  temperature  and  atmospheric 
pressure,  although  we  do  not  yet  know  how  important  these  may  be  in  their 
effect  on  climate.  It  has  long  been  known  that  no  condition  on  our  earth 
shows  a  more  direct  response  to  variations  in  the  sun  than  does  magnetism. 
The  most  noteworthy  fact  is  that  the  variability  of  the  magnetic  forces  is 
great  when  sun-spots  are  active,  and  slight  when  they  are  few.  This  is  evident 
whether  we  consider  the  variations  during  the  course  of  the  day,  month,  or 
^ear.  It  is  most  clearly  seen,  however,  in  the  daily  Inequality — ^that  Is,  in 
the  amounts  by  which  the  magnetic  forces  day  by  day  depart  from  what 
would  be  expected  on  the  basis  of  the  season  and  of  the  gradual  changes  of 
mean  intensity  which  are  constantly  in  progress.  Other  lines  of  evidence 
ahow  that  the  sun  is  an  electric  variable  whose  variability  is  at  a  maximum 
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when  the  sun-spots  are  most  namerons.  Knllmer  (12)  has  shown  some  reason 
for  thinking  that  the  paths  of  cyclonic  storms  may  have  an  intimate  con- 
nection with  the  earth*8  magnetism,  and  it  is  not  improbable  tliat  storms  and 
either  magnetism  or  atmospheric  electricity  are  intimately  connected.  This 
possibility  should  be  borne  in  mind.  Although  we  shall  not  consider  it  further^ 
it  is  well  to  ren^nber  that  if  atmospheric  electricity  and  storms  are  geneti- 
cally connected,  the  main  conclu8i<m  of  this  paper  as  to  the  Influence  of  the 
sun  upon  terrestrial  climate  will  be  materially  strengthened.' 

Without  entering  into  further  discussion  of  possible  causes,  let  us  briefly 
consider  the  effect  of  solar  yariations  upon  terrestrial  climate,  especially  upon 
temperature  and  storminess.  The  controlling  force  in  all  climatic  phenomena 
Is  generally  supposed  to  be  temperature.  If  the  amount  of  beat  received 
from  tlie  sun  were  to  duinge  appreciably  no  one  questions  that  the  earth's 
climate  would  be  influenced.  If  the  solar  lieat  should  be  reduced  to  zero  the 
presoit  distribution  of  areas  of  high  and  low  pressure  would  be  destroyed 
except  80  fto  as  it  consists  of  belts  dependent  solely  on  the  earth's  rotation. 
If  the  sun*s  heat  should  increase,  on  tlie  other  hand,  it  seems  only  reasonable 
to  suppose  that  the  intensity  of  tlie  barometric  gradients  would  also  increase. 
During  the  l<«g  polar  nights  the  regions  far  to  ttie  north  and  south  would 
receive  no  more  insolation  ttian  at  present,  wliile  equatcH-ial  regions  would  be 
even  warmer  than  now.  Thus  the  contrasts  in  temperature  would  be  increased, 
and  that  would  give  rise  to  greater  extremes  of  barometric  pressure,  stronger 
winds,  stronger  ocean  currents,  more  violent  storms,  and  heavier  rainfall  at 
least  in  cert2ain  regions.  All  these  phenomena  would  be  the  apparently  inevi- 
table result  of  the  tendency  of  the  atmosphere  to  seek  a  state  of  equilibrium 
whenever  its  temperature  is  disturbed  by  some  external  agency. 

Attempts  have  been  made,  to  be  sure,  to  show  that  an  increase  is  solar  heat 
would  cause  such  great  evaporation  and  consequent  cloudiness  that  the  sun's 
rays  would  be  prevented  from  reaching  certain  large  portions  of  the  earth's 
surface  which  would,  therefore,  be  marked  by  a  decline  of  temperature  in  spite 
of  the  increase  elsewhere.  This  hypothesis,  however,  has  failed  to  find  sup- 
port, although  there  is  probably  a  certain  element  of  truth  in  parts  of  it  Its 
chief  weakness  is  that  according  to  it  times  of  many  sun-spots  and  corre- 
spondingly great  emission  of  solar  energy  ought  to  be  times  of  increased  warmth 
in  the  subtropical  zone  where  the  sun  shines  most  of  the  time,  even  though 
the  cloudy  belts  on  either  side  might  be  cool.  Yet  K5ppen's  figures  (5)  show  a 
diminution  of  temperature  at  sun-spot  maxima  in  all  parts  of  the  world  except 
perhaps  the  poles. 

This  brings  us  to  an  important  consideration  which  seems  to  have  been 
largely  overlooked.  The  movements  of  the  air,  as  every^  one  knows,  are  not 
only  horizontal  but  vertical,  but  there  seems  to  have  been  relatively  little  dis- 
cussion of  the  effect  which  changes  in  solar  radiation  must  produce  upon  the 
vertical  movements.  Such  movements  are  largely  cyclonic  in  nature,  varying 
in  size  from  the  little  dust  whirls  of  dry,  hot  weather  through  thunderstorms  to 

1  In  the  year  which  hai  elapwd  between  the  writing  of  this  paragraph  in  October,  1015, 
and  its  revision  for  the  press  in  1910,  I  have  carried  on  a  series  of  comiMirisons  between 
daily  changes  in  the  son  and  daily  barometric  gradients.  The  results  suggest  that  there  is 
probably  an  Intimate  connection  between  changes  in  snn-spots  and  the  steepness  of  ban>- 
metric  gradients.  The  effect  l>ecomes  more  apparent  the  wider  the  terrestrial  area  whose 
gradients  are  studied.  The  response  of  the  earth  to  the  gun  appears  in  less  than  24 
hours,  and  is  so  prompt  and  so  pronounced  that  it  can  scarcely  be  due  to  heat.  In  this 
and  other  respects  it  agrees  with  what  would  be  expected  from  an  electrical  phenomenon. 
A  summary  of  the  luTestigation  here  mentioned  will  be  published  shortly. 
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the  great  disturbances  of  hurricanes  and  of  the  ordinary  storms  of  the  Tem- 
perate Zone.  I^et  us  see  how  far  the  observed  facts  as  to  such  cyclonic  move- 
ments agree  with  what  would  be  expected  on  the  basis  of  the  ordinary  hypothe- 
sis of  thermal  activity.  To  begin  with  tropical  thunderstorms  and  showers, 
the  relation  of  these  to  sun  spots,  so  far  as  the  author  is  aware,  has  not  been 
investigated  by  the  method  of  making  maps  of  the  departures  Arom  the  nor* 
mal  at  different  stages  of  the  solar  cycle — the  method  which  has  given  such 
convincing  results  along  other  lines  at  the  hands  of  Arctowski,  Hildebrandsson, 
Kullmer,  and  others.  There  are  indicbtions,  however,  that  the  average  rainfall 
of  the  Torrid  Zone  as  a  whole  is  greater  at  times  of  many  spots  than  of  few  (13). 
Judging  from  regions  that  have  been  more  minutely  investigated  it  is  probable 
that  different  parts  of  the  zone  may  respond  differently,  as  is  clearly  the  case  in 
Che  Temperate  Zone.  This  would  not  affect  the  general  conclusion  that  the  total 
amount  of  convective  activity  which  gives  rise  to  equatorial  showers  varies  in 
harmony  with  the  sun-spots.  Increased  insolation  apparently  causes  a  heating 
of  the  lower  layers  of  the  atmosphere  and  this  In  turn  causes  more  rapid  up- 
ward movements  such  as  occur  in  tropical  thundershowers. 

A  single  tropical  hurricane  or  one  of  the  widespreading  cyclonic  Btcmm  of 
the  Temperate  Zone  carries  upward  far  more  air  than  do  scores  or  hundreds 
of  thunderstorms.  Since  without  the  sun  there  would  be  none  of  the  present 
irregular  areas  of  permanent  high  and  low  pressure,  it  seems  only  logical 
to  suppose  that  an  increase  in  solar  activity  would  strengthen  these  areas 
and  perhaps  cause  them  to  shift  somewhat  in  position.  If  this  happens 
there  should  be  a  greater  degree  of  total  storminess  and  also  some  shifting 
of  the  storm  tracks.  Moreover,  if  the  sun's  heat  is  greater  than  usual  there 
should  be  an  exaggeration  of  local  differences.  The  temperature  of  a  region 
in  the  full  glare  of  the  unclouded  sun  would  differ  from  that  of  a  clouded 
area  more  than  at  times  when  the  sun  gives  out  less  heat  Therefore  we 
should  expect  not  only  (I)  an  increase  in  total  storminess  as  measured  by 
the  strength  of  the  average  storm,  and  (II)  a  shifting  of  the  tracks  to  accom- 
modate the  changed  areas  of  permanent  highs  and  lows,  but  (III)  an  increase 
In  the  number  of  storms  arising  out  of  local  perturbations  of  the  atmosphere. 

This  result,  as  is  fully  explained  in  the  paper  already  referred  to,  (8)  is  exactly 
what  we  find.  Tropical  hurricanes  Increase  in  number  when  the  sun*s  radi- 
ation increases  at  times  of  maximum  sun-spots.  At  the  same  time  there  is 
a  shifting  of  the  tracks  of  cyclonic  storms  in  temperature  regions,  as  Bigelow  (11 ) 
and  Kullmer(lO)  have  shown.  Finally,  there  appears  also  to  be  an  absolute 
increase  in  storminess,  or  at  least  this  has  been  the  case  in  the  United  States 
since  the  data  began  to  be  collected  on  a  sufficiently  large  scale  to  be  con- 
vincing. 

This  brings  us  to  the  critical  point  If  it  be  true  that  the  cyclonic  activity 
and  upward  movement  of  the  air  thus  increase  at  times  of  many  sun-spots, 
heat  must  be  carried  away  from  the  earth's  surface.  The  air  that  rises  in 
the  center  of  tropical  thunderstorms  or  hurricanes  is  always  warm.  That 
which  rises  in  the  cyclonic  storms  of  temperate  latitudes  may  not  always  be 
so  warm  as  that  of  equatorial  latitudes,  but  it  comes  in  general  from  the 
equatorward  side  of  the  storm  and  is  almost  invariably  warmer  than  the 
normal  for  the  given  season  and  latitude.  Therefore  the  effect  of  an  increase 
in  cyclonic  activity  would  be  to  decrease  the  surface  temperature  consider^ 
ahly  in  tropical  regions,  less  in  middle  latitudes,  and  possibly  not  at  all  near 
the  poles.  That  a  diminution  of  beat  actually  occurs  at  times  of  many  sun- 
spots  in  a  fashion  harmonious  with  our  hypothesis  has  been  proved  t>eyond 
reasonable  doubt  by  the  painstaking  work  of  Newcomb  and  KOppen.    This, 
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then.  Is  the  basis  of  the  cyclonic  form  of  the  solar  hypothesis  of  dimatic 
variations. 

The  chief  obJfHiion  to  this  hypothesis  Is  that  we  do  not  yet  know  whethCT  tho 
increased  activity  of  the  atmosphere  at  times  of  sun-spot  maxima  is  gntllcieni. 
to  produce  the  observed  effects  upon  temperature.  As  to  the  reMllty  of  the 
increased  activity  Arctowski  (14)  says  that  there  can  he  no  more  doubt  than  as 
to  the  relation  between  sun-spots  and  temperature  as  worked  out  by  Newcomb, 
Kcippen,  and  others.  As  to  its  sufficiency  ^o  produce  the  observed  results,  how- 
ever, we  must  wnft  for  further  investigation.  One  of  the  best  tests  will  be  a 
snidy  of  the  upper  layers  of  the  atmosphere.  If  our  hypothesis  is  true,  we 
should  escpect  the  isothermal  layer  to  rise  at  times  of  many  sun-spots  and  to 
descend  when  the  diminished  activity  of  the  sun  causes  a  corresponding  diminu- 
tion in  the  upward  movement  of  the  air.  It  is  quite  possible,  and  according  to 
our  hyp(»rhesis  highly  probable,  that  In  equatorial  regions  the  air  at  an  alti- 
tude of  several  thousand  meters  may  be  warmer  at  sun-spot  maxima  than  at 
minima,  thus  reversing  the  conditions  at  the  earth's  surface.  It  Is  even  pos- 
sible that  when  the  total  body  of  air  is  considered  the  temperature  may  cor- 
respond with  the  Intensity  of  solar  radiation,  and  vary  in  a  way  quite  different 
from  that  ob8er\'ed  at  the  8urfa<*e.  It  must  be  remembered,  however,  that  whei^ 
warm  air  is  carried  upward  it  stays  there  a  long  time.  It  has  an  <^portunity 
to  nidtate  its  heat  Into  space  more  rapidly  than  would  be  i;)OBsible  if  it  remained 
near  the  surface.  Thus  increased  radiation  from  the  upper  air  may  largely 
neutralize  the  eftects  of  more  rapid  convection.  Hence  the  differences  to  be 
expected  in  the  location  of  the  isothermal  layer  need  not  necessarily  be  great 

Another  way  in  which  the  cyclonic  form  of  the  solar  hypothesis  may  he  tested 
was  well  Illustrated  at  the  meeting  of  the  Pan  American  Congress  where  this 
iwiper  was  presented.  Arctowski,  In  his  contribution  printed  in  this  volume, 
shows  that  the  year  1911  was  peculiar.  In  most  parts  of  the  world  there  was 
a  general  pleionian  rise  In  temi)erature  corresponding  to  an  increase  in  tlie 
>u:tivity  of  solar  faculae.  The  center  of  the  United  States,  however,  showed  a 
distinct  reversal,  for  although  the  surrounding  areas  were  characterized  by 
a  temperature  above  the  normal,  our  Central  States  fell  below  the  normal.  In 
explanation  of  this  anomaly  Knllmer  showed  his  map  of  storminess  in  the 
I'nited  States  for  1911,  a  mar  which  unfortunately  has  not  yet  been  published 
A  comparison  of  this  map  with  the  average  map  for  30  years  and  with  indi- 
vidual maps  of  other  years  shows  that  1911  was  characterized  by  a  peculiar 
concentnitlon  of  storminess  in  the  north  central  part  of  the  United  States. 
Around  the  borders  of  the  country  and  in  southern  Canada  there  were  fewer 
>tornis  than  usiml,  hut  in  the  phice  where  Arctowski  found  a  deflcieucy  of  tem- 
perature Kullmer  found  a  marked  increase  of  storminess.  A  part  of  the  de- 
ficiency may  have  been  due  to  increased  cloudiness,  but  this  would  In  part  be 
balanced  by  IntTease*!  heat  liberated  by  condensation.  The  greatly  Increased 
storminess,  however,  Jimst  have  been  accompanied  by  Increased  convective 
activity,  and  this  must  have  <-arried  unusually  large  amounts  of  warm  air  to 
high  4evel8.  On  this  basis  a  lowering  of  the  surface  temperature  is  to  be  ex- 
pected, for  the  air  that  replaces  the  warm  air  In  the  storm  centers  Is  gen- 
erally cold  air  from  northerly  quarters.  Therefore,  it  seems  hard  to  avoid 
the  conclusion  Hiat  the  diminution  of  temperature  in  1911  in  the  central 
rnited  States  was  due  in  part  at  least  to  increased  cyclonic  activity.  In  other 
words  we  seem  to  have  here  on  a  small  and  easily  measurable  scale  the  same 
phenomena  which  the  cyclonic  hypothesis  supposes  to  be  characteristic  of  the 
earth  as  a  whole.  Of  course,  a  single  coincidence  of  this  sort  does  not  provi^ 
the  point  but  it  suggests  interesting  lines  for  future  investigation. 
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THE   DISTRIBUTION    OF   STOBMINB8B    IN    NORTH    AMERICA    AND  EURABIA. 

Let  US  now  turn  from  tlie  cyclonic  hypothesis  to  certain  related  matters 
which  have  a  direct  bearing  on  the  final  solution  of  the  problem  of  climatic 
variations.  The  first  of  these  concerns  what  I  have  called  the  double  storm 
belt  (15).  The  reality  of  the  northern  or  boreal  belt  is  not  open  to  queotioiL 
The  southern  or  subtropical  belt,  however,  is  by  no  means  so  evident  Figure 
1  shows  the  general  conditions  of  storminess  in  the  United  States  for  the  80 
years  from  1888  to  1912.  The  numbers  and  the  shading  with  lines— disregard- 
ing the  dots— indicate  the  average  number  of  storm  centers  passing  yearly 
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over  areas  measuring  2i*  north  and  sontb  and  5*  east  and  west,  according  to 
Kullmer.  The  main  feature  of  the  map  is  a  belt  of  great  stormlness,  more 
than  20  storm  centers  per  year,  extending  from  western  Alberta  through  Mani- 
toba to  the  Great  Lakes,  and  thence  down  the  St  Lawrence  toward  New- 
foundland. The  belt  has  two  peaks,  so  to  speak.  The  western  peak  lies  in 
southern  Saskatchewan  and  Manitoba,  where  the  number  29.5  is  flanked  to  the 
^ast  by  26.8  and  26.4  and  to  the  west  by  26.7  and  25.8.  The  eastern  and  more 
important  peak  lies  in  Ontario  north  of  Lake  Erie,  where  the  number  85  is 
flanked  by  several  above  80.  The  greater  intensity  of  storminess  in  the  east 
than  in  the  west  is  apparently  due  in  part  to  the  barrier  of  the  Rodcy  Moun- 
tains, and  in  part  to  the  fact  that  the  Atlanic  area  of  permanait  low  pressure 
la  more  important  than  the  corresponding  area  in  the  Pacific 


#10.  2.— storm  tneks  In  Europe.    ATenge  nnmbw  of  storm  ecoters  oronlng  areti  3)*  in  latltad« 
and  6*  In  loogitade  mch  year  during  the  slzteeo  years  from  1870  to  IWl.    (After  KoUuMr.) 

The  second  notable  feature  of  the  distribution  of  storminess  is  the  contrast 
between  the  rapid  decline  in  the  number  of  storms  northward  and  the  slow 
decline  southward.*  Part  of  the  northward  decrease  is  due  to  the  scarcity  of 
observations,  but  much  is  real.  Southward  the  declihe  is  not  regular,  but  is 
interrupted  by  two  projections  which  may  be  compared  with  the  spurs  of  a 
mountain  range.  The  western  and  more  important  spur  projects  into  Colorado, 
where  it  rises  to  a  genuine  peak,  for  the  number  22.8  in  the  eastern  part  of  the 
State  is  entirely  surrounded  by  smaller  numbers.  Part  of  the  apparently  great 
storminess  in  this  region  is  due  to  the  fact  that  the  paths  of  the  storms  are 
here  apt  to  be  unusually  curved.  This,  however,  does  not  alter  the  fact  that  for 
some  reason,  connected  perhaps  with  the  shape  of  the  continent  or  the  location 
of  the  mountains,  the  Great  Plains  of  eastern  Colorado  and  Kansas  are  more 
stormy  than  would  be  expected.  The  less  important  spur  along  the  Atlantic 
coast  is  partly  due  to  the  fact  that  the  Appalachian  Mountains  form  a  barrier 
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and  divert  aome  of  the  storms  from  the  west,  so  that  they  move  northeastward 
along  its  inner  edge.  Of  greater  importance  is  tlie  fact  that  many  storms, 
Including  some  that  originate  as  tropical  hurricanes,  pass  up  the  Atlantic 
coast  without  encroaching  far  on  the  land. 

In  figure  1  It  will  be  noticed  that  two  areas  shaded  with  dots  are  associated 
with  the  two  spurs.  The  dotted  shading  indicates  the  regions  where,  as  one 
passes  from  north  to  south,  the  regular  decline  in  storminess  either  gives  place 
to  an  actual  increase  or,  at  least,  ceases  to  proceed  as  rapidly  as  usuaL  If  a 
profile  of  the  storminess  be  drawn  along  a  north  and  south  line,  the  dotted  areas 
are  places  ^here  the  profile  either  shows  an  actual  subsidiary  maximum,  or 
else  a  pronounced  shoulder.  Such  a  series  of  profiles  at  intervals  of  10*  of 
longitude  has  been  published  elsewhere.  It  shows,  for  instance,  that  there  is  a 
pronounced  maximum  between  latitudes  471*  &ikI  60*  along  the  axial  line  of 
the  main  storm  belt  Then,  there  is  a  decline  southward — ^that  is,  toward  the 
right  in  the  diagram — but  between  latitudes  421*  ond  40*  this  decline  ceases. 
The  profile  shows  a  shoulder  at  this  point,  and  accordingly  the  map  of 
figure  1  has  been  shaded  with  dots.  In  the  next  diagram  the  second  line  has  a 
shoulder  at  latitude  821*  to  85*,  and  the  corresponding  part  of  the  map  is 
shaded.  Farther  west  there  is  not  merely  a  secondary  shoulder  but  an  actual 
peak,  as  we  have  already  seen,  and  as  is  plainly  evident  in  the  digrams  for 
longitudes  100*  to  105*  and  110*  to  115*. 

Turning  now  to  Eurasia,  we  find  that  when  proper  allowance  is  made  for 
the  different  size  and  topography  of  the  continoit  the  distribution  of  storms 
is  essentially  the  same  as  in  North  America.  Figure  2  is  Kullmer's  map  of 
storms  in  Europe,  based  on  the  years  1876  to  1891,  for  which  alone  the  storm 
tracks  have  been  plotted.  Further  plotting  of  the  later  tracks,  a  task  which 
is  greatly  needed,  would  doubtless  modify  this  map  somewhat,  but  the  main 
outlines  would  probably  be  changed  only  a  little.  Notice  the  two  main  stormy 
areas,  where  the  number  of  storm  centers  rises  above  20.  Much  the  larger 
•one  embraces  England,  the  North  and  Baltic  Seas,  and  Scandinavia,  together 
with  northern  Germany.  It  seems  to  correspond  with  the  area  of  high  stormi- 
ness in  western  Canada.  The  absence  of  lofty  mountains,  like  the  Rockies, 
and  the  proximity  of  the  great  Atlantic  area  of  low  pressure  cause  the  European 
storm  area  to  lie  closer  to  the  ocean  and  farther  north  than  the  American, 
but  the  general  relation  of  each  to  its  continent  seems  similar.  The  smaller 
storm  area  in  north  Italy  seems  to  correspond  equally  well  with  the  American 
area  centering  in  Colorado.  The  resemblance  becomes  particularly  striking  if 
the  dotted  American  area  is  compared  with  the  corresponding  European  area 
<letermined  on  the  same  basis  of  a  southward  increase  in  storminess.  Just 
as  the  American  area  extends  from  San  Francisco  to  Chicago  in  a  curve  which 
Is  concave  toward  the  north,  so  the  European  area  ext^ids  from  northwestern 
Spain  through  the  Alps  to  the  north  end  of  the  Caspian  Sea. 

Turning  to  the  eastern  side  of  Eurasia,  as  illustrated  in  figure  3,  we  do  not 
find  a  stormy  area  corresponding  to  that  of  eastern  Canada.  This  is  due  to 
the  large  size  of  Asia  and  to  the  great  strength  of  the  barometric  centers, 
which  repel  or  deflect  the  storms  both  in  summer  and  winter.  The  map  before 
us,  however,  is  very  imperfect  It  is  based  on  Dunwoody's  data  (16).  whose 
Asiatic  portion  was  of  necessity  scanty.  Perhaps  when  further  facts  are 
available  we  may  find  that  northeastern  Asia  is  the  seat  of  a  real,  though  un- 
important storm  center.  Along  the  coast  however,  Japan  presents  a  genuine 
and  unmistakable  center.  It  corresponds  closely  with  the  Atlantic  spur  in 
the  United  States,  and  the  correspondence  pertains  not  only  to  the  general  con- 
tinental location  of  the  two  stormy  areas,  but  to  their  shape.  Notice  how  the 
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dotted  area  In  flgnre  1  ezteDds  northeastward  along  the  Atlantic  coaat  har- 
montoQBly  with  the  northeaatward  doogation  of  the  Japaneae  area  In  flfore  4 
along  the  Pacific 


Tio.  8.— StonnlncM  «id  ttomi  tneln.   gtonnlMM  tn  four  gfdm  No 
11-90  ctoUra,  and  ov«ao.   Solid  lliMftrtc«ot«n  of  itormbtlti;  dotted 
etntortol  bolts. 


l-lOonUffporyov, 
llMihypoUiotteli 


Taking  the  Northern  Hemiaphere  as  a  whole,  it  seems  as  if  the  storms  were 
inrimarily  concentrated  in  a  single  great  bdt,  which  is  int^mpted  by  conti- 
nents and  monntains,  but  is  on  the  whole  continnoos.  This,  of  conrse.  is  a 
fiict  universally  recognized.  I  would  add  to  it  a  suggestion  of  another  sort 
The  two  q>urs  of  storminess  in  the  United  States  and  the  two  isolated  areas 
in  Italy  and  Japan  suggest  that  possibly  there  is  also  a  more  southerly  b^t 
At  present  it  is  not  continuous.  Its  storms  are  usually  drawn  into  the  main 
belt  Yet  a  certain  number  of  American  storms  follow  it  in  their  whole  course 
across  the  continent  In  Europe  also  a  certain  number  of  Mediterranean  storms 
seem  to  escape  the  attraction  of  the  main  storm  belt,  and  continue  across  Syria 
to  northern  India.  This  at  least  is  the  conclusion  drawn  by  Walker  (17)  from 
a  study  of  the  relation  of  the  winter  rainfall  of  northern  India  to  that  of 
Persia,  Mesopotamia,  Syria,  and  the  Mediterranean  regions  as  far  west  as 
Malta.  Walker  gives  the  following  correlation  coefficients  between  the  rainfall 
of  December  to  March  in  northwestern  India  and  November  to  Biarch  in  tho 
places  farther  west  The  second  set  of  figures  gives  the  coefficients  when  snow 
as  wdl  as  rain  is  considered : 

Bushire  (20  years) +0. 30  -HX  28 

Teheran  (18  years) +  .21  -h  .82 

iQMihan  (20  years) +  .10  -h  .18 

Bagdad  (19  years) -f  .22  +  .12 
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Over  all  these  places  the  storms  that  finally  reach  northwestern  India  are 
known  to  pass  in  winter.  Farther  west,  beyond  the  Syrian  Desert  in  which  no 
meteorological  records  are  available,  the  correlation  coefficients  with  northern 
India  in  winter  are  as  follows : 

Beirut  (84  years) . +0. 27    +0. 44 

Smyrna  (15  years) -f-  .48    +  .47 

Malta  (27  years) +  .27    +  .28 

It  will  be  noticed  that  not  only  are  these  all  pins,  like  the  others,  thus  indi- 
cating an  agreement,  but  they  are  larger  than  the  others,  which  indicates  that 
the  rainfall  of  the  eastern  Mediterranean  agrees  with  that  of  northern  India 
more  closely  than  does  that  of  Persia.  Two  places  in  southern  Palestine  give 
the  following  coefficients  for  rain  and  snow  together,  but  they  are  based  on 
records  of  too  short  duration  to  be  of  much  significance : 

Bl  Anthroun  (near  Jaffa)  (8  years) +0.10 

Hebron  (14  years) —  .02 


Vio.  4.— Avenc»  storminan  of  BiM  yewioffUD^potmiximaoampandwitiitwahreyMnoftim- 
ipot  minima  betwMo  1877  and  1013.  The  mlmu  sign  indicates  tbat  the  number  of  storms  was 
leas  at  times  of  ran-spot  maxima  than  at  times  of  sun-epot  minfnwt 

Hebron,  in  the  very  southern  part  of  Palestine,  appears  to  be  the  only  one 
of  these  stations  which  lies  outside  the  zone  wherein  the  storminess  of  Malta 
passes  eastward  to  northern  India. 

In  further  proof  of  his  thesis  Walker  states  that  "  a  striking  example  of  the 
continuity  of  the  winter  conditions  of  southeastern  Europe  and  northwestern 
India  was  afforded  in  1883  which  equals  1907a8tho  severest  winter  on  record  in 
northwestern  India.  The  snowfall  of  Afghanistan  and  the  western  Himalayas 
was  the  heaviest  known,  and  there  was  a  general  fall  of  snow  in  the  plains  of 
Rawal  Pindi  and  the  Hazara  districts.  The  month  of  January  was  the  wettest 
since  1869  in  Malta  and  was  extraordinarily  severe  in  Austria,  southeastern 
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Europe  and  Russia;  while  oo  the  2d  of  February  there  was  a  snowfall  that 
lovered  the  Nefud  (in  central  Arabia)  with  snow  to  a  dei»th  of  several  inches.** 

Walker*s  final  conclusion  is  that  seven  out  of  every  ten  disturbances  whidi 
aifect  northwestern  India  from  December  to  April  come  from  southern  Europe. 
In  dry  years  the  disturbances  take  a  more  northerly  course. 

The  significance  of  this  conclusion  lies  in  the  ftict  that  it  indicates  that  io 
Kurasia,  as  in  North  America,  there  is  a  tendency  at  certain  times  toward  the 
development  of  a  connection  between  the  subsidiary  storm  centers  in  the 
southern  parts  of  the  continents.  In  America  the  topography  permits  a  com- 
plete connection.  In  Eurasia,  the  size  of  the  continent  as  well  as  the  lofty 
Himalayas  and  the  Burmese  Mountains  prevent  this,  but  if  the  storms  whidi 
pass  from  the  Mediterranean  to  northern  India  were  intense  enough,  it  seems 
highly  iH*obable  that  they  would  keep  on  eastward  until  they  merged  with 
the  Japanese  storm  center. 

THK  BEBiLVlOm  OP  8T0BM  TBACKS  DUBIlfG  SUN-SPOT  MAXIMA  AND  MINIMA 

The  next  point  for  consideration  is  the  location  of  storms  at  times  of  maxi- 
mum versus  minimum  sun-spots.  This  is  IDustrated  by  the  beavy  dotted  and 
dash  lines  in  figure  1.  These  indicate  the  crests  or  central  lines  of  the  main 
storm  belt  and  of  the  subsidiary  southern  ridges  or  eq^mrs.  The  dotted  lines 
show  the  position  at  times  of  sun-spot  minima  and  the  dash  lines  at  maxima. 
They  are  based  on  the  study  of  profiles  such  as  were  described  above. 
From  each  profile  the  location  of  the  crests  or  shoulders  in  each  longi- 
tude has  been  inserted  on  the  map  and  the  corresponding  points  have  been  con- 
nected. Thus  in  figure  1  the  heavy  dotted  lines  represent  the  location  of  the 
crests  of  the  northern  or  boreal  storm  belt  and  of  the  southern  or  subtropical 
belt  at  times  of  minimum  sun-C9)oti,  while  the  heavy  dash  lines  indicate  the  loca- 
tion of  the  crests  at  times  of  maximum  spots.  The  exact  distance  by  whic^ 
the  dotted  and  dash  lines  should  be  separated  can  not  be  determined  in  many 
cases,  for  it  is  less  than  2i^,  which  is  the  unit  of  measure.  There  is  no  question, 
however,  as  to  the  relative  position.  Except  where  the  two  lines  practically 
coalesce,  there  is  a  distinct  and  unmistakable  difference  between  the  positions 
of  the  crest  lines  at  times  of  maximum  and  minimum  spots.  This  difference 
indicates  that  at  times  of  sunnspot  minima  the  storms  tend  to  move  in  paths 
lying  relatively  toward  the  interior  of  the  country,  while  at  solar  maxima  the 
storms  are  pushed  outward  on  all  sides,  as  if  by  an  area  of  high  pressure  in 
the  Central  States.  Furthermore,  it  is  noticeable  that  at  times  of  solar 
iiiaxiiua  the  subtropical  belt  of  storms  not  only  tends  to  increase  in  intensity, 
as  has  been  shown  elsewhere,  (3)  but  to  become  more  nearly  continuous  and  to 
assume  a  slightly  double  form  in  the  arid  regions  of  the  American  southwest. 

The  tendency  for  storminess  to  decrease  in  the  central  United  States  and  In- 
crease in  the  peripheral  regions  at  times  of  sun-spot  maxima  is  illustrated  in 
another  way  in  figures  4  and  5.  There  the  storminess  of  the  United  States  and 
southern  Canada  at  times  of  many  sun-spots  is  compared  with  the  storminess  at 
times  of  few  spots.  The  heavy  shading  in  fi^^ure  5  indicates  that  more  storms 
pass  at  sun-spot  maxima  than  at  minima  and  the  light  shading  the  reverse.  The 
meaning  of  the  map  is  clear.  At  times  of  many  spots  a  band  of  increased  storm- 
iness extends  across  southern  Canada,  while  another  extends  across  our  south- 
western States  to  the  Gulf  of  Mexico,  where  it  is  almost  broken  in  two,  and  then 
out  into  the  Atlantic  Ocean,  where  it  again  becomes  more  intense.  In  general 
the'  increase  of  rainfall  occurs  beyond  the  dash  lines  which  in  figure  1  show 
the  centers  or  crests  of  the  stormy  areas  at  sun-spot  maxima.  Inside  those 
lines— that  Is,  toward  the  continental  interior  of  the  United  States— there  is  a 
decrease  of  storms. 
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Fio.  5.— StormlMM  In  North  Anurioa  at  sun-cpot  mftxima  and  minima.  Heavy  shading  indicates 
greater  stonnincM  at  son-spot  maxima  in  grades  of  34%.  Light  shading  Indicates  the  reverse  in 
grades  of  13%. 


Fio.  6.-  Rainfall  of  Kurope  at  sun-spot  maxima  and  minima.    Heavy  shading  Indioatee  more  rain- 
fall at  sun-spot  maxima,  and  light  the  reverse. 


Id  Europe  we  cau  not  yet  preiwre  a  satisfactory  map  of  storminess  like  figure 
5  for  North  America,  but  we  can  construct  an  approximate  map  of  rainfall, 
figure  0.  The  method  of  preparing  this  map  Is  like  that  of  figure  5,  except  that 
rainfall  Instead  of  storms  is  used.  During  the  period  for  which  records  are 
available,  which  is  QO  years  where  He]lman*8  data  have  been  used  and  some- 
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what  less  where  the  data  of  the  RiUKian  Meteorological  Service  have  been  em- 
ployed, the  three  years  of  maTimnm  si^tu  in  eadi  cycle  and  the  three  of  mini- 
mum are  taken.  Then  the  annual  average  for  all  the  maximum  and  minimum 
years,  respectively,  is  found*  and  the  two  are  compared  in  percentages  of  the 
normal  rainfall.  For  instance,  the  figure  —6  at  Paris  means  that  the  average 
rainfall  of  all  years  of  maximum  q;K>ts  during  the  60  years  of  Hellman*s  record 
was  less  than  the  average  for  all  the  minimum  years  by  6  per  c^t  of  the 
normaL  Evidently  the  conditions  in  Europe  are  similar  to  those  in  America. 
When  sun-spots  are  numerous  the  general  t^idency  is  for  the  rainfall  to  increase 
in  the  subtropical  and  desert  parts,  with  the  excq[ition  of  the  Caucasus,  and 
also  to  Increase  in  a  belt  on  the  northern  side  of  the  continent  Judging  from 
Walker's  conclusions  the  increased  rainfall  of  the  Medit^ranean  region  extendi 
across  Persia  to  northern  India.  The  central  part  of  Europe,  on  the  contrary, 
like  the  central  part  of  the  United  States,  experiences  diminished  rainfall  at 
times  of  many  wm-fipotB, 
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Fio.  7.— FreqiMoey  of  twrometric  lowi  aloog  lOOth  nMridlaa.  After  Aio- 
towsU  (Monthly  Wwther  Review,  August,  1Q15»  with  addition  of  latitude 
figurei  at  top),  p.  386,  fig.  0. 

We  have  seen  that  storminess  is  more  frequent  at  times  of  many  sun-spots 
than  at  times  of  few.  We  have  also  seen  that  the  change  between  times  of 
minima  and  maxima  consists  of  an  outward  shifting  of  the  storm  tracks  toward 
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the  peripheral  parts  of  the  United  States  when  sun-qiots  become  nnmeroiuu 
The  next  question  is  wlietlier  this  sliifting  pertains  to  the  entire  jrear  or  only 
to  certain  seasons.  Arctowsld  (14)  has  recently  made  a  study  ot  this  matter. 
Figure  7  sums  up  a  part  of  his  conclusions.  The  curves  represent  the  num- 
ber of  storm  centers  that  crossed  the  one  hundredth  meridian  during  the  81 
years  from  1888  to  1918.  The  hei^t  of  each  curve  at  the  left  indicates  the 
number  of  storm  centers  crossing  the  meridian  between  latitudes  50*  and  65* ; 
the  height  where  the  second  line  from  the  left  is  crossed  indicates  the  storms 
crossing  the  meridian  in  latitude  45*  to  60*,  etc  The  Roman  numerals  indi- 
cate the  months,  while  Y  stands  for  the  year  curve  or  average  for  12  months. 
The  one  hundredth  meridian,  it  will  be  remembered,  passes  through  western 
Kansas  and  intersects  the  southwestern  spur  of  storminess  (fig.  1)  which  cor- 
responds to  the  Italian  storm  area  in  Europe; 
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FM.  8.— Fraqnoidy  of  barometrie  lows  aloiif  lOOtb  meridian  In  yean  of  many  and  few 
ffOB  tpott.   (Repiodooed  from  Weather  Review,  AncoBt,  19UI,  p.  S86,  ilg.  7.) 

Bxamining  the  curves  of  figure  7  we  see  that  in  July  (marked  VII)  there  is 
a  fairly  uniform  decrease  of  storminess  from  a  maximum  of  70  centers  in  81 
years  between  latitudes  50*  and  55*  to  practically  none  in  latitudes  25*  to 
85*.  By  December  (curve  XII)  a  change  has  ai^)eared.  In  the  northern  lati- 
tudes, wha*e  storminess  is  at  a  maximum,  the  storm  centers  for  81  years 
number  over  90.  The  number  decreases  to  about  85  between  latitudes  40* 
and  45*,  rises  to  a  secondary  maximum  of  about  48  in  latitudes  85*  to  40*. 
and  falls  to  24  in  latitudes  25*  to  80*.  In  April  the  December  features  are 
still  further  developed.  The  most  northerly  latitudes  have  a  total  of  only 
48  centers,  while  in  latitudes  85*  to  40* — that  is,  in  Kansas  and  Oklahoma — 
the  number  rises  to  80,  so  that  that  region  then  becomes  almost  as  stormy  as  is 
southern  Canada  in  midwinter.  The  meaning  of  the  whole  series  of  curves  is 
that  the  two  belts  indicated  in  figure  1  and  appearing  in  the  lower  or  year 
curve  of  figure  7  at  a  and  h  do  not  persist   throughtout  the  year.     The  northern 
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or  boreal  belt,  a  in  figure  7,  is  strong  in  July  and  so  continues  till  December, 
but  weakens  at  the  end  of  winter  and  almost  disappears  In  the  spring.  The 
subtr<^ical  belt  {b  in  the  figure)  does  not  appear  in  July,  has  developed  faintly 
in  December,  and  is  much  more  important  than  its  northern  comrade  in  April. 
Let  us  see  what  Arctowski's  data  show  as  to  the  relative  imp<Htance  of  the 
two  belts  in  times  of  many  and  few  sun-spots.  On  the  left  of  figure  8 
Arctowski  has  plotted  curves  showing  the  storminess  in  different  latitudes 
along  the  100th  meridian  in  three  years  of  maTlmnm  sun-spots.  All  three 
show  a  strong  development  of  both  the  boreal  and  subtropical  belts*  as  indicated 
by  the  height  of  the  curves  in  latitude  00*  to  55*,  and  by  the  secondary  maxi- 
mum in  latitude  85*  to  40*.  On  the  right  ol  this  figure  Arctowski  has  plotted 
three  curves  for  years  of  minimum  sun-^iwtB.  In  two  of  these,  1901  and  1013, 
there  is  a  clearly  defined  tendency  to  develop  only  one  belt  In  1880  both 
belts  are  visible,  but  are  not  sharidy  differentiated,  and  the  crest  of  the  boreal 
belt  is  farther  south  than  in  the  curves  for  years  of  maTJmnm  spots. 

Jan     Feb     liar     Apr    ICay  June  July    Aug     Sept  Get     Hov     Dec     Jan 
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50 

Fio.  •.'Monthly  dlffflrtnoeB  of  gtormliMM  betwMn  sun-ipot  mudma  and  nUnlma  along  the  lOOth 
meridian.   Solid  line  repreMnta  nine  yeaia  of  maxima.    Dotted  line  i^pneents  nine  yeaia  of 
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In  order  to  bring  out  more  clearly  the  variations  in  storminess  by  months 
at  times  of  many  and  f^w  sun-spots,  I  have  drawn  figure  9  from  Arctowski*s 
Table  4  (14).  In  preparing  figure  9  allowance  has  been  made  for  the  differing 
lengths  of  the  months,  and  the  results  have  been  smoothed  by  the  formula 

4 
a+2b+c' 

The  solid  line  represents  the  total  number  of  storms  per  month  that  crossed 
the  hundredth  meridian  in  all  latitudes  according  to  the  charts  of  the  United 
States  Weather  Bureau  during  nine  years  of  sun-spot  maxima.  The  dotted 
line  represents  the  total  number  of  storms  crossing  the  same  meridian  during 
nine  years  of  sun-spot  minima.  The  meaning  is  clear.  In  midwinter  and  mid- 
summer the  differences  in  the  sun  make  no  particular  difference  in  the  degree 
of  storminess  in  this  longittlde.  In  the  fall,  however,  and  still  more  in  the 
spring,  storminess  is  greater  at  times  of  many  sun-spots.  If  different  latitudes 
are  considered  separately,  Instead  of  all  being  grouped  together  as  in  figure  9, 
It  appears  that  at  times  of  many  sun-jqwts  the  strengthening  of  the  boreal 
storm  belt  occurs  chiefly  In  the  winter  from  January  to  March  and  in  the 
summer  and  fall  from  July  to  November.  The  subtropical  belt,  on  the  other 
hand,  is  strengthened  chiefly  in  December  and  in  April  and  May.  In  other 
longitudes  the  seasonal  distribution  of  changes  in  storminess  is  somewhat  dif- 
ferent, and  there  is  urgent  need  of  maps  showing  the  contAist  between  the 
conditions  at  sun-spot  maxima  and  minima  over  the  whole  country  for  each 
month  in  the  year  and  for  two  or  three  individual  sun-spot  cycles.  Ehiough 
is  now  known,  however,  to  make  it  dear  that  although  the  terrestrial  responses 
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to  solar  variations  are  higlUy  complex,  they  follow  definite  laws  and  in  spite 
of  minor  modifications  repeat  themselves  in  each  sun-spot  cyde. 

The  general  conclusions  to  be  drawn  from  the  studies  thus  far  ontlined 
in  this  paper  may  be  stated  as  follows :  Increased  storminess  and  a  concentra* 
tion  of  storminess  in  certain  areas  at  times  of  maximum  and  minimum  sun- 
spots  seem  to  account  for  a  large  part  of  the  variations  in  climate  from  year 
to  year  in  North  America  and  Europe.  These  conditions  also  seem  to  account 
for  the  apparent  contradictions  between  expectation  and  fact  which  have- 
hitherto  proved  such  an  obstacle  to  all  solar  hypotheses  of  climatic  variations. 
In  both  North  America  and  Burasia  there  are  evidences  of  a  double  storm  belt. 
The  two  belts  tend  to  coalesce  at  times  of  few  sun-spots  and  to  become  more 
distinct  and  sharply  differentiated  when  sun-iq;N>t8  are  numerous.  At  such 
dmes  the  northern  or  boreal  belt  is  on  the  whole  most  strengthened  in  the 
winter  and  summer,  while  the  subtropical  belt  is  eiQ)ecially  strengthened  in  the 
spring  and  to  a  less  extent  at  the  beginning  of  winter;  that  is,  at  the  two  ends, 
of  the  rainy  season  in  places  where  the  Mediterranean  type  of  rainfall  prevails^ 

THS  STOBMINKSS  OF  THJB  VOUSTKBNTH  CBNTUBT. 

Let  us  now  turn  from  the  present  to  the  past,  and  see  how  the  variations  of 
our  own  time  within  the  solar  cyde  compare  with  those  of  the  latest  large  cli- 
matic fiuctuations.  Let  us  briefiy  summarize  certain  facts  which  are  fully 
set  forth  elsewhere  (3)  and  add  to  them  certain  new  facts  which  reenforce^ 
the  original  conclusion.  Many  lines  of  evidence  indicate  that  the  fourteenth 
century  was  the  culmination  of  a  time  of  unusual  climatic  stress.  For  instance^ 
Norlind  (19),  Pettersson  (2),  and  others  show  that  northwestern  ESurope  waa 
then  afflicted  with  floods  and  droughts  of  unusual  severity  whose  like  has  not 
since  been  experienced.  Norlind  says  that  "the  only  authentic  accounts**  of 
the  complete  fi*eessing  of  the  Baltic  in  the  neighborhood  of  the  Kattegat  are  in 
the  years  1296,  1306,  1828,  and  1408.  Of  these  1296  is  *'  much  the  most  uncer- 
tain'*, while  1823  was  the  coldest  year  ever  known,  for  horses  and  sleighA 
crossed  regularly  from  Sweden  to  Germany  on  the  ice.  During  the  same  gen- 
eral period  great  storms  lashed  the  coasts  of  the  North  Sea  and  broke  down 
the  coastal  barriers  of  dunes  that  had  previously  indosed  such  areas  as  the 
Znider  Zee,  which  finally  became  a  part  of  the  North  Sea  toward  the  end  of 
the  thirteenth  century.  Everytlilng  seems  to  Indicate  that  at  this  time  the 
climate  was  more  continental  than  now,  and  the  storms  more  severe. 

Far  away  to  the  east  Brfickner*s  (20)  study  of  the  Gaiq;»ian  Sea  shows  that 
it,  too,  was  subject  to  great  fluctuations.  In  1806-7  the  Caspian  Sea  (21). 
after  rising  rapidly  for  some  years,  stood  87  feet  above  the  present  datum  levek 
Still  farther  to  the  east  In  the  very  heart  of  Asia  between  the  years  1808  and 
1811  there  ocurred  a  phenomenal  rise  of  the  inclosed  lake  of  Lop-Nor,  which 
overflowed  its  banius  and  overwhelmed  the  so-called  Dragon  Town. 

Turning  to  a  region  of  similar  climate  in  the  Western  Hemisphere  we  find 
that  in  the  Sierra  Nevada  Mountains  the  great  sequoia  trees  grew  slowly  dur- 
ing the  thirteenth  century,  as  appears  in  figure  10,  but  about  1280  their  rate  of 
growth  began  to  increase  rapidly,  and  continued  to  accelerate  until  about 
1840  (22). 

East  of  the  Sierra  Mountains  another  Important  line  of  evidence  indicates 
that  the  fourteenth  century  was  a  time  of  unusually  severe  storms.  Owens 
Lake  is  an  inclosed  body  of  salt  water,  undrinkable,  but  not  particularly  saline 
in  comparison  with  many  other  salt  lakes.  It  receives  most  of  its  water  from 
Owens  River.  Mudi  of  the  river  water  is  now  diverted  to  Los  Angeles  by  the 
great  Owens  River  aqueduct.    Because  of  this  the  lake  and  river  have  been 
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iuea8ured  and  aoalyxed  with  unusual 
care.  Gale  (23)  has  made  a  study  of 
the  length  of  time  required  to  accumu- 
late the  salts  now  contained  in  the 
water ;  that  is,  tlie  time  since  the  lake 
last  overflowed.  He  concludes  that  the 
sodium  now  present  would  have  ac- 
cumulated in  3,500  years  if  brought 
in  by  the  portion  of  the  Owens  River 
above  the  point  where  the  water  is 
taken  out  by  the  aqueduct,  while  the 
chlorine  would  require  4,200  years. 
No  allowance  Is  made  for  possible 
deposition,  nor  for  the  greater  amount 
of  salt  which  must  have  been  brought 
by  the  water  when  its  volume  was  soffl- 
cient  to  expand  the  lake  to  two  and 
a  half  times  its  present  size  and  cause 
it  to  overflow.  Moreover,  no  account 
is  taken  of  the  possible  salt  dartved 
from  the  lower  third  of  the  drainage 
area  where  the  most  abundant  saline 
deposits  are  found.  Therefore,  in- 
stead of  a  period  of  about  3,860  years— 
the  average  of  3,900  and  4,200>-lt 
seems  necessary  to  reduce  <3ale*s  figure 
to  not  much  more  than  2,000.  This 
period  represents  apparently  the  time 
since  the  lake  last  overflowed  through 
the  old  outlet,  which  is  still  well  de- 
flned,  and  thus  kept  itself  firesh. 

During  the  2,000  years  more  or  less 
that  the  lake  has  been  without  an 
outlet  It  has  fallen  about  190  feet, 
Rnd*its  area  has  diminirtied  to  about 
40  per  cent  of  what  it  was  at  the  be- 
ginning. Such  a  diminution  seems  to 
represent  an  important  climatic  change. 
As  the  lake  has  fallen  It  has  formed 
II  series  of  beadies,  varyUig  greatly 
In  size  and  character.  The  lake  is 
located  only  about  50  miles  from  the 
sequoia  trees,  whose  rate  of  growth 
for  over  3,000  years  is  illustrated  in 
flgure  10.  The  same  main  climatic 
fluctuations  must  have  occurred  in 
both  places.  This  makes  it  possible 
to  date  the  beaches  of  the  old  lake.  At 
the  top  come  a  series  which  apparently 
belong  to  the  period  of  increasing  arid- 
ity from  the  time  of  Christ  to  the  sev- 
enth century.  ( See  flg.  10. )  A  series  of 
alluvial  fans  furnish^evidence  that  dur- 
ing the  succeeding  dry  period  the  lake 
fell  to  n  low  level.    Then  It  rose  again 
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and  formed  a  series  of  beaches  whose  highest  member  apparently  dates  from  the 
wet  period  about  1000  A.  D.,  while  a  smaller  one  seems  to  belong  to  a  slightly 
later  time.  These  beaches  are  mild  In  character,  not  strongly  marked,  and  with- 
out much  evidence  of  great  wave  action.  The  big  trees  in  the  neighboring  Sierra 
Mountains  were  able  to  grow  rapidly  because  of  abundant  moisture,  but  as  yet  no 
evidence  has  been  adduced  to  show  that  the  storms  were  particularly  severe. 
After  the  beaches,  dating  fktHn  about  1000  A.  D.,  there  is  another  break  indicating 
low  water.  Then  comes  a  peculiarly  well-defined  beadi  with  abundant  pebbles 
upon  it,  and  with  the  sand  and  gravel  piled  into  a  high  ridge  as  if  by  powerful 
winds  and  waves.  The  beach  is  so  different  from  those  above  or  below  that  even 
the  novice  notices  it  The  most  satisfactory  explanation  seems  to  be  that  at 
the  time  of  its  fbrmation  storms  of  peculiar  severity  prevailed.  The  date 
appears  to  be  the  early  part  of  the  fourteenth  century,  when  the  neighboring 
sequoia  trees  made  their  sudden  spurt  A  few  later  beaches  lie  at  lower  levels, 
but  none  suggests  such  force  of  wind  and  wave.  Around  other  salt  lakes  this 
same  strong  beach  can  be  seen.  For  instance,  at  Pyramid  Lake  the  conditions 
are  almost  identical  with  those  at  Owens,  and  the  time  when  it  last  overflowed 
seems  to  be  essentially  the  same,  although  the  chemical  evidence  has  not  been 
worked  out  so  fully.  At  Mono  Lake  also  the  beach  of  the  fourteenth  century 
<an  be  recognized,  although  here  there  Is  no  means  of  dating  it  exc^  by  its 
relative  location  and  its  strongly  marked  character. 

Not  only  In  northwestern  Burope,  central  Asia,  and  the  southeastern  United 
States,  but  in  Greenland  and  Iceland,  evidences  of  great  climatic  severity  are 
particularly  abundant  and  strong  during  the  fourteenth  century.  Petterssoo 
(2)  has  lately  discussed  the  matter.  He  shows  that  In  the  early  days  the 
Norsemen  coming  from  Iceland  followed  a  route  along  the  east  ceast  9i  Oreen* 
land  and  through  the  strait  north  of  Cape  Farewell,  and  so  areoiid  to  the  west 
slde»  where  all  the  settlements  wereu  In  the  fimrteenth  century,  however,  this 
route  was  blocked  by  ice  and  became,  as  it  is  now,  impassable.  Varkras  ether' 
lines  ot  evidence  point  to  a  similar  condusloo  in  regard  to  increased  cHmatlc 
severity.  Many  ct  the  old  Norse  ruins  now  lie  in  locatkNis  inaceessible  because 
of  the  advance  <tf  the  Ice,  while  the  Bskimo  say-  that  some  have  actually  been 
buried  by  glaciers.  The  agricultural  possibilities  and  the  capacity  of  the 
country  for  stock  raising  now  appear  to  be  less  than  at  the  most  prosperous 
time,  not  far  from  1200  A.  D.  During  the  fourteenth  century,  according  to 
Pettersson,  the  climatic  stress  became  so  great  that  finally  liie  Bskimo  were 
forced  out  of  their  home  in  the  North  and  came  down  and  ravaged  the  Norse 
settlements.  Succor  from  home  ceased  to  arrive  because  of  troubles  there,  and 
finally  the  Norsemen  were  exterminated. 

In  Norway  itself,  as  Pettersson  points  out  on  the  authority  ct  the  historian 
Bull,  the  rigor  of  the  climate  at  this  time  produced  dire  results.  The  crops 
diminished  woefully  because  of  the  cold,  rainy  storms.  The  State  revenues  f^ll 
off  60  to  70  per  cent  Districts  that  had  formerly  raised  food  for  export  were 
forced  to  import  from  Germany.  The  whole  country  fell  Into  most  deplorable 
conditions  through  economic  distress.  In  Bngland  similar  disasters  took  place. 
Land  which  had  been  wont  to  produce  12  bush^  of  wheat  on  an  average  now 
gave  only  8.  The  peasants  were  in  want;  the  landowners  were  greatly  dis- 
turbed at  the  decline  In  their  revenues.  In  many  cases  the  raising  of  grain 
was  so  unprofitable  that  fiirms  were  turned  Into  sheep  ranges,  and  the  peas- 
ants were  dispossessed  of  their  holdings.  All  these  things  Indicate  that  the 
stormlness  and  rainfall  increased  to  an  Important  degree. 

Let  us  now  compare  the  stormy  period  of  the  fourteenth  century  with  the 
stormy  periods'of  the  present    The  places  whldi  furnish  evidence  as  to  the 
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fourteenth  century  are  significant  In  Buraaia  the  evidence  comes  from  the 
northwest  or  else  from  the  deserts  of  the  interior.  In  America  it  comes  from 
the  northern  storm  belt,  on  whose  edge  Greenland  is  located,  or  else  from 
the  southwestern  deserts.  These  are  the  areas  where  during  recent  decades 
stormlness  has  shown  a  special  tendency  to  increase  at  times  of  many  8un-i^>ots. 
The  question  naturally  arises  whether  the  sun  was  unusually  active  in  the 
fourteenth  century.  Our  Icnowledge  of  sun-spots  previous  to  about  1750  i»  ex- 
tremely limited.  Yet  Wolf  (24),  who  has  made  an  exhaustive  study  of  the 
matter,  states  that  the  years  from  1870  to  1385  are  noted  for  sun-spot  maxima. 
As  Pettersson  (26)  points  out :  "  So  long  a  period  of  maxima  bad  not  occurred 
since  the  end  of  the  fourth  century  (if,  indeed,  we  Imow  enough  about  that  early 
time  to  form  any  true  estimate),  and  Wolf  therefore  considers  that  an  absolute 
maximum  of  spots  occurred  about  1372."  I  would  not  press  this  rough  agree- 
ment between  an  apparent  period  of  increasing  spottedness  and  a  time  of 
special  climatic  stress.  Yet  it  at  least  furnishes  food  for  thought  Taken 
with  the  other  facts  presented  in  this  paper,  it  seems  to  suggest  that  there- 
may  be  a  much  closer  connection  between  solar  and  terrestrial  variations  than 
has  commonly  been  realized.  The  problem  of  the  cause  of  climatic  instabil- 
ity is  of  such  supreme  importance  both  in  our  interpretation  of  the  past  and  in 
the  development  of  the  scientific  and  economic  aspects  of  meteorology  that  every 
clue  to  its  solution  deserves  the  most  careful  and  unprejudiced  investigation. 
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The  Chairman.  This  very  interesting  paper  is  now  before  you 
for  discussion. 

Mr.  NiPHER.  A  number  of  years  ago  I  made  a  determination  of  the 
total  rainfall  in  the  United  States  in  cubic  miles  during  one  sun-spot 
period ;  but  what  we  undertook  to  do  was  to  give  equal  weight  to  all 
areas — that  is,  to  each  of  the  States.  There  were  many  places  where 
there  were  few  stations  giving  the  total  rainfall  for  the  year,  and 
values  were  interpolated  in  such  a  way  as  to  give  equal  weight  to  all 
parts  of  the  area,  and  the  result  was  that  the  average  rainfall  of  the 
entire  United  States  during  that  period  was  1,308  cubic  miles  of  water 
per  year,  and  it  was  very  constant  from  year  to  year.  The  amount  of 
water  falling  on  the  State  of  Missouri  alone  was  within  1  per  cent  of 
the  amount  of  water  flowing  past  the  city  of  St  Louis  in  the  Missis- 
sippi Siver,  showing  how  small  an  amount  of  water  there  is  that 
f aUs  on  the  earth  that  gets  into  the  rivers. 

I  wanted  to  say  in  particular  that  the  work  that  was  done  over 
that  short  interval  gave,  it  seemed  to  me,  very  impressive  evidence 
that  the  total  rainfall  is  at  the  maximum  when  sun-spots  are  most  in- 
frequent— that  is  to  say,  during  the  period  when  the  sim-spots  are 
the  least  The  rainfall  was  the  greatest  at  that  time.  The  evidence 
is  not  conclusive.  It  ought  to  be  concluded.  I  think  that  work 
ought  to  be  continued;  and  it  seems  to  me  that  dealing  with  rainfall, 
and  also  with  temperature,  in  going  over  the  surface,  giving  equal 
weight  to  all  areas,  is  the  most  important  way  to  study  climate  and 
changes  of  climate. 

If  any  of  you  wish  to  have  that  paper  and  will  give  me  your  ad- 
dresses I  will  be  glad  to  send  it  to  you.  It  was  published  in  the 
transactions  of  the  Academy  of  Science  of  St  Louis. 

The  Ch AIRMAN.  I  will  now  call  for  the  next  paper,  "Influence 
of  the  Great  Lakes  upon  movement  of  high  and  low  pressure  areas,^' 
by  Prof.  H.  J.  Cox,  of  Chicago. 
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INFLUENCB  OF  THB  GREAT  LAKES  UPON  MOVEMENT  OF  HIGH 
AND  LOW  PRESSURE  AREAS. 

By  HBNRY  J.  COX, 
ProfesMor  of  Meteorology^  V.  8,  Weather  Bvreau,  Chicago,  lU. 

ntTBOUUCflOH. 

The  Great  Lakes  cover  an  area  of  about  83,000  square  miles,  and  there  are 
water  surfaces  or  Inland  lakes  In  the  interior  of  the  Lake  States  which  cova* 
approximately  2,000  square  miles,  located  mainly  in  the  lower  Michigan  Penin* 
aula.  The  total  water  surface,  therefore,  within  the  entire  region  amounts  to 
al>out  95,000  square  miles.  If  the  BOchigan  peninsulas,  embracing  58,000  square 
miles,  and  that  portion  of  Ontario  which  is  about  the  siie  of  upper  BOchigan, 
and  which  is  almost  surrounded  by  Georgian  Bay  and  Lakes  Huron,  Brie,  and 
Ontario  were  eliminated,  there  would  be  a  complete  water  surface  readiing 
from  Duluth  on  the  northwest  to  the  Thousand  Islands  on  the  east 

The  Great  Lakes  are  never  entirely  frocen  over,  there  being  a  variable 
quantity  of  ice  on  the  surface  in  the  winter  season,  depending  upon  the  severity 
of  the  weather.  Possibly  Lake  Superior  has  been  frocen  over  for  a  short  time 
cnce  or  twice  in  the  past  50  years,  but  th«re  is  no  absolute  proof  as  to  this. 
Steamboat  lines  maintain  navigation  across  Lake  Michigan  during  the  winter 
season,  and  occasionally  boats  have  been  fraien  in  for  limited  periods  in  mid- 
winter. The  Ice  in  variable  amounts  moves  with  the  wind  from  west  to  east 
and  ttom  nmrth  to  south,  banking  up  on  one  shore  or  another,  but  the  middle 
ot  this  lake  is  generally  free  of  ice. 

.Tun  or  AiB  Aim  watcr  in  tbb  obbat  iakbs  nBoioH. 


A  comparison  made  at  Chicago  between  the  lake  temperature  observed  at 
the  2-mlle  crib  24  feet  below  the  surface  and  the  air  temperature  for  a  period 
of  10  years,  trwn  1902  to  1911,  inclusive,  shows  that  the  mean  air  temperature 
was  higher  than  the  mean  water  tenn)erature  from  late  in  February  nntit 
October.  Through  the  latter  month  and  throui^  most  of  November  there  was 
very  little  difference,  the  air  temperature,  however,  steadily  declining  until  the 
1st  of  February,  while  the  water  temperature  reached  its  minimum  of  32"  by 
January  1.  The  maximum  air  temperature  occurred  in  July,  while  that  of  the 
water  was  recorded  about  August  1.  The  means  of  the  air  and  water  tempera- 
tures for  the  various  months  and  the  departures  of  the  mean  air  temperatures 
from  those  of  the  water  were  as  Mlows,  as  slwwn  in  Weather  and  Oliraate  of 
Chicago  (Cox  and  Armington) : 


Jan. 

Feb. 

Har. 

Apr. 

May. 

Jane. 

jmy. 

Aug. 

Sept. 

Get. 

Nov. 

Deo. 

Meuis: 

Water 

• 

20 
-6 

• 

S2 

26 

-7 

• 

M 
39 

+6 

• 

41 

46 

+5 

• 

49 

58 

+9 

• 

M 

M 

+8 

• 

49 
73 

+« 

• 
*+4 

• 

64 
46 

+2 

• 

44 
64 

-2 

• 

44 

41 

-8 

• 
84 

Air 

28 

Departure  from  mean  of 

-6 

The  table  Indicates  that  February,  with  a  difference  of  7*  was  the  month  in 
which  the  air  temperature  averaged  the  lowest  as  compared  with  the  wat^ 
temperature,  while  the  greatest  positive  difference,  0**,  occurred  in  May.  These 
figures  represent  average  values  only,  of  course.  The  diurnal  change  in  water 
temperature  is  small,  while  that  of  the  air  away  from  the  water  surface  is 
relatively  large.    The  differences  between  the  maximum  temperatures  of  the 
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air  and  water,  especially  In  the  month  of  May,  are  great,  when  the  temperature 
of  the  wnteac  ranges  from  45*  to  60*,  and  the  maximum  air  temperatures  often 
exceed  80*  and  scmietlmes  even  90*.  So  the  differences  between  the  minimum 
temperatures  of  the  air  and  water  In  the  wintertime  are  correspondingly  great 
but  In  the  opposite  direction.  This  comparison  should  serve  roughly  f6r  other 
portions  of  the  Great  Lakes  region  also,  although  the  Individual  values  would 
vary. 

Air  moving  over  a  great  expanse  of  water  tends  to  acquire  the  temperature 
of  that  surface.  If  warm^,  the  air  will  lose  a  portion  of  Its  heat  to  the  water 
by  conduction  and  radiation ;  If  colder,  It  will  receive  a  portion  of  the  water's 
heat  by  the  same  method.  The  specific  heat  of  air  with  an  average  relative 
humidity  of  65  to  70  per  cent,  being  less  than  one^uarter  that  of  water,  the 
Interchange  of  heat  Just  mentioned  will  result  In  a  larger  change  of  air  tem- 
perature than  of  water  temperature.  The  air  lying  over  the  Great  Lakea 
usually  differs  materially  In  temperature  from  the  air  over  the  land  at  a  dis- 
tance, although  the  Influence  of  the  lakes  affects  the  temperature  of  the  air 
for  a  considerable  area  in  surrounding  sections.  This  Influence  doubtless  modi- 
fies the  movement  of  storm  areas  to  a  certain  extent,  and  we  will  now  endeavor 
to  d^lne  the  relation. 

MOVEMENT  OV  HIGH  AND  LOW  PBBSSUEB  ABBAS. 

From  tlie  forecaster's  (Standpoint,  the  subject  of  movement  of  areas  of  high 
and  low  barometer  is  most  Important  The  causes  of  the  variations  fix>m  the- 
normal  direction  and  velocity  are  many,  and  not  all  are  agreed  by  any  means 
upon  the  essential  factors  controlling  storm  movement  These  areas  are  car- 
ried along  with  the  general  circulation  of  the  atmoie^here,  which  in  the  United 
States  north  of  parallel  80*  Is  from  west  to  east,  highs  iwinting  mostly  to  south 
of  east,  and  lows  to  north  of  east.  The  configuration  of  the  country  is,  of 
course,  Important,  as  regards  the  movement  of  high  and  low  pressure  areas^ 
but  of  this  we  will  not  speak  further  to-day. 

Generally  speakings  areas  of  high  and  low  pressure  take  the  paths  of  least  re- 
sistance, and  naturally  low  pressure  areas  tend  to  move  toward  the  places  of 
lowest  pressure,  usually  the  track  leading  toward  a  permanent  low,  provided 
this  lies  to  the  east  Thus  we  have  all  storm  tracks  in  this  country,  whether 
from  the  West  Middle  West  Southwest  or  South,  leading  toward  the  low- 
pressure  area  off  the  North  Atlantic  coast  which  doubtless  Is  a  part  of  th( 
great  Icelandic  low.  On  the  other  hand,  the  highs  move  toward  the  Southeast 
to  Join  with  the  Bermuda  high,  so  called,  which  lies  In  the  permanent  high  In 
the  North  Aflantlc  at  about  parallel  80*  to  85*.  The  majority  of  the  highs  thai 
take  even  the  northern  route  later  settle  southward  over  the  Middle  or  South 
Atlantic  States.  (See  fig.  1,  mean  tracks  of  highs  and  lows  across  the  United 
States.)  While  these  indicate  approximately  the  normal  tracks,  Individual 
highs  and  lows  vary  In  their  movement  quite  widely,  as  we  shall  see. 

It  is  well  known  that  the  direction  and  rate  of  movement  of  a  low  Is  largely 
controlled  by  the  surrounding  barometric  pressure,  the  low  moving  rapidly  If 
the  pressure  In  its  rear  is  high  and  relatively  low  in  its  front  and  slowly  if  the 
opposite  conditions  prevail.  Mr.  E.  H.  Bowie  in  a  paper  entitled  "  The  relation 
between  storm  movement  and  pressure  distribution/*  Monthly  Weather  Re- 
view, February,  1906,  Washington,  D.  C,  discusses  the  subject  of  pressure  dis- 
tribution and  works  out  a  system  for  determining  the  direction  and  rate  of 
storm  movement  that  has  some  value.  There  are,  of  course,  additional  faetonr 
of  a  varying  character,  especially  heat  and  moisture,  and,  as  a  consequence,  it 
is  not  possible  to  apply  any  hard  and  fast  rule. 
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The  question  of  tempermtnre  also  has  a  moat  bapoftant  bearios  opoo  the 
mPTcment  of  high  and  low  lycawug  arean  Thia  is  not  onlj  becanae  beat  la 
neceaaary  for  atorm  develomneiit  and  malntffnanre,  but  alao  bccaaae  twpwatnre 
la  a  factor  of  rxiating  pieaauie  condltioiiay  the  baixmeter  befng  higher  or  kmcr. 
depending  upon  whether  it  la  cold  or  warm.    If  ft  la  cold  there  la  a  dtpwarton 


of  the  iaobarle  amrfaeea,  at  least  near  the  groiind  or  water,  and  if  tt  Is  warm 
there  is  a  doming  op  of  tbeK  snrfaoesL  In  the  former  caae  the  air  aloft  IDla  In 
the  depreaalon  and  caoses  greater  pressure  over  the  area,  just  as  in  the  warm 
area  the  air  shore  the  domed  Iaobarle  ^mrfaces  (Iowa  tiw^j.  dlmlofshlni;  tli» 
pressure. 
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NORMAL  I80BABS  FOB  THE  UNITED  STATES. 

In  this  connection  It  is  well  to  consider  the  monthly  normal  barometric  pres- 
sure over  the  United  States  and  Canada  for  the  various  months  of  the  year. 
"The  character  and  i)osltion  of  the  subpermanent  highs  and  lows  change  from 
month  to  month,  as  the  temperature  over  the  land  is  higher  or  lower  than  over 
the  adjacent  water  surfaces,  or  largely  so  at  least 

The  maps  used  in  the  forecast  work  of  the  United  States  Weather  Bureau, 
showing  the  normal  barometric  pressure  at  8  a.  m.,  seventy-fifth  meridian  time, 


will  serve  for  purposes  of  Illustration.  The  isobars  are  drawn  for  ouch  0.02 
inch  of  pressure  reduced  to  sea  level  instead  of  the  usual  one-tenth  of  an  Inch, 
in  order  to  emphasize  the  variations. 

In  figure  2  the  normal  8  n.  m.  pressure  for  January,  the  high  in  the  Southeast 
is  found  centered  entirely  within  the  confines  of  the  country,  as  the  air  over 

68436— VOL  ir-17 28  i^r^r^n]r> 
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the  land  Is  then  colder  than  that  over  the  water  in  the  same  latitude.  From  the 
North  Atlantic  low  a  secondary  d^resslon  trends  southwestward  over  the 
Great  I^ikes,  where  the  water  and  consequently  the  air  lying  ahove  are  much 
warmer  than  the  air  over  the  land.  The  high  over  the  plateau  and  Great 
Basin  IR  quite  pronounced  In  January,  at  the  time  of  lowest  temperature,  it 
having  advanced  eastward  to  this  place  from  the  warmer  ocean  during  the 
autiiiiin.    Between  tliew  two  highs  is  the  low  in  the  Southwest,  the  breeding 


place  of  the  southwest  winter  storms,  with  its  trough  reaching  northward.  In 
British  Ck)lumbia  is  a  low  which  is  a  southward  dip  of  the  Great  Aleutian 
cyclonic  area,  most  pronounced  in  the  winter  season  because  of  the  relatively 
warm  water.  A  shoulder  of  high  pressure  in  the  northwestern  sections  east  of 
the  Rockies  separates  this  low  from  that  over  the  Great  Lakes,  but  it  has  not 
yet  reached  the  full  dimensions  of  a  high. 
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The  February  map  (fig.  3)  shows  no  special  changes  from  January,  except 
that  the  plateau  high  has  begun  to  disintegrate  with  the  waning  of  the  winter 
season,  and  It  Is  now  pointing  to  the  relatively  cool  water  of  the  Pacific.  80 
also  the  southeastern  high  is  pointing  oceanward  in  the  other  direction.  A 
high  has  now  developed  in  the  northwest  which  will  later,  with  the  coming 
of  spring,  move  across  the  lake  region,  crowding  the  low  to  the  eastward. 


The  March  map  (fig.  4)  shows  the  low  moving  from  the  Qreat  Lakes  farther 
northeastward,  as  the  temperature  of  the  water  rises  less  rapidly  than  does 
that  of  the  air  over  the  surrounding  land.  The  southeastern  high,  which  had 
started  in  February  to  move  toward  the  Atlantic,  has  undoubtedly  been  held 
back  by  the  attraction  of  the  high  that  is  pushing  down  from  Manitoba 
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toward  the  Great  LAkes.  These  two  highs  form  a  saddle  with  a  northwest- 
southeast  trend  over  the  east-central  States.  The  British  Columbia  and 
southwest  lows  are  becoming  deeper  with  the  advance  of  the  season,  while  the 
plateau  high  has  steadily  lost  in  bulk  and  now  becomes  a  part  of  the  sub- 
permanent  high  centered  off  the  coast  of  California,  where  the  wator  in  the 
spring  Is  much  colder  than  the  air  over  tlio  inforii  :•  <  t'  iIm  ( foiiin.  .  !. 


lu  April,  when  the  water  of  the  Great  Lakes  is  much  colder  than  tlie  air 
over  the  adjacent  land,  we  find  that  the  lake  depression  has  entirely  disap- 
peared to  the  northeast,  it  being  replaced  by  the  high  from  the  northwest,  as 
Indicated  by  figure  5.  This  high  Is  still  connected  with  tlie  southeastern  high 
as  in  March,  with  a  slight  dip  between  them.    The  British  Columbia  low  lins 
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fontinued  to  deepen  and  is  now  advancing  eastward  into  tlie  higher  tempera- 
ture of  the  interior,  while  the  high  on  the  Pacific  coast,  formerly  over 
the  plateau,  is  following  it  to  the  northward.  The  southwest  low  has  natu- 
rally continued  to  deepen  with  the  increase  in  heat  in  that  section,  and  it 


now  points  northeastward  toward  the  southern  lakes,  where  there  is  a  slight 
depression  in  the  saddle  of  high  pressure. 

In  May  (fig.  6)  the  lake  high  appears  like  an  ofCshoot  from  the  southeastern 
high,  the  center  of  which  has  advanced  into  the  Atlantic.  The  influence  of  the 
colder  waters  of  the  lakes  and  the  ocean  is  here  apparent. 
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In  the  sommer  months  of  Jnne  and  Jnly,  as  shown  by  flgores  7  and  8,  the 
southeastern  hi^  does  not  change  materially,  a  shoulder  from  It  reaching 
northwestward  over  the  Great  Lakes.  The  high  In  the  Pacific  Is  now  advancing 
slowly  northward,  seeking  the  colder  waters  of  the  North  Pacific,  and  the 


southwestern  low  has  continued  to  deepen  and  to  recede  westward,  exit^ndlui; 
northwestward  orer  the  California  desert,  where  the  heat  Is  rencliing  Its 
maximum  Intensity. 
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In  August  and  September  (figs.  9  and  10)  the  southeastern  high  is  forced 
northward  with  the  movement  northward  of  the  equatorial  or  tropical  low- 
pressure  belt  characteristic  of  the  hurricane  season.  Because  of  the  proximity 
of  this  high  to  the  Great  Lalies  in  these  montlis,  it  exerts  an  influence  over 


that  region,   resulting  in  increased  pressure  thera     The  northeastern   low 
is  gradually  disappearing. 

The  high,  previously  termed  the  southeastern  higli,  has  moved  tar  enough 
northward  by  September  to  be  called  instead,  an  eastern  high,  but  in  October 
<flg.  11),  it  begins  to  recede  to  the  southward,  trending  rather  toward  the 


Digitized  by  VjOOQ IC 


442       PBOOEEDINGS  SEOOND  PAN  AMEBICAN   SCIENTIFIC  C0NGBE88. 

southwest  as  the  tropical  low  area  appears  off  the  coast  of  southeaster  a  Flor- 
ida. With  the  movement  southward  of  the  high  during  the  months  of  October 
and  November  (figs.  11  and  12),  the  low  in  the  northeast  has  again  appeared. 
In  fact,  in  November  this  depression  covers  the  entire  northern  frontier  sec- 


tions from  the  mouth  of  the  St.  Lawrence  to  British  Columbia.  Tlie  south- 
western low  and  the  western  high  are  returning  eastward  to  their  winter 
homes. 
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In  December  (fig.  13),  the  center  of  the  plateau  high  has  reached  Idaho. 
The  low  to  the  northward  Is  deepening,  as  Is  also  the  one  over  the  Great  Lakes, 
where  the  temjierature  of  the  water  Is  now  higher  than  that  of  the  air  over 
the  land,  while  the  eastern  high  has  taken  Its  winter  position  over  the  South- 
eastern States  with  Its  center  well  within  the  coast  line. 


Reviewing  the  Isobarlc  charts  for  the  entire  year,  we  find  tliat  the  pressure 
Is  lower  In  the  Great  Lakes  region  than  In  surrounding  areas  in  November, 
December,  January,  and  February.  In  March  the  pressure  Is  becoming  higher, 
while  from  April  to  August,  Inclusive,  It  Is  actually  higher  than  In  sections 
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to  the  west ;  and  although  not  so  high  as  in  the  south  and  southeast,  the  dif- 
ferences are  not  nearly  so  great  as  in  the  winter  months.  In  September  the 
changes  are  of  little  consequence.  In  October  and  Norember  the  low  pressure 
is  becoming  general  over  the  entire  northern  frontier,  and  at  this  time  the 
influence  of  the  lakes  is  least  effective. 


In  connection  with  the  relatively  high  pressure  over  the  Great  Luke^  during 
the  spring  and  summer  and  low  pressure  in  the  winter  time,  it  is  interesting 
to  note  that  the  mean  temperature  of  the  water  of  the  lakes  as  compared  with 
that  of  the  air  in  adjacent  sections  is  lower  in  the  warmer  months  from 
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March  to  S^tember,  and  higher  in  the  colder  period  from  October  to  Feb- 
ruary. 

The  average  pressure  over  the  entire  country  is  highest  during  January,  but 
it  Is  not  necessarily  the  lowest  in  the  summer  season.  In  fact,  over  the  north- 
central  States  it  is  lowest  in  May.    Tliis  is  because  the  storms  of  May  fre- 


quently are  deep,  while  those  of  summer  are  relatively  shallow.  Hegunllng 
lake  influence,  however,  it  is  not  important  whether  the  pressure  over  the  lakes 
Is  actually  higher  or  lower  one  month  than  another,  but  whether  It  is  rela- 
atively  high  or  low  as  compared  with  the  sections  to  the  west  and  south. 
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We  note  the  gradual  changes  iu  the  conditions  over  ttiis  great  area»  as  shown 
hy  the  8  a.m.  normal  barometric  charts  for  the  various  months,  largely  caused 
by  unequal  heating  of  the  land  and  water  surfaces  at  the  different  seasons 
of  the  year.  The  evening  normal  isobaric  charts  do  not  show  any  great  Ta- 
xations from  the  morning  charts.    The  readings  in  the  evening,  of  course,  are 


lower,  varying  from  0.02  to  0.08  of  an  inch,  depending  upon  the  season  of  the 
year  and  the  latitude  o^  the  place.  The  differences  are  greater  in  summer  than 
in  winter,  and  Increase  from  north  to  south.  The  greatest  daily  range  In 
pressure  in  the  summertime  is  in  the  southwest,  where  the  range  in  temner- 
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atore  is  the  greatest.  In  the  Great  Lakes  region  the  diurnal  range  hi  pressure 
in  the  spring  and  summer  is  not  so  great  as  at  more  westerly  pohits,  because 
of  the  fact  that  the  daily  range  in  temperature  at  places  contiguous  to  large 
bodies  of  water  is  not  so  great  as  where  climate  is  continental. 

ISOTHERMS  FOB  THE  UNITED  STATES. 

Meteorologists  appreciate  the  influence  of  the  Great  Lakes  upon  the  isother- 
mal lines  crossing  the  northern  portion  of  the  United  States.  The  nor- 
mals are  bulged  northward  in  the  wintertime  over  the  lake  region  because  of 
the  relatively  warm  water,  turning  sharply  to  the  southwest  immediately  after 
reaching  the  colder  Interior;  while  in  the  spring  and  early  summer  they  are 
warped  to  the  southward  over  the  Great  Lakes,  and  after  passing  the  cool 
waters  of  that  region  turn  northwestward  Into  the  warm  Interior.  In  the 
autumn  months,  when  the  lake  influence  is  least,  the  isotherms  run  across  the 
lake  region  and  beyond  in  an  almost  due  east  and  west  direction. 

It  should  not  be  necessary  to  include  illustrations  of  normal  isotherms  in  this 
paper.  However,  in  order  to  emphasize  the  effect  of  lake  influence  in  the 
iq[)ring,  a  special  map  has  been  drawn  showing  the  isotherms  for  the  United 
States  at  8  p.  m.  May  13,  1915,  when  the  contrast  in  temperature  in  the 
central  districts  was  very  great.  (See  fig.  14.)  This  chart  indicates  the  re- 
markable influence  upon  the  air  temperature  of  the  Great  Lakes,  where  the 
readings  ranged  from  40  to  50"*,  as  compared  with  80  to  90**  in  the  Plains 
States  and  sections  to  the  south.  At  this  time  a  high-pressure  area  was' cen- 
tered north  of  Lake  Superior  and  a  low  in  the  far  West,  which  later  moved 
directly  eastward,  skirting  the  southern  boundaries  of  the  lakes  instead  of 
taking  the  normal  course  northeastward.  The  influence  of  the  lakes  in  spring 
is  more  apparent  in  the  afternoon  or  evening  than  in  the  morning,  as  the 
temperature  there  does  not  rise  nearly  so  much  during  the  day  as  at  interior 
points,  while  the  minimum  or  morning  readings  more  nearly  approach  each 
other. 

The  changes  in  temperature  go  hand  in  hand  with  those  of  pressure  de- 
scribed in  connection  with  the  isobario  i-hnrts,  and  we  find  that  on  the  lakes 
the  pressure  is  relatively  higher  and  tlie  temperature  lower  in  spring  and 
summer  than  in  the  districts  to  the  west  and  south,  while  in  the  colder  months 
the  converse  is  the  case.  ^ 

GENERAL  VICTORS  CONTROLLING   STORM    liOVEinCNTS. 

Highs,  their  position  and  magnitude,  govern  largely  the  direction  of  storm 
movement  in  various  sections  of  the  country.  For  instance,  as  long  as  a  strong 
high  covers  southeastern  sections,  a  southwest  low  does  not  move  easterly  to 
the  Atlantic  coast,  but  takes  the  path  of  least  resistance  northeastward  over 
the  Ohio  Valley  and  the  lake  region.  So,  while  the  plateau  high  dominates 
conditions  in  the  West,  Northwest  lows  in  their  movement  eastward  keep  well 
to  the  northward.  In  a  general  way,  then,  storm  movement  is  largely  con- 
trolled by  the  surrounding  barometric  pressure,  as  well  as  by  heat  and  cold. 

nrfT.UBNCB  OF  GREAT  LAKES  IN   CONNECTION    WITH   THE   MOVEMENT  OF   HIGH   AIH) 

LOW    PRESSURE    AREAS. 

It  therefore  seems  likely  that  during  the  seasons  of  the  year  when  the  ba- 
rometer Is  relatively  high  and  the  temperature  low  over  the  lakes,  as  com- 
pared with  neighboring  sections,  there  should  be  a  tendency  for  the  lows  to 
avoid  the  lakes;  and  when  the  pressure  is  lower  and  the  temperature  higher 


Digitized  by  VjOOQIC 


448       PROCEEDINGS  SECOND  PAN  AMEBICAN  SCIBNTIFIO  C0NGBB86. 

over  the  Inkes  than  in  the  other  sections,  their  paths  should  trend  more  fre- 
quently over  that  region ;  while  the  course  of  the  highs  should  be  affected  tn  a 
converge  manner.  As  a  storm  depends  for  its  existence  upon  relatively  low 
prewure,  as  well  as  increased  temperature,  lows  should  tend  to  move  across 
the  In  ken  with  greater  relative  frequency  during  the  colder  seasons  and  with 


increasing  energy,  while  in  the  spring  and  summer  months  the  percentage  of 
movement  across  the  lakes  should  be  less  and  there  should  be  a  tendency  for 
the  storms  to  lose  force. 

Of  course,  even  in  the  spring  and  summer  months  the  large  majority  of  the 
lows  cross  the  Great  Lakes  region  because  they  are  seeking  the  permanent 
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low  in  the  far  Northeast  and  are  carried  along  as  great  eddies  with  the  general 
circulation  of  the  atmosphere.  However,  we  wish  to  point  out  certain  lake 
influences  in  the  various  seasons  and  especially  the  tendency  in  the  spring  for 
lows  to  avoid  the  lakes.  This  tendency  is  more  strongly  manifested  in  the  case 
of  shallow  lows,  where  the  pressure  is  only  slightly  below  the  normal.  Deep 
lows  or  those  of  great  energy  usually  move  across  the  lakes  at  all  seasons  of 
the  year  without  any  perceptible  weakening,  even  in  the  springtime.  Yet  in 
the  spring  even  severe  storms  are  sometimes  completely  dissipated  upon  reach- 
ing the  Great  Lakes,  and  their  movement  is  retarded  as  they  approach  that 
region. 

Just  as  certain  influences  serve  to  affect  the  movement  of  lows,  they  naturally 
have  the  opposite  effect  upon  the  movement  of  highs;  so  that  as  far  as  lake 
influence  is  concerned,  when  the  lows  move  with  relatively  greater  frequency 
over  the  lakes,  the  highs  take  this  path  with  less  frequency,  and  vice  versa. 

We  have  already  seen  that  normal  differences  in  pressure  exist  between  the 
Great  Lakes  and  surrounding  territory  at  various  seasons  of  the  year,  rnnglug 
from  0.02  to  0.08  of  an  inch.  These,  however,  represent  differences  lietween 
average  pressures  only,  attended  by  average  temperatures,  but  it  should  be 
obvious  that  when  great  differences  in  temperature  exist  between  the  lakes 
and  the  surrounding  country,  as  on  May  13,  1915  (fig.  14),  for  instance,  the 
differences  in  pressure  will  be  much  greater  and  the  lake  Influence  upon  storm 
movement,  as  a  consequence,  more  marked. 

Acconling  to  Weather  Bureau  computations,  with  the  corrections  applied  to  the 
barometer  readings  at  the  Chicago  level,  there  is  an  increase  in  pressure  of  about 
0.01  inch  for  each  decrease  of  10^  in  temperature,  this  increase  representing  the 
change  in  the  density  of  the  layer  of  air  between  the  Chicago  level  and  sea 
level.  Humphreys  in  a  paper  entitled  "Why  some  winters  are  warm  and 
others  cold  in  the  eastern  United  States,"  Monthly  Weather  Review,  Decenilier, 
1014,  Washington,  D.  C,  states  that  a  decrease  of  1**  C.  in  the  surface  tempera- 
ture should  increase  the  density  of  the  air  above  by  roughly  one  part  In  300 
to  850,  and  the  barometlc  pressure  by  from  2  mm.  to  2.5  mm.  This  Is  doubt- 
less true,  provided,  of  course,  approximately  the  same  temperature  change 
reaches  to  the  higher  levels. 

Observations  made  with  sounding  balloons  show  that  during  a  period  of 
abnormal  warmth  or  cold  at  the  surface  it  is  warmer  or  colder  than  the  average 
in  the  atmosphere  above  to  a  considerable  height,  doubtless  as  high  as  the 
legion  of  storm  movement,  10,000  to  15,000  feet.  So  it  is  reasonable  to  suppose 
that  the  influence  of  the  Great  Lake»  in  lowering  the  temperature  in  spring 
and  summer  and  raising  it  in  winter  is  felt  at  the  higher  levels,  although,  of 
course.  In  a  less  degree.  The  density  of  the  air  at  these  levels  is  relatively 
Increased  or  decreased,  and  this  change  is  shown  by  the  higher  or  lower  read- 
ings of  the  barometer  at  the  surface. 

Humphreys  attributes  the  excessive  building  up  of  the  Bermuda  high  to  the 
relatively  low  temperature  of  the  surface  water,  due  in  turn  to  the  strong 
southward  movement  of  the  Labrador  current;  and  he  states  that  when  this 
current  is  weak  the  surface  water  to  the  south  Is  warm  and  the  high  in  that 
section  is  not  pronounced. 

For  the  same  reason  highs  tend  to  build  up  over  the  lakes  in  the  spring  and 
summer  when  the  water  is  relatively  cold,  sometimes  developing  right  over  the 
lakes  and  remaining  there  for  a  considerable  period. 

In  1906,  in  bulletin  8  of  the  Geographic  Society  of  Chicago,  **A  description  of 
lantern-slide  illustrations  for  the  teaching  of  meteorology,**  the  speaker  called 
attentioa  to  the  develc^meot  of  high-pressure  areas  over  the  lake  region  in 
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spring,  using  for  purposes  of  illustration  the  weather  maps  of  April  7,  8,  and  9, 
1900.  (See  figs.  15,  16,  and  17.)  The  high  developed  and  steadily  increased 
during  the  three  days  from  a  pressure  of  29.90  inches  to  30.50  inches,  reduced  to 
sea  level,  building  up,  and  expanding  in  all  directions.  The  temperature  in  the 
interior  at  the  time  was  rising,  while  that  over  the  lakes  remained  stationary ; 


hence  the  isobaric  surfaces  near  the  ground  were  warped  down  over  the 
Great  Lakes,  causing  there  an  inflow  of  air  aloft  from  the  domed  isobaric  sur- 
faces over  the  heated  areas  of  the  southwest,  and  resulting  in  the  development 
of  the  high-pressure  area  in  the  lake  region.    The  movement  of  the  western  low 
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would  naturally  have  been  in  an  east  to  northeast  direction,  but  It  was  diverted 
from  its  normal  track  by  the  development  of  this  great  high  area,  in  its  front. 
Its  course  was  thus  sou  then  stward  instead  of  northeastward.  This  is  a  familiar 
type  during  the  spring  months  of  the  year. 

Often  these  high-pressure  areas  in  the  spring  not  only  insure  to  the  lake  region 
<'0ol  weather,  but,  when  they  become  pronounced,  furnish  fair  weather  for 


a  prolonged  period  as  well.  An  additional  reason  why,  under  such  conditions, 
tair  weather  continues  on  the  west  shore  of  Lake  Michigan  and  at  Chicago,  for 
instance,  is  because  the  northeasterly  winds  from  the  water  are  warmed  up  as 
they  reach  the  land  and  pass  into  the  interior,  the  capacity  of  the  air  for 
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moisture  being,  by  reason  of  this  heating,  greatly  increased,  and  the  chances  for 
precipitation  diminished.  Here  we  have  the  reason  for  the  prolonged  dry 
spells  in  the  spring  of  the  year  in  portions  of  the  lake  region ;  in  tact,  it  rarely 
rains  in  Chicago  in  the  spring  during  the  prevalence  of  a  northeasterly  or 
easterly  wind. 

There  ore  some  instances  where  highs  remained  stationary  over  the  lakes 
for  an  entire  week  without  any  apparent  movement  eastward,  and  the  most 


pronounced  case  is  that  of  April  24  to  May  1,  1904.  It  may  be  said  that  highs 
build  up  over  the  lakes  in  other  seasons  of  the  year  also,  and  this  is  true  to  a 
certain  extent,  but  their  development  is  rare  at  other  times  as  compared  vitb 
the  spring,  nor  do  they  remain  so  long. 
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PERCENTAGE  OF  LOWS  AND  HIGHS   CROSSING  LAKES. 

It  is  rather  difficult  to  show  definitely  the  influence  of  the  lakes  upon  the 
direction  and  movement  of  high  and  low  pressure  areas,  because  while  these 
areas  have  certain  general  tracks  individual  ones  depart  widely  from  them  at 
all  seasons  of  the  year,  not  only  because  of  the  presence  of  the  Great  Lakes  in 
or  jiear  their  tracks,  but  also  because  of  certain  exterior  influences  in  the  way 
of  pressure  and  temperature. 

In  the  study  of  the  movement  of  lows  in  connection  with  this  question  it  is 
hardly  worth  while  to  consider  any  except  those  located  within  reaching  dis- 
tance of  the  lakes,  so  to  speak,  and  when  in  their  normal  movement  they  would 
cross  the  lakes.  We  have,  therefore,  studied  the  movement  of  all  lows  from 
the  Middle  West  for  a  15-year  period— from  1900  to  1914,  inclusive— from  an 
area  covered  by  Iowa,  southern  Minnesota,  and  the  eastern  portions  of  South 
Dakota  and  Nebraska.  A  comparison  is  given  below  for  the  selected  months 
of  January,  May,  August,  and  November,  the  charts  published  in  the  Monthly 
Weather  Review  being  taken  as  a  basis,  which  show  the  tracks  of  the  centers 
of  the  lows.    The  following  table  is  self-explanatory : 

LOWS. 


Month. 


Totel 

Number 
that 

Pereentage 

nnmber. 

crossed 
lakes. 

orosMd 
lakes. 

32 

28 

88 

29 

19 

66 

27 

22 

81 

17 

16 

9i 

JaDoary. 
May 

AOfiist. 


The  table  indicates  a  much  larger  percentage  of  lows  avoiding  the  lakes  in 
May  than  in  any  other  month,  only  66  per  cent  crossing;  while  the  paths  across 
the  lakes  in  November  and  January  are  in  large  numbers,  94  and  88  per  cent, 
respectively ;  August  following  with  81  per  cent  The  shallow,  lows  are  chiefly 
the  ones  that  seem  to  avoid  the  lakes  in  the  spring,  and  it  is  seldom  that  a  deep 
low  is  diverted  from  its  apparently  normal  path,  as  stated  previously. 

Occasionally  there  is  noted  a  decidedly  abnormal  movement  in  the  spring, 
especially  in  April,  of  a  low  from  Manitoba  southeastward  across  Minnesota 
and  either  directly  south  of  the  lakes  or  skirting  the  southern  boundaries  in  its 
eastward  movement.  Lows  are  more  likely  to  take  this  abnormal  course  when 
they  are  shallow.  Just  as  in  the  case  of  lows  from  the  Middle  West,  as  a  given 
lake  effect  upon  the  pressure,  0.05  or  0.10  of  an  inch,  for  instance,  would  then 
be  important 

The  normal  path  of  highs  from  the  Middle  West  is  southeast  of  the  lakes 
under  practically  all  conditions,  and,  as  a  consequence,  it  is  not  worth  while  to 
make  a  comparison  of  direction  of  movement  of  highs  from  the  same  district 
only,  as  was  made  for  lows. 

In  the  study  of  the  movement  of  highs  for  the  same  15-year  period  we  have 
included  those  from  the  Northwest  as  well  as  those  from  the  Middle  West,  and 
the  following  table,  based  upon  the  charts  in  the  Monthly  Weather  Review 
giving  the  tracks  of  the  centers  of  the  highs,  shows  the  results : 

HIQHS. 


Month. 


January.... 

AugDSt 

November. , 


Total 
number. 

112 
87 
91 

109 


Number 

that  crossed 

lakes. 

38 
64 
78 
40 


Percentage 
crossed 
lakes. 


62 
86 
87 
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These  figures  indicate  a  lake  effect,  witli  an  increasing  percentage  of  high.; 
passing  over  the  lakes  in  May  and  August,  62  and  85  per  cent,  respectively,  and 
a  relatively  small  number  in  January  and  November,  34  and  37  per  cent.  The 
large  number  In  August  is  doubtless  due  to  the  genera]  northerly  tendency  of 
the  highs  during  that  month.  We  have  seen  that  the  subpermanent  high  in 
the  montli  of  August  has  moved  northward  (see  Fig.  9),  and  it  is  probably 
this  fact  rather  than  the  influence  of  the  lakes  that  explains  the  increrfled 
August  percentage.  Certainly  the  lake  effect  is  least  in  August  of  all  the 
summer  months,  as  the  water  is  steadily  becoming  warmer,  and,  as  we  might 
expect,  the  highs  of  August  are  not  usually  of  much  force,  seldom  having  a 
pressure  as  high  as  30.2  inches. 

In  these  four  months  it  seems,  therefore,  from  a  comparison  of  the  direction 
of  movement  of  highs  and  lows,  that  in  May,  a  spring  month,  there  is  a  tend- 
ency for  lows  to  avoid  the  lakes  and  for  highs  to  seek  them.  In  August  the 
lake  effect  is  not  important,  as  shown  partially  by  the  relatively  low  percentage 
of  lows  crossing  the  lakes,  the  percentage  of  highs  crossing  the  lakes  In  that 
month  being  relatively  high,  as  we  have  stated  above,  for  a  different  reason. 
In  January  and  November  a  large  percentage  of  lows  cross  the  lakes,  while 
the  percentge  of  highs  taking  the  same  course  is  rather  small. 

The  mean  tracks  of  highs  and  lows  by  months  would  not  necessarily  bring 
out  these  facts,  as  the  means  would  have  to  include  averages  of  areas  moving 
not  only  across  and  south  of  the  lakes,  but  north  of  the  lakes  as  well:  and 
should  not  a  single  track  lead  across  the  lakes  in  a  given  month,  but  an  equal 
number  to  the  north  and  to  the  south  of  the  region,  the  mean  track  for  that 
month  would  pass  directly  across  the  lakes.  This,  of  course,  would  be  mis- 
leading, as  it  would  indicate  something  that  is  not  so. 

PATHS  OF  LOWS   AND  HIGHS  FOR  SELECTED  MONTHS. 

A  few  illustrations,  showing  the  great  variations  in  movement  of  storm  areas 
across  the  country,  should  prove  Interesting.  Figure  18  shows  the  tracks  of  lows 
for  the  month  of  January,  1900.  Most  of  them  lead  directly  across  the  lakes. 
Figure  19  gives  the  tracks  of  lows  for  the  month  of  April,  19a3,  in  which  we 
see  the  tendency  for  the  lows  to  move  either  south  of  the  lakes  or  across  the 
southern  portion. 

Figure  20  shows  the  tracks  of  highs  for  the  month  of  January,  1900.  We  may 
compare  this  with  figure  18,  illustrating  the  paths  of  lows  for  the  same  month. 
There  is  evidently  a  tendency  for  the  highs  to  avoid  the  Great  I^nkes  and  to 
pass  either  to  the  north  or  south  of  the  region,  while  the  lows  pass  directly 
across.  Figure  21  indicates  the  paths  of  highs  for  August,  1909,  all  crossing 
the  lakes.  ■  Later  four  of  them  settled  over  the  middle  Atlantic  coast. 

These  maps  are  given  as  illustrations  of  the  tendency  of  temperature  and 
pressure  conditions  to  influence  the  movements  of  highs  and  lows  during  the 
various  seasons  of  the  year.  The  months  are  all  typical,  although  they  do  not 
show  average  conditions,  but  ratlier  indicate  in  the  most  pronounced  form  the 
effects  of  the  influence  to  which  we  have  referred. 

INCBEASINO  OB  DECREASING  PBESSUBE   IN   LOWS   AND  HIGHS  CROSSING   LAKE  REGION. 

The  question  of  increase  and  decrease  in  intensity  of  highs  and  lows  as 
they  cross  the  lakes  is  also  pertinent  to  the  subject.  Therefore,  a  study  has 
been  made  of  the  changes  in  pressure  at  the  centers  of  the  highs  and  lows 
covering  the  15-year  period  for  the  same  months  of  January.  May,  August,  and 
November.    The  following  table,  based  upon  charts  published  in  the  Monthly 
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Weather  Review,  Is  given  below.  In  this  comparison  due  allowance  is  made 
for  the  diurnal  change  in  barometric  pressure,  and  under  the  column  headed 
^  stationary  "  are  included  not  only  those  highs  and  lows  that  did  not  change 


in  pressure  in  crossing  the  lakes,  but  also  those  which  showed  both  a  rise  and 
fall  or  a  fall  and  rise,  as  the  case  may  be,  thus  serving  to  eliminate  them  from 
the  other  columns. 
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LOWS. 


Rising 

barom- 

etar. 


Falling 
barom- 


Statian- 

barom- 
eUr. 


Total 
num- 
ber. 


Rising 


barom- 
eter. 


FalUng 
barom- 
eter. 


Station- 
barom- 


Total 
num- 
ber. 


January: 

Number. . . 

Percentage. 
May: 

Number 

Percentage. . 


65 


100 
68 


August: 

Number 

Percentage. 

November: 

Number 

Percentage. 


67 


94 
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Blsing 

barom- 
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The  above  indicates  that  in  the  case  of  lows  moving  across  the  lakes  the 
pressure  falls  much  more  frequently  in  January  and  November  than  it  rises, 
and  that  it  rises  much  more  frequently  in  May  than  it  falls;  while  in  August 
the  changes  are  not  of  consequence  one  way  or  the  other.  In  the  case  of  hi£^ 
the  barometer  rises  much  more  frequently  in  May  and  August,  while  in  January 


and  November  the  dumges  are  not  marked ;  bvt  there  is  a  falling  tendency  in 
January,  nevertheless.  While  the  values  are  given  only  for  certain  selected 
mffttth<«,  these  are  fairly  representative  of  the  various  reasons  of  the  year. 

The  results  seem  to  harmonize  with  those  given  for  the  selected  months  show- 
ing the  dlrecdon  of  movement  of  hi^is  and  lows  near  or  across  the  lakes,  and 
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we  must  conclude  that  the  Great  Lakes  do  actually  exert  an  influence  upon  the 
movement  of  highs  and  lows. 

6XAB0NAL  CONDITIONS  IN  CONNECTION   WITH   MOVEMENT  OF  HIQH8   AND  LOWS. 

A  definite  relation  between  the  routes  of  highs  and  lows  on  the  one  hand  and 
previous  and  ensuing  temperature  conditions  on  the  other  have  not  been  worked 
out  in  this  study.  However,  it  is  a  well-established  fact  that  when  lows  per- 
sistently pass  to  the  northward,  or,  In  other  words,  take  the  northerly  route, 
temperatures  above  normal  prevail,  regardless  of  the  season  of  the  year;  and 
when  lows  take  the  southerly  route,  the  months  or  seasons  are  cold.  Regard- 
ing the  movement  of  highs,  however,  the  response  Is  not  so  uniform  nor  as  direct. 
Northwest  highs  moving  southeasterly  to  the  Atlantic  coast  bring  the  sweeping 
cold  waves  of  winter  to  practically  all  sections  of  the  country  east  of  the 
Rockies.  When  these  highs  In  winter  pass  directly  eastward  with  their  centers 
noryi  of  the  lakes  or  over  the  northern  lakes,  the  temperature  In  the  lake  region 
and  Middle  West  generally  Is  above  normal ;  but  In  spring  and  summer  hfghs 
taking  a  similar  route  pro<luce  relatively  cool  weather. 

When  the  late  winter  Is  cold  and  spring  Is  retarded  the  rise  In  temperature 
of  the  water  of  the  lakes  Is  slow,  and,  as  a  consequence,  there  seems  to  be  a 
greater  tendency  for  highs  to  pass  across  the  lakes  and  lows  to  turn  from  their 
normal  course.  So,  when  a  spring  is  early  and  the  temperature  of  the  water 
rises  more  rapidly  than  usual,  the  converse  is  the  tendency ;  but  there  is  no  posi- 
tive rule  established  from  actual  records,  because  of  the  fact  that  so  many 
exterior  influences  are  at  work.  There  are,  however,  many  striking  instances 
of  this  lake  control,  which  time  will  not  permit  us  to  enumerate  here  to-day. 

The  Chairman.  We  have  two  more  papers  to  hear  this  afternoon. 
We  will  now  listen  to  a  paper  on  the  "Duration  and  intensity  of 
tropical  rains,"  by  Prof.  O.  L.  Fassig,  of  the  United  States  Weather 
Bureau,  Baltimore,  Md. 
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TROPICAL  RAINS— THEIR  DURATION,  FREQUENCY,  AND  INTENSTTT. 

By  OLIVER  L.  FASSIG, 
Professor  of  Meteorology^  V.  8,  Weather  Bureau,  Baltimore,  Md. 

The  aim  of  the  following  discussion  is  to  determine,  by  accurate  measure- 
ments and  calculations,  the  duration,  frequency,  and  intensity  of  tropical  rains 
and  to  compare  the  results  obtained  with  similar  measurements  made  In  the 
middle  latitudes. 

For  this  purpose  a  representative  area  within  each  of  the  zones  was  selected 
in  which  accurate  and  detailed  observations  are  available  for  a  period  suffi- 
ciently long  to  establish  reliable  normal  values.  The  Tropics  are  represented 
by  the  Island  of  Porto  Rico,  in  the  West  Indies,  and  the  Temperate  Zone  by 
the  State  of  Maryland. 

Attention  is  also  directed  to  the  influence  of  topography  on  the  distribution 
and  character  of  the  rainfall  in  Porto  Rico,  and  to  the  relation  of  the  rainfall 
to  the  principal  conmierclal  crops,  namely,  sugar  cane,  coffee,  tobacco,  citrus 
fruits,  and  pineapples. 

A.   DUBATION  OF  BAINS. 

Tropical  rains  are  of  short  duration,  compared  with  the  rains  of  middle  lati- 
tudes, owing  to  the  greater  freedom  from  cyclonic  storms  in  the  Tropics.  The 
duration  of  rains  at  San  Juan  is  less  than  an  hour,  while  at  Baltimore,  Hd., 
it  is  about  eight  hours.  The  tropical  rains  are  of  fairly  uniform  duration  in 
all  months,  while  in  the  high  latitudes  the  winter  rains  last  decidedly  longer 
than  those  of  the  summer  months.  At  Baltimore  rains  of  the  colder  half  year 
continue  about  10  hours  and  those  of  the  warmer  months  less  than  4.  The 
explanation  of  this  difference  in  duration  is  found  in  the  greater  frequency 
of  the  cyclonic  storms  of  the  winter  season.  The  rains  of  the  Tropics  closely 
resemble  the  summer  rains  of  the  middle  latitudes  during  a  spell  of  unsettled 
weather.     (Table  1  and  fig.  1.) 
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Fig.  1. — Average  duration  of  rains  (in  hours  and  minutes)   at  Balti- 
more, Md.,  and  nt  San  Juan,  Porto  Rico. 
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Table  1. — Duration  of  rainfall  {in  Tumrs  and  minutes). 
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The  duration  and  character  of  rains  is  shown  in  an  unusual  manner  by  the 
use  of  what  may  be  termed  *'  rain  autographs.*'  These  are  automatic  records 
made  by  the  rain  drops  falling  upon  specially  prepared  sheets  of  paper  cover- 
ing a  revolving  drum,  the  drum  being  under  cover,  with  the  exception  of  a 
small  aperture  in  the  top  of  the  cover. 

The  records  show  not  only  the  time  of  beginnings  and  endings  of  the  lightest 
rain^,  but  their  frequency  and,  in  a  rough  way,  their  intensity.  (Fig.  2 A  and 
2B.) 

Duration  of  excessive  rains. 

On  comparing  what  are  officially  designated  as  excessive  rains,^  it  is  found 
that  their  duration  is  greater  in  the  Tropics  than  in  the  higher  latitudes.  Tills 
is  shown  by  comparing,  for  instance,  the  average  duration  of  excessive  rains 
at  San  Juan,  P.  R.,  and  at  Baltimore,  Md.  The  comparison  covers  a  period  of 
10  years  (1894  to  1903)  at  Baltimore  and  of  12  years  (1899  to  1910)  at  San 
Juan,  and  includes  all  of  the  rains  of  the  respective  periods  classed  as  excessive 
by  the  Weather  Bureau.  The  average  duration  of  excessive  rains  at  San  Juan 
is  85  minutes  and  at  Baltimore  20  minutes  (Tables  2  and  8). 


Table  2. — Average  duration  of  excessive  rains  (in  minutes). 
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Table  8. — Greatest  duration  of  excessive  rains  (in  minutes). 
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1  Precipitation  wlU  be  considered  exoessive  when  it  equals  or  exceeds  2.6  inches  (68.5  mm.)  in  24  oonsecu- 
ttve  hoars,  or  1  inch  In  1  hoar. 
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Pi<].  2 A. — "  Bain  autographs  *'  or  automatic  records,  sbowing  the  duration  and  Intensltj 
of  rainfall  at  Baltimore,  Md.  (Subdivisions  in  the  diagrams  represent  hour  interrali. 
The  hourly  amounts  of  rainfall  are  indicated  in  hundredths  of  an  inch  by  the  small 
figures  within  the  spaces.  A  trace  of  rainfall  is  indicated  by  T.  See  text,  "  Duration 
of  rains.") 
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Fio.  2B. — "  Bain  autographs  "  or  automatic  records  of  rainfall  at  San  Juan,  Porto  Bico,. 

showing  the  duration  and  intensity  of  rainfall.     (Subdivisions  In  the  diagram  represent 

hour  intervals.     The  total   precipitation  during  the   12-hour  periods  is  indicated  in 

inches  and  hundredths  at  the  right.     See  text,  "  Duration  of  rains.*') 
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B.   FREQUENCY  OF  RAINS. 

Rainfall  frequency  is  so  largely  a  matter  of  local  topography  that  it  Is  a 
difficult  matter  to  make  a  comparison  which  will  fairly  represent  the  dilterence 
between  the  Tropics  and  the  middle  latitudes  in  this  respect  The  average 
monthly  and  annual  number  of  days  with  rain  for  the  entire  island  of  Porto 
Rico  Is  compared  with  that  of  the  entire  State  of  Maryland.  In  both  cases 
the  numbers  represent  the  average  of  about  40  stations  for  a  period  of  15  to  20 
years. 

The  value  of  such  a  comparison  Is  of  course  largely  dependent  upon  the 
representative  character  of  the  region  selected.  Both  regions  show  a  fairly 
even  distribution  of  rainy  days  through  the  year.  The  greater  frequency  of 
rains  In  the  tropical  region  is  to  be  expected,  owing  to  a  higher  mean  tempera- 
ture and  humidity.    (Tables  4  and  5.  and  fig.  3.) 

Table  4. — Total  frequency  of  rains. 
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Fig.  8. — Hourly  rainfall  frequency,  per  annum,  at  Baltimore,  Md.,  and 
at  San  Juan,  Porto  Bico. 

Table  5. — Frequency  of  stated  amounts  of  rainfaU. 
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In  comparing  the  frequency  of  excessive  rains  we  find  a  much  greater 
diiference.  For  example,  during  a  12-year  period  (1899-1911)  at  San  Juan 
there  were  193  excessive  rains  as  compared  with  78  at  Baltimore  during  a 
period  of  10  years.  Allowing  for  the  difference  of  two  years  in  the  periods,  the 
frequency  at  San  Juan  is  more  than  double  tliat  at  Baltimore. 

The  distribution  through  the  year  is  more  uniform  in  the  Tropics  than  in  the 
middle  latitudes;  in  the  latter  zone  the  excessive  rains  are  confined  almost 
entirely  to  the  summer  months.  The  influence  of  the  hurricane  season  is 
clearly  shown  in  the  figures  for  July  to  November  in  the  Tropics.     (Table  6.) 


Table  6.— Average  frequency  of  excessive  rains. 
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Frequency  of  stated  amounts  of  rainfall. 

A  matter  of  very  great  moment  in  agricultural  pursuits,  the  importance  of 
which  is  generally  overlooked,  is  the  frequency  of  stated  amounts  of  rainfall 
and  their  distribution  through  the  year.  Frequ^it  moderate  rains  are  generally 
more  favorable  for  plant  growth  than  heavier  rains,  assuming  equal  total 
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Fio.  4. — Frequency  per  annum  of  stated  amounts  of  rainfaU  at  selected 
localities  in  Porto  Rico  and  at  Baltimore,  Md.  (The  smaU  figures 
at  tlM  base  of  the  diagram  show  amounts  of  rainfall  In  hundredths 
of  an  Inch.) 
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amounts  for  the  year.  There  is  a  wide  range  in  the  frequency  of  rains  of  0.01 
to  0.10  inch  in  Porto  Rico,  a  condition  which  is  probably  common  to  all  regions 
with  pronounced  differences  in  toi)ography.  As  the  amounts  grow  larger  the 
range  rapidly  decreases  (fig.  4). 

The  best  and  most  extensive  tobacco  plantations  of  Porto  Rico  are  situated 
in  the  portion  of  the  island  having  the  greatest  number  of  light  rains,  with  a 
total  annual  amount  close  to  the  average  for  the  entire  island.  The  station  at 
Caguas,  typical  of  this  region,  shows  a  record  of  160  days  with  rainfall  from 
0.01  to  0.10  inch,  with  a  total  annual  frequency  of  202  days  and  a  total  rainfall 
of  68  Inches. 


MOT. 

3  AM. 

6  AM.        9  AM.        NOON 

3  P.M. 

%P3L 

9  P.M. 

MO 

MSL 

3 

rv- 

>^ 

V  y 

^^ 

N 

N    JUAN 

r 

M 

N^ 

1 

\a^ — 

-^ 

BALTl 

MORE 

^ 

S*/^ 

0 

F 

Fl«.  5. 


of  average  hourly  rainfalU  per  annum,  at  Baltimore, 
Md.,  and  at  San  Juan.  Porto  Rico. 

In  the  mountains  of  the  western  portion  of  the  island,  a  region  noted  for  the 
abundance  and  fine  quality  of  its  coffee,  the  rainfall  is  very  heavy.  A 
peculiarity  of  the  rains  of  this  region  is  that  they  show  a  maximum  frequency 
of  amounts  between  0.20  and  0.30  inch,  whereas  the  usual  record  shows  a  very 
decided  pre^nderance  of  amounts  less  than  0.10  inch. 

C.  INTENSTTT  OF  RAINFALL. 

A  comparison  of  excessive  rates  of  rainfall  at  San  Juan  and  at  Baltimore 
reveals  some  interesting  facts.  The  heaviest  half-hour  rainfall  at  Baltimore, 
during  a  period  of  15  years,  shows  a  greater  intensity  than  the  heaviest  half- 
hour  fall  at  San  Juan  during  a  similar  period.  However,  the  Baltimore  rainfall 
in  question  continued  excessive  but  little  more  than  40  minutes,  while  at  San 
Juan  the  rate  was  excessive  for  1  hour  and  40  minutes. 


Pi«.  6. — Average  raintell,  In  hundredtha  of  an  inch,  on  days  with  rain,  in  Porto  Elco, 
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Still  more  surprising  are  the  curves  of  figure  7,  showing  the  average  values 
for  all  excessive  rains  at  Baltimore  and  at  San  Juan  for  a  period  of  10  years. 
The  curves  are  Identical  for  the  first  15  minutes,  after  which  the  San  Juan 
curve  drops  below  the  Baltimore  curve  and  continues  well  below  to  the  end  of 
the  excessive  rate  of  fall.  Again  the  San  Juan  rains  show  a  longer  period  of 
excessive  rates,  averaging  1  hour  and  20  minutes  for  Baltimore  and  2  hours  for 
San  Juan. 

Tabi^  7. — Average  hourly  amounts  of  rainfall  per  year  at  San  Juan,  P.  R,,  and 
at  Baltiinore,  Md,  {inches). 


Hour  ending— A.  M. 

' 

1 

3 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Noon. 

San  Juao 

0.70 
L87 

0.68 
2.17 

0.70 
2.33 

0.75  1  0.72 

0.84 

0.71 
2.61 

0.80 
132 

0.73 
2.13 

a94 
2.18 

1.04 
X90 

LIS 

Baltimore 

2.72  '  2-56  '  2-M 

S.10 

fiourendiog— P.  M. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Kdt. 

flan  Joan 

Baltimore 

1.66 
8.44 

1.19 
2.06 

1.32 
3.01 

1.32 
3.15 

1.28 
2.39 

1.44 
2.47 

1.45 
2.93 

1.26 
2.86 

0.99 
159 

0.05 
2.41 

0.77 
1.08 

0.89 
2.38 

Table  8. — Average  rainfall  on  days  unth  rain,  San  Juan,  P.  R.,  and  Baltimore, 

Md,    {Inches,) 


Jan. 

Feb. 

Mar. 

Apr. 

May.ljmie. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

Year. 

San  Juan 

Baltimore 

0.23 
0.26 

0.15 
0.32 

0.20 
0.31 

0.29 
0.29 

0.32  i  0.35 
0.30  1  0.37 

0.32 
0.41 

0.38 
0.38 

0.37 
0.41 

0.35 
0.30 

0.40 
0.30 

0.30 
0.29 

0.31 
0.32 

Table  9.- 

— Greatest  intensity  of  rainfall  at  San  Juan,  P.  R.,  and  at  Baltimore,  Md. 

Minutes. 


10 


30 


60 


120 


Greatest  precipitation  in: 

San  Juan,  P.  R 

Baltimore,  Md 

Rates  per  houn 

San  Juan 

Baltimore 


Inches. 
0.79 
0.80 

9.48 
9.60 


Inches. 
L02 
L35 

6.12 
8.10 


Inches. 
L31 
L92 

5.24 
7.68 


Inches. 
2.09 
2.75 

4.18 
5.50 


Inches. 
3.43 
2.87 

3.43 
2.87 


Inches. 
4.21 
2.87 

4.21 
L44 


Table  10. — Weight  of  rainfall, 
[A— Storm  of  Sept  6, 1910,  at  San  Juan,  P.  R.    B— Storm  of  July  12, 1903,  at  Baltimor^  Md.) 


Depth. 

Tons  per  acre. 

Duration. 

A 

San  Juan. 

B 
BalUmore. 

A 

San  Juan. 

B 

Baltimore. 

First  5  minutes 

InAes. 
0.08 
0.25 
0.40 
0.95 
1.71 
2.61 
3.96 

Inches. 
0.33 
0.98 
1.72 
2.69 

9 
28 
45 
107 
194 
206 
460 

37 

First  10  minutes 

HI 

F<rst  v^ mlnnt^ ,                    .  .        ,,  .. 

195 

First  30  minutes 

304 

Ff rst  4fl  mlnut^ , 

First  60  minutes 

First  80  minutes 
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Fio.  7< — ^BzceBdye  rainfall*  at  Balttinora,  Md..  and  at  Ban  Joan, 
P.  B.  (Tha  dotted  Une  Indicatea  ratea  eonaldeiad  *•  aiMaalfa "  bj 
tlie  U.  8.  Weatlier  Boreao.) 


Fio.  %4 — ^Porto  Rico  rainfall,  In  Incliea,  for  Noramber,  1900.  (A  wet,  atormj  month, 
A  raccenlon  of  pronounced  Hioea  and  Lowa  croawd  tba  North  Atlantic,  extending 
their  Influence  Into  the  Tropica^) 


68436— TOL  n— 17 80 


Digitized  by  VjOOQIC 


468       PROCEEDINGS  SECOND  PAN  AMEBICAN  SCIENTIPIO  CONGBESS. 
The  seasonal  dUtribution  of  rainfall  in  Porto  Rico. 

Accofnpnnying  charts  (figs.  10,  17,  18)  show  the  normal  nnnnal  distribution 
over  the  Island  and  the  distribution  during  a  dry  year  (1007)  and  during  a 
wet  year  (1901).  Tlie  strllcing  features  of  tlie  geograplilcal  distribution  are  the 
comparatively  light  rainfall  on  the  south  side  and  the  comparatively  heavy 
rainfall  thnmgh  the  center  of  the  Island.  This  distribution  is  readily  accounted 
for  by  the  topography  of  the  island. 
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Fio.  S. — ^Uaximvm  24-boQr  ntlnfalls  for  tbe  entire  island  of  Porto 
Blco,  for  Bad  Juan,  P.  B.,  and  for  Baltimore,  Ud. 
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PIS.  lOd — Monthly  amounts  of  rainfall  for  Porto  Rico,  1899  to  1914. 
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The  rainfall  of  November,  1901,  shown  In  the  iW!Companylng  map,  represents 
the  geographical  distribution  of  rain  during  a  mouth  of  frequent  heavy  rains 
associated  with  the  passage  across  the  North  Atlantic  of  several  well-developed 
cyclonic  and  an ticy clonic  areas,  and  points  to  one  of  the  most  prolific  causes  of 
heavy  rains  in  Porto  Rico,  next  to  the  passage  of  hurricanes  (fig.  8). 

Hurricanes  and  rainfall  in  Porto  Rico. 

The  heaviest  general  rains  of  the  island  are  associated  with  the  passage  of 
hurricanes  in  the  comparatively  rare  instances  in  which  the  center  of  a  tropical 
cyclone  or  a  secondary  development  therefrom  passes  over  or  very  close  to  the 
region  in  question.  The  only  exceptionally  severe  storm  of  this  character  in 
recent  years,  one  which  devastated  the  Island  to  an  unusual  extent, 'occurred 
on  August  8,  1809.  It  is  one  of  the  historic  storms  of  the  West  Indies.  The 
center  of  this  storm  passed  directly  across  the  center  of  Porto  Kico  from  east 
to  west,  and  the  rainfall  was  accurately  measured  by  trained  observers  all 
along  the  path  of  the  storm. 


ATLAjrnC  OCEAN 


vaopJi 


SAN  JUAN  BAR.  2»^0' 
8:30A.M. 


CABJBBSAy    SEA 


Fio.  11. — Rainfall  over  Porto  Rico  during  the  iwssage  of  the  hurricane  of  Aug.  5-0, 
1880.  (Successive  hourly  positions  of  the  center  of  the  storm  are  indicated  by  dots 
on  the  arrow.  The  distance  across  the  Island,  along  the  arrow.  Is  about  80  mUes. 
The  maiimnm  24-hour  rainfUl  was  28  Inches,  at  Adjnntas.) 

A  cross  section  of  the  storm  as  it  passed  over  San  Juan  was  shown  In  a 
diagram*  by  means  of  hourly  observations  of  all  the  principal  weather  condi- 
tions. The  rainfall  distribution  and  progressive  movement  of  the  storm  across 
the  island  are  shown  in  figure  11.  The  entire  path  of  the  storm,  from  its  incep- 
tion east  of  tlie  Windward  Islands  to  the  Florida  coast,  thence  northeastward 
along  the  Atlantic  coast  to  the  banks  of  Newfoundland,  was  shown  in  the 
chart  forming  Plate  XVIII  of  Weather  Bureau  Bulletin  X. 

The  weight  of  water  precipitated  upon  the  island  of  Porto  Rico  in  the  80 
hours  during  which  the  storm  prevailed  has  been  computed.  Basing  the  calcu- 
lations on  an  average  fall  of  10  inches  over  the  entire  island,  the  total  weight 
of  the  rainfall  was  approximately  2,802,920,000  tons,  equivalent  to  723,200  tons 
per  square  mile  or  1,113  tons  per  acre. 

>  See  Hurricanes  of  the  West  Indies,  by  O.  L.  Fftssig.  Washington,  1018  (W.  B.  Bull. 
X,  PL  XVI). 
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Fio.  13. — ^ATerage  anniiml  nlnfall  for  north  and  tovth  tUfli  of  tbo 
laUnd  and  lor  the  entire  laland,  18M  to  1»14. 


Fig.  18. — ^Distrtbutlon  of  the  normal  annual  rainfall  of  Porto  BIco,  In  Inches. 


Fio.  14. — ^Annual  rainfall  of  Porto  Bico,  In  inches,  during  1907 — a  dry  year. 
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Fie.  16. — ^Annnml  rainfall  of  Porto  Blco,  in  inches,  daring  1901-— a  wot  jear. 

Table  11. — Weight  of  rainfall  during  hurricane  of  Auguet  8,  1S99. 

ATerage  rainfall  over  entire  idand  (SO  hours) inches..  10 

Area  of  island square  miles..  8, 000 

Weight  of  a  sheet  of  water  10  inches  deep tons  per  acre..  1, 130 

Do tons  per  square  mile..  723,200 

Do tons,  whole  island..  2,002,920,000 

Depth  of  rainfall  over  center  of  island  (25  square  miles)  ..inches..  23 

Weight  of  23  inches  of  water tons  per  square  mile..  1, 603, 300 

Do tons  over  25  square  miles..  41, 584,000 

Tablb  ^.—Summary  of  roinfaU  data,  island  of  Porto  Rico. 


Ymt. 

Total 
ndnteU. 

Oreatest 

local 

annual 

lainflin. 

Least 

local 

annwftl 

rainftdi. 

Qreatmt 

ralniau 

in  34 

houn. 

Nnmber 
lain. 

1899 

IndUM. 
80.40 
77.62 
98.82 
82.65 
69.09 
76.13 
72.08 
6&30 
63.64 
66.96 
79.65 
66.83 
72.68 
69.26 
64.71 
67.74 

IndUM, 
140.06 
161.92 
168.96 
141. 17 
115.06 
131.01 
122.13 
107.03 

99.68 
107.11 
127.46 
107.64 
100.31 
121.73 

99.00 
138.60 

Indut, 
60.62 
39.89 
38.61 
46.06 
21.42 
86.00 
30.12 
20.86 
20.60 
29.70 
61.02 
23.98 
28.77 
86.83 
23.43 
1&83 

Incket. 
23.00 
12.23 
17.02 
9.06 
6.40 
6.00 
8.05 
8.48 
7.10 
6.88 
12.90 
1&22 
10.30 
10.72 
6.60 
10.70 

Deft. 
^^82 

1900 

172 

1901 

176 

1902 

166 

1903 

152 

1904 '...'.'.'.'/,'. 

ISO 

1905 

174 

1906 

159 

1907 

171 

1906 

172 

1909 

167 

1910 

101 

1911 

174 

1912 

100 

1913 

171 

1914 

161 

IfMOS 

73.16 

129.68 

32.60 

ia75 

167 
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Table  13. — Summary  of  rainfall  data  for  entire  island  of  Porto  Rico  (1809-19 H), 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Average  rainfeU  (Inches) 

3.68 
7.23 
L57 
8.10 

86.64 
0 

14 

17 
0 
L8 

2.52 

4.25 
.47 

4.55 
22.64 

0 
10 
14 

3 

L4 

3.87 
8.03 
L57 
0.32 

10.46 
0 

12 

18 
7 
2.0 

4.04 
7.71 
L22 

12.23 

26.21 
0 

11 

14 
6 
2.2 

7.43 
13.55 

4.11 
10.70 
33.80 

0 
14 
20 
10 

2.3 

6.88 

Greatest  monthly  rainfall  (indm) 

16.07 

Least  monthly  rain&U  (Inches) .  /. 

3.8S 

Gn»test  rain&ll  in  24  hours  (inches) 

Greatest  local  monthly  rainfeli  (inches).... 

Least  local  monthly  rainfall  (Inches) 

Average  number  of  days  with  rain 

0.08 
S3. 30 

0 

14 

Greatest  number  of  days  with  rain 

30 

Least  number  of  days  with  rain 

0 

Mean  departure  from  normal  rainfall 

3.8 

July. 

Aug. 

Sept. 

Oct. 

Nor. 

D«S. 

AnnittL 

Average  rainfall  (inches) 

Greatest  monthly  rainfaU  (inches) 

Least  monthly  rainlaU  (indies)... 

Greatest  rainfoU  in  34  hours  (inches). . . 
Greatest  local  monthly  laintell  (inches). 
Least  local  monthly  rainfall  (inches). . . 

Average  number  of  days  with  rain 

Greatest  number  of  days  with  rain 

I^east  number  of  days  with  rain 

Mean  departure  tiom  normal  rainfaU... 

6.32 
13.15 

4.30 
17.02 
33.58 

0 
15 
20 
11 

3.4 

7.77 
15.73 

4.98 
23.00 
38.22 
.32 
15 
10 
13 

3.3 

8.00 
1L56 
4.00 

18.22 
20.M 
.20 
16 
18 
14 
2.3 

8.80 
14.01 

5.37 
10.72 
28.41 
.87 
16 
30 
13 

2.8 

7.70 
13.67 

3.87 
13.00 
30.53 
.46 
15 
10 

0 

3.4 

5.06 
0.40 
L67 

ia56 

33.63 
0 

14 

31 
8 
3.5 

73.01 
03.81 
63.64 
33.00 

168.06 
18.83 

167 

183 

183 
10.8 

The  Chairmak.  I  regret  very  much  that  time  does  not  permit 
us  to  give  more  attention  to  these  very  interesting  and  valuable  pa- 
pers. I  think  we  can  spend  a  few  minutes  in  their  discussion.  We 
do  not  want  to  limit  the  debate  too  much. 

Mr.  Chubch.  I  should  like  to  ask  Prof.  Cox  the  reason  why  the 
Great  Lakes  do  not  freeze  over  in  the  winter. 

Mr.  Cox.  I  presume  because  the  winter  is  not  long  enough.  That  is 
the  only  reason  I  can  give.  It  is  an  actual  fact  that,  so  far  as  people  liv- 
ing in  the  vicinity  know,  Lake  Michigan  has  never  frozen  over.  Even 
when  the  ice  extends  for  miles  and  miles  around  the  southern  portion 
of  the  lake  a  good,  strong  southerly  wind  will  take  that  ice  away  in  a 
few  hours,  and  there  will  be  clear,  open  water.  I  can  not  state  posi- 
tively whether  Lake  Superior  has  ever  frozen  over  or  not 

Mr.  Henbt.  There  is  an  authentic  record  of  crossing  from  Thunder 
Bay,  on  the  north  shore,  to  Isle  Eoyale.  I  can  say  further  that  ice 
never  forms  in  Lake  Superior  until  January,  and  that  ice  forms  over 
the  western  portion  as  far  as  the  eye  can  reach. 

Mr.  Clayton.  The  whole  body  of  a  lake  must  fall  to  a  given  tem- 
perature before  freezing  takes  place  on  the  top.  Mr.  Fitzgerald  made 
a  very  careful  study  of  that,  and  he  found  that  the  temperature  of 
the  water  falls  to  39^,  when  it  begins  to  sink  until  the  whole  body  of 
the  lake  has  reached  a  temperature  of  39^.  Then  the  water  on  top 
falls  to  a  lower  temperature  and  ice  forms,  and,  as  it  becomes  lighter 
than  the  water  below,  it  stays  up ;  but,  as  I  say,  the  whole  body  of  the 
lake  must  fall  to  a  temperature  of  39^  before  freezing  can  begin; 
and  the  larger  the  body  of  water,  the  longer  it  takes  to  reduce  it  to 
that  temperature.     A  deep  lake  will  not  freeze  so  soon  as  a  shallow 
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one.  And  a  very  curious  fact  which  Mr.  Fitzgerald  brought  out  was 
that  the  whole  body  of  the  water  of  the  lake  turns  over  twice  a  year. 
"UTien  the  temperature  has  reached  39**  in  the  autumn  the  wind  com- 
ing from  any  direction  blows  it  to  the  opposite  shore.  The  whole 
lake  turns  completely  over,  and  the  algse  and  other  things  on  the 
bottom  come  to  the  surface.  Then,  as  summer  is  approaching,  the 
upper  waters  get  warmer  and  the  colder  water  stays  below.  As  win- 
ter approaches  the  colder  water  is  lighter  than  that  below,  and  so  the 
lake  can  only  turn  over  during  a  few  days  at  the  beginning  and  the 
ending  of  that  critical  period  when  the  whole  lake  is  at  the  tempera- 
ture of  89^.  That  is  the  time  when  they  have  the  most  trouble  from 
the  alga)  and  the  things  brought  up  in  the  water  from  the  bottom. 
They  did  not  know  for  a  long  time  just  why  that  was  so. 

The  Chairman.  If  there  are  no  other  matters  before  us,  the 
meeting  stands  adjourned  until  Monday  morning  at  9.80  o'clock. 
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Casnbgib  Institution, 
Monday  morning^  January  5, 1916. 

Chairman^  Chasles  F.  Masvin. 

The  meeting  was  called  to  order  at  9^0  o'clock  by  the  chairman. 

The  Chairman.  I  will  now  call  for  the  first  paper,  ^Climatic 
fluctuations  in  historic  times,''  by  Bev.  Antonio  Gal&n,  S.  J.,  of 
Woodstock  College,  Woodstock,  Md 

fluctuaaones  cum at0l66icas  en  los  tiempos 
histOricos. 

Por  ANTONIO  OALAN,  S.  J. 
Profesor  del  Woodstock  College,  Wooditoek,  Md, 

Nadle  im^e  poner  hoy  en  dnda  que  nnestro  planeta  ha  snfrido  camhloi 
dlmatoldgicos  de  gran  importanda.  Groelandia,  Eq[>i2berga  y  Alaska,  con 
•08  plantas  fMles  de  la  flora  terdarla,  nos  dlcen  que  durante  tH  perfodo  ter> 
dario  disfimtaban  de  on  dima  pareddoal  que  en  nnestros  dfas  goza  el  norte 
de  Italia. 

Sabemos  por  otra  parte  que,  durante  el  pertodo  i^adal,  una  capa  de  hlelo 
CQbrfa  el  norte  de  Europa  hasta  los  51*  N.  y  d  norte  de  America  hasta  los  40*  N. 
Has  atin ;  los  gedlogos  modemos  oplnan  qne  el  perfodo  gladal  no  consistld  en 
nna  sola  g]adad6n,  dno  qne  osdl5  con  perfodos  gladalea  e  interglaciales. 
Penck,  por  ejemplo,  ha  estndiado  y  discntldo  cnldadoaamente  la  snoeslto  de 
estos  perfodos  en  Espafia. 

Qne  la  distribnddn  de  los  elementos  climatoldgicos  en  nnestros  dfas  no  es 
del  todo  constante,  aparece  en  los  estndlos  qne  de  tiempo  en  tlempo  salen  de  los 
dlstlntos  Observatorlos,  y  en  los  qne  pneden  segnlrse  los  peqnetios  cambios 
qne  tlenen  Ingar  de  nn  aflo  a  otro  o  de  nna  a  otra  dtoida.  No  estA  mny  lejano 
d  dfa  en  qne  ce86  el  retroceso  de  los  ventlaqneros  de  los  Alpes,  y  en  nnestros 
dfas  se  estAn  notando  moylmlentos  locales  en  direcddn  contraria. 

Pero  ^qn^  dedr  de  ese  largo  intervalo  qne  nos  separa  de  la  Inderta  fecha  de 
los  perfodos  gladales?  La  gran  nntorldad  moderna  en  Ollmatologfa,  d  Dr. 
Jnllo  Hann,  escribe: 

La  cuesti6n  de  si  el  dima  ha  cambiado  o  no  en  los  tiempos  histdricos  ha  dado 
pie  a  numerosas  investigadones  y  discusiones,  pero  sin  resultado  dedsiva 
Frecuentemente  se  ha  crefdo  probar  sin  g^nero  de  dnda,  qne  el  clima  de  nna 
determinada  r<^6n  habfa  cambiado ;  pero  pronto  se  ha  visto  que  es  igualmente 
posible  probar  todo  1o  contrarlo.  Sin  embargo  este  problema  es  ann  discutible, 
y  la  comdn  afirmad6n  de  que  el  clima  no  cambia,  no  es  consecnencia  mAs 
legltima  de  los  hechos  hasta  ahora  conocidos,  que  la  opinion  contraria. 

Esiste  pues  nna  gran  lagnna  poco  explorada  atln  entre  las  peqnefias  variar 
dones  dlmatol^cas  de  nnestros  dios,  y  aqneUas  portentosas  yariadones  del 
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remoto  pnsado,  que  dleron  ortgen  a  Iob  perfodos  gladalea.  Y  sin  embargo,  es 
de  importancla  soma  echar  el  puente  que  pueda  salvor  esa  laguna.  El  mejor 
profeta  del  f uturo  es  el  pasado ;  y  nuestras  profecfas  serdn  tanto  mds  seguras 
cuanto  mAs  de  cerca  podamos  escuchar  la  vox  de  ese  profeta. 

En  1914  publlc6  el  Dr.  Ellsworth  Huntington,  Profesor  de  la  Unlversldad  de 
Yale,  su  notable  trabajo  "The  Climatic  Factor  as  Illustrated  In  Arid  America.** 
En  41  cree  haber  salvado  este  ablsmo  de  los  tlempos  hlst6rlco8. 

De  un  estudlo  detenldo  de  las  rulnas  que  se  encuentran  en  una  extensa 
Area  de  Arizona  del  Sur,  Nuevo  MCxlco,  Yucatfln  y  Guatemala,  parece  deduclrae 
que  el  cllma  de  estas  reglones  fu4  en  tlempos  hlst^rlcos  esendalmente  dlstlnto 
del  presente. 

Uno  o  dos  ejemplos  bastar&n  para  formarse  alguna  Idea  de  la  fuerza  de  los 
argumentos  del  Dr.  Huntington.  El  Cafi6n  Ghaco  estA  sltuado  en  el  extreme 
Noroeste  de  Nuevo  Mexico.  Unos  cuantoe  labrlegos  Indlos  cultlvan  el  fondo 
del  valle,  pero  con  blen  mezqulnoe  resultados.  Frecuentemente  ven  malo- 
gradas  sus  cosechas  por  falta  de  agua ;  y  cuando  el  mafz  logra  brotar,  no  pasa 
de  dos  o  tres  pies  de  altura,  a  no  ser  en  alios  extraordlnarlamente  favorables ; 
baste  dedr  que  en  los  pasados  10  6 17  afios  no  han  logrado  m&s  que  dos  cosechas 
regulares. 

Sin  embargo,  a  Juzgar  por  las  numerosas  rulnas  que  allf  se  encuentran,  no 
cabe  duda  que  poblaban  el  valle  en  el  pasado  gran  nthnero  de  aldeas,  sltuadas 
a  corta  dlstancla  unas  de  otras.  De  la  solldez  de  sus  edlfldos,  muchos  de 
ellos  de  pledra,  puede  conjeturarse  el  trabajo  que  supone  su  construcddn,  si 
se  tlene  en  cuenta  que  los  aborfgenes  de  Am^lca  desconocfan  las  herramlentas 
de  hlerro,  de  las  que  no  se  encuentra  rastro  alguno  en  las  rulnas. 

Que  estas  aldeas  fueron  ocupadas  largo  tlempo  es  evidente  a  Juzgar  por  la 
inmensa  cantldad  de  cascos  de  vaJUla  de  barro  que  por  todas  partes  se 
encuentran;  nl  es  probable  que  se  Impusleran  tanto  trabajo  en  edlflcar  sus 
vlvlendas  pueblos  que  pensaran  permanecer  no  m&s  que  temporalmente  en 
estas  reglones.  Hemes  de  conceder  pmr  tanto  que  en  este  valle  y  sus  alrededorea 
bubo  de  sustentarse  en  el  pasado,  afio  tras  afio,  lo  mlsnoo  en  tlempo  adverse  que 
fovorable,  una  densa  poblacl6n  de  varies  miles  de  personas,  donde  al  presente 
un  pufiado  de  Indlos  luchan  Ineflcazmente  contra  la  sequfa. 

Ck>mo  segundo  ejemplo  examlnemos  las  rulnas  de  Tablra,  conoddo  vulgar- 
roente  con  el  nombre  de  Gran  Qulvlra.  F.stdn  sltuada3  a  6.000  pies  sobre  el 
nlvel  del  mar,  en  la  parte  central  de  Nuevo  M^lco,  a  unas  65  mlllas  al  Sur- 
8udeste  de  Albuquerque.  Aquf  fu4  donde  los  mlsloneros  espafioles  establederon 
una  de  las  mils  floreclentes  mlslones,  hecho  de  dlffdl  expUcaddn  a  no  haber 
sldo  considerable  el  nttmero  de  naturales.  Esto  Indlcan  las  rulnas  de  los 
edlfldos,  construldos  en  su  mayorfa  con  bloques  aproxlmadamente  rectangu- 
lares  de  pledra  callza,  de  dos  plsos  muchos  de  ellos  y  algunos  probablemente  de 
tres.  Un  cdlculo  aproxlmado  Indlca  que  el  ntlmero  de  habltantes  pasaba  sin 
duda  de  mil. 

Cerca  de  estas  rulnas  exlste  al  presente  un  solo  rancho,  ocupado  l&nlcaroente 
en  tlempos  extraordlnarlamente  favorables,  cuando  es  poslble  algdn  cultlvo 
del  terrene.  A  unas  15  mlllas  mAs  ol  Norte  se  han  establecldo  reclentemente 
algimos  rancheros,  pero  su  estado  econ6mlco  es  blen  precarlo.  Alios  ha  habldo 
en  los  que  nlnguno  de  ellos  ha  podldo  cosechar  lo  sufldente  para  su  mezqulno 
sustento. 

Ahora  blen ;  si  tenemos  en  cuenta  que  los  aborfgenes  de  America  eran  en  su 
major  parte  agrfcolas,  la  consecuencia  parece  dara;  donde  al  presente  apenas 
pueden  sustentarse  dlez  personas  no  pudleron  sustentarse  miles  en  el  pasado^ 
a  CO  ser  que  el  terrene  fuese  menos  refractarlo  al  cultlvo,  lo  que  no  pudo  ten^r 
lugar  sin  que  el  cllma  fuese  esendalmente  dlstlnto  dd  actuaL 
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Pero  icQ&i  fu4  el  car&cter  de  estas  notables  var lactones  que  parece  ban 
tenldo  lugar  en  loe  tlempos  blst^rlcos?  ^Ha  venldo  empeorando  el  cUma  en 
estas  reglones  desde  los  tlempos  preblst6rico6,  o  ba  sldo  pulsatorlo  el  cardcter 
de  este  camblo?  Y  si  ^sto  es  asl,  ^ca&l  ba  podldo  ser  su  causa?  El  estudlo  de 
las  mlnas  no  parece  nos  pueda  dar  mucba  luz  sobre  este  particular. 

Reclentes  estudloe  sbbre  el  dlma  de  Asia  parecen  baber  demostrado  que  el 
dlma  de  aquella  regl6n  ba  estado  sonietldo  a  notables  cambioe  cllmatol6gicos 
de  cardcter  pulsatorlo  en  un  perlodo  de  2.500  alios,  desde  1200  A.  C.  a  1300 
D.  C.  Hoy  vemos  que  las  varladones  dUnatoldglcas  en  loe  E.  U.  de  America 
y  en  Europa  parecen  verlflcarse  simultdneamente ;  un  ejemplo  blen  reclente 
tenemos  en  el  verano  de  1911,  el  mds  caluroso  y  seco  que  durante  una  centurla 
■e  ba  reglstrado  en  los  E.  U.  y  que  vino  acompafiado  de  una  eztraordinaria 
sequla  en  Inglaterra.  De  aqui  podrlamos  tomar  pie  para  deduclr  que  las 
pulsadones  asUitlcas  repercutleron  en  Am^lca  durante  ese  largo  perfodo  de 
2.500  alios. 

Los  estudlos  del  Dr.  Huntington  sobre  las  t^rrazas  de  America  conflrman 
esta  hip6tesi8.  De  su  comporaddn  con  los  estudlos  de  Penck  sobre  las  de  Asia, 
se  deduce  que  las  terrazas  de  America  concuerdan  en  sus  caracteres  prlndpales 
con  las  asldtlcas,  y  que  las  de  fonnad6n  mds  modema,  que  no  pueden  pasar  de 
2.000  o  8.000  alios,  dan  sefiales  de  pulsadones  climatol6glcas. 

A  esta  misma  condusi6n  Uega  Mr.  Free  en  su  publlcad6n  "  Tbe  topograpblc 
features  of  tbe  desert  basins  of  tbe  United  States*'  donde  escribe:  **Toda  la 
historia  del  Lago  Otero  es  un  reglstro  de  grandes  y  continues  cambios  cllmato- 
Idgicos,  con  grandes  fluctuadones  Indicadas  por  las  varladones  del  gran  lago 
antiguo  y  sus  sedlmentos.  Sobrepuestas  a  estas  fluctuadones  aparecen  mucbas 
series  de  menores  pulsadones,  las  mayores  de  las  cuales  pueden  leerse  en  el  triple 
record  de  la  varlad6n  topogrdflca  del  lago,  dunas  y  arroyos.  ...  En  general 
puede  dedrse  que  la  cuenca  dd  Otero  presenta  la  dase  de  fluctuadones 
cllniatol6glcas  que  el  trabajo  de  Huntington  ba  demostrado  ser  tfplcas,  a  saber; 
grandes  pulsadones  de  largo  perlodo,  sobre  las  que  se  sobr^wnen  series  tras 
series  de  menores  pulsadones  de  amplltud  y  perfodo  decredentes.** 

Pero  lo  que  a  nuestro  Juldo  da  mds  soUdez  a  esta  bip6tesls  son  los  estudlos 
del  Dr.  Douglass,  Profesor  de  la  Unlversldad  de  Arizona.  El  Dr.  Douglass 
sospecbd  que  el  espesor  de  los  anlUos  que  Indlcan  el  desarrollo  anual  de  los 
drboles,  podria  guardar  relad6n  con  la  cantldad  de  lluvia  de  los  alios  corres- 
pondlentes.  Su  raclodnlo,  bablando  en  general,  parece  conduyente.  Los 
anIUos  que  Indlcan  el  desarrollo  de  un  drbol  mlden  su  allmentaddn;  ^sta  de- 
pende  en  gran  parte  de  la  bumedad  del  terrene,  sobre  todo  si  no  es  exceslva  y 
la  lucba  por  la  ezlstencla  es  en  el  drbol  mds  blen  contra  la  sequla  que  contra 
la  vegetad6n  que  le  rodea.  Por  lo  tanto,  los  anlUos  de  un  drbol  que  se  en- 
cuentre  en  estas  condlclones,  es  muy  probable  que  midan  de  algdn  modo  la  pre- 
dpltad6n  acuosa. 

Llevado  por  estas  Ideas  emprendl6  en  1901  sus  Investigadones  en  los  plnos 
de  Arizona  del  Norte.  La  ausenda  de  vegetad6n  de  otra  espede  y  la  naturaleza 
del  terrene,  en  el  que  los  drboles  son  eztraordlnarlamente  senslbles  a  la 
bumedad,  bacen  que  esta  regi6n  sea  espedalmente  favorable  para  esta  dase 
de  Investigadones. 

Despu^  de  la  esmerada  medlcl6n  de  los  anlllos  de  un  gran  ndmero  de 
drboles,  y  construlda  la  curva  que  representa  el  desarrollo  anual  para  un 
perfodo  de  40  afios  (1870-1910)  pasa  a  comparar  esta  curva  con  la  de  la 
varlad6n  anual  de  la  lluvia  en  Prescott  para  ese  mlsmo  perfodo,  y  con  la  de 
Flagstaff  para  un  perfodo  de  10  afios  (1000-1910).  La  concordanda  no  s61o 
en  la  forma  general,  slno  tambldn  en  numerosos  detalles,  liace  sumamente 
probable  que  eslsta  entre  estas  curvas  la  relad6n  que  se  busca. 
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La  carra  m&s  Importante  prcacntada  por  ti  Dr.  Dooi^an  es  la  de  Flag^ 
■taff,  que  ae  eztlende  a  un  pertodo  de  600  afios  (1400-1900).  En  ^la  ae 
deatacan  trea  notablea  oacilacionea  cod  qd  perfodo  de  190  afioa;  oadlactonea  da 
menor  Importancia  aparecen  cod  perfodoa  de  11,  21  y  88.8  afioa. 

La  cooaecaeDcia  principal  que  poede  dedudrae  de  eata  corva  es,  que  al 
admitimoa  que  aua  osdlacioDea  correspoodeD  a  caml>ioa  cliniat<^6glcoa,  hemoa 
de  admltir  la  exiateDcia  de  notables  pulaadoDea  cUmatoldgicaa  eD  los  tiempoa 
hiat^ricos. 

El  eatndlo  de  los  diveraoa  dcloa  ae  prestarla  tambl^  a  iDtereaante  dlacosidn. 
Aaf  por  ejemplo ;  el  ddo  de  11  aflos  aparece  en  la  corva  eD  una  extenaidn  de 
400  afioa.  Gomparflndole  con  la  corva  de  las  manchaa  aolarea,  ae  advierte  ona 
conoordanda  notable*  tanto  mAs  signiflcativa  coanto  que  no  ha  mocho  ae 
halld  en  Eberawalde  (Alemania)  ona  concordanda  aorprendeote  entre  la 
corva  del  deaarroUo  de  loa  Arboles  y  la  de  las  Pianchaa  aolarea  en  el  perfodo 
de  80  afios  (1880-1910).  Estas  concordandaa,  si  Ilegaran  a  conflrmarae,  Indi- 
carfan  qoe  las  manchaa  aolares  afectan  al  deaarrollo  de  loa  Arboles  por  medio 
de  laa  variadones  qoe  parecen  intrododr  en  los  elementos  dimatoldgicos. 

(2oe  laa  variadones  de  estas  corvaa  obedeeen  en  gran  parte  a  las  varia- 
dones de  homedad  parece  estar  probado  por  nomerosas  comprobadonea,  de 
las  qoe  solo  dtaremos  ona,  por  la  manera  pecoliar  en  qoe  vino  a  encon- 
trarae  ona  coroprobaddn  mAa,  donde  al  pareoer  se  presentaba  ona  contra- 
dlcddn. 

Las  corvas  qoe  representan  el  desarrollo  de  loa  pinos  amarillos  en  Noevo 
Mexico  e  Idaho,  para  el  perfodo  1000-1900,  presentan  osdladones  dlametral- 
mente  opoestas.  Donde  la  ona  sobe  a  on  m&ximo  aparece  on  mfnimo  en  la 
otra,  y  viceversa,  con  la  particolarldad  de  qoe  la  importanda  relativa  de  estas 
faaea  es  la  misma  en  ambas  corvas.  Foes  blen :  comparando  la  corva  de  llovia 
para  dnco  eatadones  de  Idaho  con  la  de  siete  estadonea  de  Noevo  Mexico  en  el 
perfodo  1894-1907,  apareci6  qoe  dnicamente  en  coatro  caaoa  ondolan  las 
corvas  en  la  mlsma  direcd6n ;  en  todo  lo  reetante  del  perfodo  las  ondoladones 
son  completamente  opoestas.  Tal  cofncidenda  con  laa  corvas  del  desarrollo 
de  los  drboles  en  ambas  regiones  no  parece  ser  fortoita. 

Por  este  mismo  m4todo  se  han  estodiado  corvas  para  otroa  niodios  pontes  de 
los  B.  U.  tan  apartados  coroo  Maine  e  Idaho,  Galifomia  del  Sor  y  Missoori,  y 
de  so  discosi6n  cre^nos  qoe  el  Dr.  Hontington  poede  dedodr  Idgicamente  la 
consecoenda  de  qoe  d  desarrollo  de  loa  Arbolea  parece  estar  caracterizado  en 
los  B.  U.  por  largos  e  importantes  ddos  de  on  perfodo  de  100  o  200  afios,  qoe 
afecta  todns  las  partes  de  esta  regidn.  Fendmeno  qoe  cobre  ona  Area  tan  ez- 
tensa  no  parece  qoe  poeda  deberse  a  otra  caosa  qoe  a  cambioa  de  dima. 

Vamos  a  terminar  el  estodio  de  este  interesante  m4todo  con  la  qoe  a  noestro 
Joicio  es  la  miia  importante  de  las  corvas  segon  41  constmidas.  Ea  la  qoe 
estodia  para  on  perfodo  de  8,000  afios  el  desarrollo  de  la  Seqooia  Waahing- 
toniana,  &rbol  gigante  ezclosivo  de  California.  En  pleno  desarrollo  miden  estos 
ftrboles  on  dldmetro  de  25  d  80  pies,  y  llegan  a  ona  altora  de  800;  a  25  pies 
de  la  copa  el  diAmetro  del  tronco  es  adn  de  onos  10  d  12  pies.  So  edad  es  adn 
mAs  sorprendente  qoe  so  tamafio;  no  poede  decirse  qoe  este  Arbol  lia  llegado 
a  la  vejez  si  no  coenta  17  6  18  centorias.  En  so  estodio  el  Dr.  Hontington 
contd  los  anillos  de  79  Seqooias  qoe  pasaban  de  2,000  afios,  los  de  tres  qoe 
pasaban  de  los  8,000,  y  de  una  de  8,210.  FAdlmente  se  ve  que  un  Arbol  de  estas 
cualidades  se  presta  como  ninguno  para  el  estudio  del  paaado.  Antes  de 
comenzar  sus  estodios  en  AmMca  habfa  poblicado  el  Dr.  Hontington  en  so 
obra  **  Palestine  and  its  Transformation  '*  onaxorva  basada  en  dates  histdricos 
y  geoldgicos  para  el  estodio  de  las  variadones  dimatoldgicaa  del  Asia,  que 
cobre  el  mismo  perfodo  de  8,000  afios. 
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Aporecen  alganas  dlscrepandiis  notables  en  alios  para  los  que  el  trasado  de 
la  cunra  asi&tlca  es  flctlcio  a  causa  de  la  ausencia  de  datos ;  pero  el  hecho  de  que 
las  ondulaclones  generales  de  las  curvas  concuerdan  esencialmente  en  una  ex- 
tension de  mils  de  2^200  afios,  da  pie  para  Juzgar  que  las  prlndpales  pulsaciones 
climatoI6gicas  de  las  partes  central  y  occidental  de  Asia  concuerdan  con  las 
de  la  misma  latitud  en  el  Oeste  de  AmMca.  SI  esto  es  asf  parece  podemos 
ll^sar  a  la  Importante  conclusldn  de  que  las  regiones  continentales  que  tlenen 
ia  misma  latitude  y  gozan  en  las  distintas  estadones  de  una  misma  distribucidn 
de  Uuvla,  han  pasado  simult&neamente  por  pareddas  fluctnadones  dimatol6- 
glcas,  mientras  que  camblos  correspondientes,  aunque  no  de  la  misma  na- 
turaleza,  se  Terlficaban  en  otras  latitudes,  lo  que  haoe  8oq;>echar  que  estos 
cambios  han  podldo  deberse  al  deq>lazamiento  de  las  zonas  cllmatol6gicas  de 
onestro  planeta. 

Veamos  breTemente  qu6  grado  de  probablUdad  puede  concederse  a  esta 
bip6te8is.  Es  bien  sabido  que  las  lluvias  en  los  E.  U.  provienen  en  su  mayor 
parte  de  tormentas  de  cardcter  dd6nlco.  El  curso  de  estas  tormentas  estA 
determinado  por  la  poslddn  de  las  Areas  mils  o  menos  permanentes  de  alta  y 
baja  presidn. 

El  enfrlamlento  de  los  contlnentes  es  en  inviemo  mAs  rApido  que  el  de  los 
mares.  Entonces  es  cuando  la  diferenda  de  presldn  entre  los  B.  U.  y  el 
Atl&ntioo  del  Norte  Uega  a  su  mAzimo,  las  pendlentes  barom^trlcas  son  m&s 
pronundadas,  en  la  parte  central  del  continente  aparece  una  Area  permanente 
de  alta  presidn,  y  las  tormentas,  que  en  distintas  condidones  pasarian  del 
Pacffico  al  AtULntlco  sin  notable  desviacito  en  su  curso,  se  yen  forzadas  a  cruzar 
por  mils  bajns  latitudes. 

Segdn  esto  bastaria  admitir  que  en  6pocas  rttnotas  de  los  tlempos  blstdrlcos 
exlstfan  iireas  permanentes  de  alta  presidn  en  latitudes  mils  bajas  que  las  que 
boy  ocupan,  para  comprender  c6mo  las  tormentas  de  los  B.  U.  pudleron  Invadir 
en  esta  ^poca  mils  baJas  latitudes  que  las  que  hoy  crusan,  favoredendo  con 
abundantes  UuYias  las  hoy  ilrldas  regiones  del  Suroeste. 

Los  recientes  estudios  cUmatoU^gicos  Uevados  a  cabo  en  Asia  y  America, 
hacen  sumamente  probable  la  hipOtesis  de  que  los  cambios  climatol6gicoa  en 
los  tiempos  hlstdricos  fueron  del  mismo  cardcter,  aunque  no  de  la  misma  im- 
portancia,  que  los  del  perfodo  gladaL  Ahora  bien;  las  regiones  continentales 
en  estado  de  gladaddn  parecen  ser  el  asiento  de  Areas  permanentes  de  alta 
presi6n,  como  lo  indican  los  fuertes  y  continuos  vlentos  que  hoy  parten  del 
continente  Antdrtlco. 

En  una  4poca  de  gladad6n  nrfyima,  una  Area  de  alta  presi6n  podrfa  cubrlr 
durante  todo  el  afio  buena  parte  de  la  region  Nordeste  de  los  E.  U.  Las  pendlen- 
tes barom^tricas  serfan  mils  escarpadas,  aumentando  de  este  modo  la  fuersa 
de  los  vlentos  y  el  ndmero  de  tormentas,  que  habrfan  de  segulr  m&s  bajas 
latitudes. 

Que  esta  hip6tesls  no  carece  de  probabilidad,  se  desprende  de  las  redentes 
investigadones  del  Dr.  Huntington  sobre  la  peninsula  de  Yucatdn  y  regiones 
drcuuTednos.  Aqui  Tivieron  y  progresaron,  como  pocas  razas  ea  la  historia 
de  las  naciones  han  progresado,  los  antiguos  Mayas,  que  nos  han  dejado 
profundamente  marcados  en  las  maravillosas  ruinas  de  sus  dudades  y  t^nplos 
los  rasgos  de  una  sorprendente  actividad  intelectual  y  f isica.  Gran  ntlmero  de 
estas 'ruinas  se  levanton  en  medio  de  selvas  tropicales  de  Imposible  conquista, 
y  donde  reina  la  tan  teroible  flebre  malaria.  En  otro  tiempo  sin  embargii 
fueron  el  centro  de  asombrosa  dvilizaddn,  que  en  ellas  hubo  de  desarrollarse 
centurla  tras  centuria.  Lo  que  rods  llama  la  atend^n  en  estas  ruinas  es  no  s6]o 
su  ntkmero,  su  tamaflo  y  su  solidez,  sino  mds  adn  la  originalidad,  variedad  y 
delicadeza  de  su  omamentad6n.     Ellas  nos  dicen  que  los  antiguos  yucatecos. 
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8ln  el  aoxilio  de  herramlentas  de  hlerro/que  si  es  cierta  sa  hlstoria  del  todo 
desconocfan,  trabajaron  geDeraddn  tras  generaci6n  en  levantar  templos  y 
ciudades,  coyas  tulnas  son  l&nlcamente  sobrepujadas  por  las  de  la  antigoa 
Grecla. 

Palenque  en  el  Estado  de  Chiapas,  y  Tikal  en  Guatemala,  enderran  en  medio 
de  las  mils  densas  selvas  que  se  conocen,  magnificas  rulnas  con  macizos  muros 
y  Cfilumnas  de  pledra,  labrados  con  exqulsito  esmero.  Solo  grandes  dudades, 
habltadas  largo  tiempo  por  densa  poblad6n  pudieron  dejar  tales  rastros ;  y  esta 
pobIacl6n  bubo  de  ser  en  alto  grado  laboriosa  y  activa. 

Hoy  la  selva  con  su  temperatura  igual  y  eneryante,  su  humedad,  sns  flebres 
y  su  esuberante  vegetacidn  pone  un  dique  Infranqueable  a  su  conqulsta.  iQoA 
clase  de  dima  gozaban  en  otro  tiempo  los  habitantes  de  estas  regiones?  No  es 
aventurarse  mucho  decir  que  de  seguro  era  menos  enervante  que  al  presente, 
menos  caluroso,  menos  htlmedo,  y  que  por  tanto  no  s61o  impedia  el  brote  de  la 
inculta  selva,  sino  que  comunicaba  actlvidad  y  vigor  a  los  que  en  ^1  vivfan. 
fisto  supuesto,  veamos  si  la  teorfa  del  desplazamiento  de  las  conas  dlmato- 
16gicas  pudo  dar  este  resultado. 

Si  las  tormentas  que  hoy  cruzan  los  E.  U.  fueron  empujadas  hacia  el  Sur 
por  las  altas  presiones  del  Norte,  Yucatdn  y  los  estados  adyacentes  gozarfan 
del  dima  variado  y  estimulante  que  hoy  reina  en  la  parte  central  de  America 
del  Norte.  Los  vientos  allsios,  que  soplando  continuamente  del  mar  inroducen, 
en  comblnaci6n  con  las  bajas  presiones  ecuatoriales,  lluvias  abundantes  en  todas 
las  estadones  del  afio,  no  podrfan  subsistir  sino  en  mds  baJas  latitudes.  La 
estaci6n  seca  seria  por  tanto  m&s  prolongada  e  intensa,  la  temperatura  mds 
baja,  y  el  clima  en  general  mds  vigorizador  y  variado. 

Ocurrirfa  ahora  preguntar  cudles  pudieron  ser  las  causas  que  dieron  lugar 
a  este  desplazamiento  de  las  zonas  climatol6gicas ;  pero,  dados  los  estredtos 
Ifmltes  de  este  discurso,  hemos  de  terminar  aqui.  No  quisl^ramos  sin  oubargo 
omitlr  una  observacidn  acerca  del  m^todo  del  Dr.  Douglass. 

La  gran  diflcultad  en  estudiar  las  reladones  entre  los  distlntos  elementos 
climatol6gicos  en  las  diversas  regiones  estd  prindpalmente  en  que  apenas  si  se 
encuentran  registros  de  observaciones  meteoro16gicas  que  cubran  mds  de  una 
centuria.  Ahora  bien :  en  el  estudio  de  las  curvas  del  desarrollo  de  los  drboles 
hemos  visto  que  el  perfodo  de  las  mds  importantes  pulsaciones  escede  este 
ndmero  de  afios.  Por  tanto  parece  esendal  que  busquemos  registros  de  obser- 
vaciones de  largo  perfodo,  si  queremos  formamos  alguna  idea  de  los  cambios 
climato16gicos  del  pasado,  y  acercarnos  mds  de  este  modo  al  conodmiento  de  las 
causas  de  los  cambios  presentes,  y  a  la  predicd6n  de  los  futuros. 

Esta  es  la  raz6n  porqu^  los  estudios  de  los  Drs.  Huntington  y  Douglass  han 
llamado  particularmente  nuestra  atenddn.  Si  hdbiles  investigadores  dentfflcos 
se  animaran  a  adoptar  estos  m^odos  modernos  en  diversas  regiones,  unos 
cuantos  aQos  bastarfan  para  la  construcd6n  de  curvas  que  cubrieran  un  perfodo 
de  800  6  400  afios  al  menos,  en  las  principales  regiones  del  globo.  La  com- 
parad6n  de  la  tSltima  parte  de  estas  curvas  con  los  records  de  los  distlntos 
obser\'atorio6  harfa  ver  qu6  condiciones  dimatol6gicas  favorecen  o  impiden  el 
desarrollo  de  los  drboles,  y  quizd  pudiera  determinarse  qu4  dase  de  desarrollo 
corresponde  a  afios  de  tfpicas  condldones  climatol6gicas. 

Notemos  ademds  que  los  drboles  en  su  desarrollo  integran  los  efectos  de  las 
variadones  de  los  distlntos  elementos  cllmatol6gicos  sobre  la  vegetiiddn. 
Pudiera  pues  Uegarse  a  tener  combinados  en  una  cnrva  los  efectos  de  los 
distlntos  elementos  climatol6gicos  en  la  vegetaddn,  lo  que  varias  veces  se  ha 
intcntado  con  mezqulnos  resultados. 

Hemos  visto  que  en  las  curvas  aparecen  perfodos  bien  marcados  en  las 
variadones  dimatoldgicas.    El  estudio  de  muchas  mds  curvas  en  las  diversas 
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regiones  ayndarla  probnblemente  a  ifclarar  este  interesante  pnnto  de  la  cllmnto- 
logfa  moderna,  y  un  conoclmiento  de  los  pecuUnres  caracteres  de  estos  clclos 
68  dare  que  serf  a  factor  Inestimable  en  la  predl€ci6n  del  futuro. 

£s  evidente  que  ^tas  y  otras  ventajas  de  este  estudlo,  sobi'e  las  que  se  podrfa 
especular,  son  nada  mds  que  posibilldades ;  pero  estas  poslbllldades  pnrecen 
bien  fundadas  por  los  resultados  obtenidos  hasta  el  presente,  y  no  creemoa 
pueda  tenerse  por  perdldo  el  trabajo  que,  sej^in  la  fellz  Gxpresi6n  del  Dr. 
Huntington,  pudiera  hacer  que  avanzi&ramos  un  paso  mds  en  este  maravllloso 
inmino  que  lleva  al  conoclmiento  de  la  que  algunos  llaman  Ley  del  Unlverso,  y 
otros  mds  profundos  pensadores  apelUdon  La  Ley  de  Dios. 

Chair^llx  Mabvin.  The  next  paper  is  by  Dr.  I.  "hi.  Cllne,  on 
^Temperature  conditions  at  New  Orleans,  as  influenced  by  subsur- 
face drainage.'' 


TEMPERATURE  CONDITIONS  AT  NEW  ORLEANS,  AS  INFLUENCED 
BY  SUBSURFACE  DRAINAGE. 

By  ISAAC  M.  CUNB, 
District  Forecaster,  United  8tates  Weather  Bureau,  New  Orleans,  La, 

New  Orleans,  situated  as  It  Is  near  the  center  of  the  great  delta  of  the 
Mississippi  River,  Is  admirably  located  for  the  study  of  the  subject  under  con- 
sideration, because  decided  changes  in  physical  conditions  have  been  brought 
about  artificially,  commencing  about  15  years  ago.  When  the  subsurface 
drainage  of  New  Orleans  was  planned  and  carried  Into  effect  the  probability 
that  the  climate  of  the  locality  might  be  influenced  was  not  taken  into  consid- 
eration. However,  the  frequent  occurrence  In  recent  years  of  high  tempera- 
tures, which  general  meteorological  conditions  as  shown  on  the  weather  map 
did  not  account  for,  has  suggested  a  study  of  the  causes  wlilch  might  be  re- 
sponsible for  tlm  Increased  frequency  of  the  occurrence  of  high  temperatures. 

NATUBAL   PHYSICAL   CONDITIONS   IN    AND   AB0X7T   NEW    OBLBAN8. 

For  many  years  portions  of  the  waters  of  the  Mississippi  River  found  their 
way  to  the  Gulf  through  Manchac  Bayou,  Lake  Maurepas,  Lake  Ponchartraln, 
and  the  Rigolets  into  Lake  Borgne  and  Into  Misslssii^l  Sound,  tlirough  the 
Atchafalaya  Bay  by  way  of  the  river  of  the  same  name,  and  througli  many 
other  smaller  bayous  traversing  both  the  east  and  west  portions  of  the  delta 
and  disdmrging  Into  the  Gulf  of  Mexico.  The  extension  of  the  levee  system 
has  gradually  closed  all  of  these  outlets  to  the  Gulf  except  those  through  the 
Atchafalaya  and  the  Mississippi  River  proper.  The  latter  passes  through  New 
Orleans,  being  In  places  more  than  100  feet  in  depth,  and  winding  Its  way  In  a 
serpentine  manner  to  the  Gulf  of  Mexico,  covering  about  100  miles  in  its 
course.  The  closing  of  the  outlets,  while  they  reduced  the  area  of  surface 
water  to  some  extent,  left  their  old  channels,  which  are  wide  and  in  many 
places  of  considerable  depth,  and  the  Gulf  water  in  large  quantities  backs  up 
through  these  Into  Lake  Ponchartraln  and  Lake  Maurepas,  to  the  north  of 
New  Orleans,  and  up  through  Barataria  Bay,  Little  Lake,  Lake  Salvadore,  and 
Lake  des  Allemands,  on  the  west,  forming  an  almost  complete  inclosure  of 
water  of  considerate  area  around  the  dtyt  which  for  many  years  spread  with 
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the  rite  of  the  tide  out  over  the  marshee,  frequently  to  a  depth  of  8  to  4  feet 
during  the  prevalence  of  easterly  winds.  The  coast  line  of  the  dtita  region  is 
very  irregular,  indented  by  numerous  bays,  and  is  cut  up  by  thousands  of  small 
lakes  and  bayous  into  a  labyrinth  of  peninsulas  and  islands.  The  general 
shape  of  the  coast  line  of  this  area  is  the  arc  of  a  circle  convex  to  the  Oul( 
the  radius  of  which  is  about  65  miles.  The  greater  part  of  the  land  is  marsh, 
the  fertile  alluvial  land  interq[>ersed  being  the  only  portion  not  subject  to  over- 
flow by  tidewater. 

In  conjunction  with  these  areas  of  water  and  the  marsh  land  frequently  cov- 
ered with  water  surrounding  New  Orleans,  the  elevation  of  a  considerable  area 
of  the  city  is  only  a  few  feet  above  tidewater.  Storm  and  other  waters  were 
carried  off  over  the  surface  of  the  ground,  and  the  ground  water,  under  normal 
conditions,  was  level  with  the  surface  of  the  soil,  all  of  which  combined  would 
give  insular  dimatic  conditions. 

niFLUEHCES  or  PHYSICAL  OOlfPrnONS  ON   THE  TEMFBtATUBX  QT  A  LOCALITT. 

So  that  we  may  better  understand  this  question  we  will  notice  briefly  the  vari- 
ations in  temperature  over  water  and  over  land  and  the  differences  in  the  effects 
resulting  from  radiation  ov^r  the  water  and  over  the  ground,  the  gain  and  loss 
of  heat  by  radiation  being  the  chief  fiactors  in  determining  the  temperature  of 
any  locality.  Dry  land  is  heated  much  more  rapidly  by  solar  radiation  than 
water,  the  spedflc  heat  of  water  being  much  greater  than  that  of  dry  land. 
Bqual  quantities  of  heat  acting  on  equal  areas  of  land  and  water  increase  the 
temi>erature  of  the  land  nearly  twice  as  much  as  th^  do  the  temperature  of 
the  water.  This  does  not  take  into  consideration  the  fact  that  an  increase  in 
the  temperature  of  the  water  is  further  lessened  to  a  material  degree  by  the 
evaporation  from  the  water  surface,  thereby  rendering  latent  a  large  amount 
of  the  heat  received  from  solar  radiation.  Solar  radiation  penetrates  the  water 
to  a  depth  more  than  ten  times  greater  than  it  does  the  ground  and  at  the 
same  time  the  water  surface  is  heated  to  a  much  less  degree  than  the  surface 
of  the  ground.  Water  in  turn  gives  off  its  heat  to  the  atmosphere  by  radiation 
and  conduction  much  more  slowly  than  the  ground,  so  that  we  have  a  slow 
heating  up  during  the  day  and  a  slow  cooling  off  during  the  niglit  in  the  atmos- 
phere overlying  bodies  of  wat^  as  compared  with  a  rapid  heating  up  during  the 
day  and  a  cooling  off  during  the  night  over  the  land.  Water,  when  of  consider^ 
able  depth,  stores  up  a  much  greater  amount  of  heat  during  the  summer  and 
gives  it  off  much  more  slowly  during  the  winter  than  land,  and  we  have  lower 
day  and  higher  night  temperatures  and  lower  summer  maximum  and  higlier 
winter  minimum  temperatures  over  bodies  of  water  than  we  find  over  bodies  of 
land  in  the  same  latitudes.  It  is  not  necessary  that  the  ground  be  covered  with 
water  to  obtain  these  results  in  some  d^ree,  because  the  very  wet  soils  warm 
up  more  slowly  in  the  sunmier  than  dry  soils,  both  because  of  the  high  spedflc 
heat  of  the  water  contained  in  the  soils  and  the  effects  of  cooling  by  evapora- 
tion. The  records  at  New  Orleans  made  prior  te  1900  show  that  temperatures 
were  modlfled  to  a  great  extent  by  the  water  element  predominating  in  that 
locality. 

ABTinCIAL  CHANGES  IN   PHYSICAL  CONDITIONS  AT  NEW  OBLEANS. 

Physical  conditions  as  they  existed  in  New  Orleans  prior  to  1900,  with  the 
ground  water  level  with  the  surface  of  the  earth,  water  continually  flowing 
through  open  drains  on  each  side  of  the  streets  and  in  many  places  very  slug- 
gishly, and  ell  storm  water  carried  off  over  the  surface  of  the  ground,  not  only 
gave  a  bad  appearance  but  was  an  insanitary  condition  which  favored  the  breed- 
ing of  disease-bearing  mosquitoes  and  other  water  Insects.  The  foregoing  con- 
ditions, while  favoring  an  equable  climate,  were  not  conducive  to  healthfulness 
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and  bodily  comfort,  and  to  overcome  these  objectionable  conditions  a  tax  was 
levied  by  popular  vote  some  20  years  ago  to  raise  funds  with  which  to  obtain 
more  sanitary  conditions. 

Subsurface  dralnoge  was  commenced  in  1900,  and  an  immediate  result  was 
the  lowering  of  the  water  in  the  drainage  canals  8  to  10  feet  below  what  it  had 
been  previously,  tliereby  effecting  a  much  more  rapid  transfer  of  storm  and 
other  water  from  tlie  city  tlirough  the  drainage  system  into  Lake  Poncliartraln. 
Lateral  storm  drains  10  to  30  inches  in  diameter  connecting  the  various  por- 
tions of  the  city  with  tlie  drainage  canals  were  put  down,  and  at  the  close  of 
1914  there  were  in  operation  233  miles  of  lateral  drains.  The  operation  of 
sanitary  sewers  was  commenced  in  1908.  Prior  to  that  time  all  sewage  water 
was  discharged  into  wells,  one  or  more  to  each  residence  plat,  walled  up  and 
sealed  over  so  that  the  water  from  the  sewage  was  distributed  through  tlie 
soil  by  diffusion  and  gravity  and  carried  to  the  surface  with  the  level  of  tlie 
ground  water  then  existing.  There  are  now  in  operation  477  miles  of  sanitary 
sewer  mains,  and  12,000,000  to  15,000,000  gallons  of  ground  water  are  carried 
off  through  the  sewerage  system  daily,  in  addition  to  the  amount  carried  off 
through  the  extensive  and  complete  storm  drainage  sj'stem.  The  results  ob- 
tained may  be  summed  up  as  follows:  No  water  flows  in  the  open  gutters  on 
the  streets  as  formerly;  storm  waters  and  the  millions  of  gallons  of  water 
discharged  daily  into  the  sewer  wells,  to  spread  out  through  the  soil  and  main- 
tain a  high  ground  water  level,  now  go  out  through  the  drainage  and  sewerage 
systems ;  and  the  ground  water,  instead  of  being  level  with  the  surface  of  the 
earth,  is  6  to  8  feet  below  that  surface.  On  nearly  all  sides  of  New  Orleans 
large  areas  of  marshland  which  were  covered  the  greater  part  of  the  year  with 
tidewater  have  been  drained,  thereby  reducing  the  area  covered  with  water 
much  below  what  it  was  formerly.  All  things  considered,  we  have  here  an 
excellent  opportunity  for  studying  the  effects  of  such  artificial  changes  in  the 
physical  conditions  of  a  locality  on  its  temperature.  (For  plan  of  the  drain- 
age system  of  New  Orleans,  see  Chart  I.) 

HOW    SUCH   CHAIV0E8    SHOULD   AWBCT  TK1CPDIATUSB8. 

Reference  has  already  been  made  in  a  general  way  to  the  influences  of  water 
and  land  on  radiation  in  determining  the  temperature  of  a  locality,  but  we 
have  no  records  made  previous  to  the  observations  at  New  Orleans  to  indicate 
to  what  extent  the  removal  of  surface  water  from  a  considerable  area  will 
Influence  its  temperature  conditions.  However,  we  do  know  theoretically  that 
the  water  having  been  removed  from  a  considerable  area,  leaving  the  ground 
exposed  to  solar  radiation,  the  land  on  an  ideal  basis  would  heat  twice  as 
rapidly  during  the  day  and  would  cool  by  terrestrial  radiation  more  rapidly 
at  night  than  the  water  surface  did;  also,  on  the  approach  of  winter,  the 
ground  surface  would  cool  more  rapidly,  and  on  the  approach  of  summer  it 
would  heat  up  more  rapidly  than  the  water  surface  did.  We  also  know  that 
notable  differences  in  the  effects  produced  by  solar  radiation  and  terrestrial 
radiation  on  different  kinds  of  soils  have  been  found  to  exist,  giving,  under 
as  nearly  ideal  conditions  as  are  found  in  nature,  differences  in  temperature 
of  6  to  14*  in  localities  separated  by  only  a  few  hundred  yards.  Under  ideal 
conditions  we  should  find  a  decided  change  in  temperature  where  a  con« 
siderable  area  has  been  changed  from  a  water  surface  or  a  ground  surface 
saturated  with  water  to  comparatively  dry  ground.  But  we  do  not  And  ideal 
conditions  for  the  study  of  the  effects  of  solar  and  terrestrial  radiation  on 
atmospheric  temperature  in  nature,  and  eiq»ecially  they  are  not  to  be  found 
over  a  city. 
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Cloudiness  retards  cooling  from  terrestrial  radiation  at  nl^t  to  a  greater 
extent  than  it  retards  warming  np  from  solar  radiation  daring  the  day.  Over 
large  cities  smoke  and  dust  imrticles  suspended  In  the  atmosphere,  hundreds 
of  thousands  of  dust  motes  being  found  in  1  cubic  centimeter  of  air,  also 
retard  cooling  from  radiation  at  night  The  inflow  and  mixture  of  air  from 
surrounding  areas  also  play  their  part,  the  extent  and  influences  from  such 
sources  depending  on  the  direction  and  velocity  of  the  wind. 

Evaporation  being  an  Important  factor  in  retarding  a  rise  in  temperature 
firom  the  effects  of  solar  radiation  on  a  water  surface,  the  Influence  of  shallow 


SnVCRASe  AM  WWIXR  BOARO 

HCHVOMLOIMC.LA 

MAP 

CITYOr  ^WORLEANS 

SHOWINO 

SYSTEM  OF  SEWERAGE 

Dec  dlarlSl't 


'*r-Tr ' 


water  and  a  wet  soil,  such  as  prevailed  In  New  Orleans  prior  to  the  installa- 
tion of  subsurface  drainage,  would  be  much  more  pronounced  in  their  effects 
on  day  temperatures  than  on  night  temperatures  and  on  summ^  temperatures 
than  on  winter  temperatures.  Shallow  running  water  and  a  saturated  soil, 
while  preventing  a  material  rise  in  day  temperatures  as  the  result  of  radiation 
from  tlie  sun  during  warm  periods,  would  not  store  up  heat  to  materially 
influence  winter  or  night  temperatures. 

Briefly,  from  the  foregoing  we  expect  to  find  the  effects  of  any  Influences  on 
temperature  resulting  from  the  artiflcial  changes  in  physical  conditions  at 
New  Orleans  acting  in  a  more  pronounced  degree  on  day  tempenitures  In 
summer  than  on  night  and  winter  temperatures.     Maximum  temperatures 


Digitized  by  VjOOQIC 


ASTBONOMY,  HETEOBOLOQY,  AND  8EISK0LOOY.  485 

Should  be  higher  and  there  should  be  a  well-defined  increase  in  the  mean  dally 
maximum  temperature.  The  influences  which  such  changes  will  have  on  the 
minimum  temperature  depend  in  a  great  degree  on  atmospheric  conditions  at 
Dight,  but  the  higher  day  temperatures  should  be  reflected  in  the  minimum 
temperatures  to  some  extent  We  should  get  lower  winter  and  higher  sum- 
mer temperatures  and  a  higher  mean  temperature  than  prevailed  before  the 
artificial  changes  in  physical  conditions  were  made. 

The  changes  in  physical  conditions  at  New  Orleans  to  be  considered  of 
material  importance  in  influencing  temperatures  must  show  that  perceptible 
changes  in  temperature  have  been  brought  about  regardless  of  modifying  con- 
ditions. We  will,  however,  consider  the  influences  of  such  atmospheric  condi- 
tions as  interfere  with  solar  and  terrestrial  radiation  when  they  prevail  with 
regularity  to  a  marked  degree  in  any  months  in  nearly  all  years. 

Notwithstanding  that  New  Orleans  and  large  areas  of  the  surrounding 
country  have  been  drained,  thereby  materially  reducing  the  area  of  surface 
water  or  land  with  the  ground  water  level  with  the  surface,  we  must  keep 
in  mind  that  bodies  of  water  in  the  form  of  lakes,  bays,  and  bayous  nearly 
surround  the  city,  and  the  influences  of  these  on  solar  and  terrestrial  radiation 
will  continue  to  control  to  some  extent  the  temperature  conditions  of  this 
locality. 

TKHPEBATUBB  CONDITIONS  DUBINO   IS  TBABS  PBIOB  TO  AND  DUBINQ   16  YEAB8   SUB- 
8X7BFACE  DBAINAGB  HAS  BEEN  IN  OPEBATION. 

We  will  compare  the  temperature  conditions  for  the  15  years,  1885  to  18d9, 
inclusive,  which  covers  the  period  Just  prior  to  the  installation  of  subsurface 
drainage,  with  the  temperatures  for  the  15  years,  1900  to  19)4,  inclusive,  the 
period  during  which  subsurface  drainage  has  been  in  operation.  Thermometers 
were  exposed  on  the  customhouse  from  1885  to  1914,  inclusive.  Our  attention 
having  been  attracted  to  this  subject  by  the  more  frequent  occurrence  of  high 
temperatures  in  recent  years  than  formerly,  we  will  first  notice  the  maximum 
temperatures.  The  temperature  had  never  reachced  100*"  prior  to  1900,  but  in 
1901,  the  year  following  the  installation  of  subsurface  drainage,  a  temperature 
of  100"  was  recorded,  and  temperatures  of  100*  or  higher  have  been  recorded 
seven  times  since  1900,  against  none  prior  to  that  year.  Temperatures  of  95* 
or  higher  were  recorded  during  the  15  years  ended  with  1899  on  35  da^s,  while 
In  the  15  years,  1900  to  1914,  inclusive,  temperatures  of  95"  or  above  were 
recorded  on  74  days — an  increase  of  112  per  cent  over  the  number  of  days  with 
such  temperatures  in  the  15  years  Just  prior  to  the  installation  of  subsurface 
drainage.  The  highest  temperatures  occur  with  conditions  where  any  changes 
In  physical  conditions  at  New  Orleans  would  show  their  greatest  influence,  and 
thus  furnish  the  best  material  for  use  in  determining  the  effects  of  such 
dianges  on  the  temperatures  of  the  locality.  The  increased  frequency  of  the 
occurrence  of  high  temperatures  is  more  pronounced  in  June  and  August  than 
lu  the  other  months.  (For  the  distribution  of  temperatures  of  95"  or  higher 
see  Table  I.) 

Next  In  importance  to  the  occurrence  of  unusually  high  temperatures  comes 
the  monthly  highest  temperature,  which  occurs  in  any  month  at  a  time  when 
atmospheric  and  ground  conditions  are  most  favorable  for  the  absorption  of 
solar  radiation.  Differences  shown  in  these  temperatures  by  tlie  records  made 
prior  to  and  subsequent  to  the  installation  of  subsurface  drainage  are  interest- 
ing. The  averages  of  the  highest  monthly  temperatures  have  been  determined 
for  each  of  the  15-year  periods,  and  the  averages  for  the  period  during  which 
subsurface  drainage  has  been  in  operation  are  considerably  above  those  for  the 
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15  years  Just  prior  to  the  change  In  physical  conditions.  The  ar^age  monthly 
maximum  for  the  period  1000-1914  is  al>ove  the  average  monthly  maximum 
for  the  period  1885-18D9  in  every  month  except  December,  in  which  tliere  is  no 
dilTerence.  Tlie  monthly  maximum  temperatures  average  1*  liigher  during  the 
15  years  subsurface  drainage  luis  l>een  in  op^ation  tlmn  during  the  15  years 
Just  prior  to  the  change  in  physical  conditions.  Monthly  maximum  tempera- 
tures are  given  in  Table  II,  with  the  averages  for  each  period  and  the  excess 
for  the  period  during  which  subsurface  drainage  has  been  in  operation  over 
the  previous  15  years. 

Monthly  mean  maximum  temperatures,  determined  from  tlie  daily  maxinram 
temperatures,  are  shown  for  both  periods  under  consideration  in  Table  IIL 
We  find  here  an  excess  f6r  the  peHod  1900-1914  over  that  of  1B85-1899  in  all 
months  except  February,  July,  and  December,  which  show  a  defidency.  The 
mean  of  the  daily  maximum  temperatures  averages  0.6*  daily  during  the  period 
1900-1914  above  the  mean  of  the  daily  maximum  temperatures  for  the  period 
1885-1899,  giving  an  annual  accumulated  excess  in  the  dally  maximum  tempera- 
ture of  about  219*,  and  an  accumulated  excess  of  8,285*  in  the  15  years  sub- 
surface drainage  has  been  in  operation  over  the  mean  of  the  daily  mg-yinff^ipi 
temperatures  for  the  previous  15  years. 

Monthly  minimum  temperatures  for  the  two  periods  under  consideration 
are  given  in  Table  IV.  The  average  of  the  monthly  minimum  temperatures 
for  the  period  1900-1914  are  below  those  for  the  period  1885-1899  in  February, 
April,  May,  June,  and  July,  and  are  above  in  the  other  months  of  the  year. 

Monthly  means  of  the  daily  minimum  temperatures  are  given  in  Table  Y. 
The  averages  from  these  for  the  period  1900-1914  are  above  those  fur  the 
previous  15  years,  except  that  they  are  l)e1ow  in  February,  April,  July,  and 
December,  the  average  daily  excess  being  about  0.4*. 

Monthly  mean  temperatures  for  the  two  periods  are  given  in  Table  VI. 
The  monthly  mean  temperatures  for  the  period  during  which  subsurface  drain- 
age has  been  in  operation  have  been  higher  than  the  monthly  mean  tempera- 
tures for  the  period  1885-1899  in  all  months  except  February,  April,  July,  and 
December.  This  mean  is  obtained  from  the  daily  mean  of  the  maximum  and 
minimum  temperatures  and  merely  reflects  the  conditions  already  shown  in 
the  average  of  the  monthly  means  of  the  daily  nmximum  and  the  nM>nthly 
means  <^  the  daily  minimum  temperatures. 

When  we  consider  the  mean  temperature  for  the  three  coldest  months  of 
the  year — January,  February,  and  December — together,  it  averages  0.4*  daily 
lower  during  the  period  1900-1914  than  during  the  period  1885-1899,  showing  a 
lower  winter  temperature  than  formerly.  The  mean  daily  temperature  in 
the  other  months,  taken  together,  averages  0.8*  daily  higher  during  the  period 
1900-1914  than  during  the  period  1885-1899,  showing  a  higher  summer  tempera- 
ture than  formerly.  There  are  interesting  exceptions — January  and  July,  the 
midwinter  and  midsummer  months.  January  shows  an  average  higher  and 
July  an  average  lower  mean  temperature  for  the  period  1900-1914  than  for  the 
period  1885-1899.  The  occurrence  of  a  lower  mean  temperature  in  July  with 
the  changed  conditions  may  be  readily  explained  as  being  the  result  of  mete- 
orological conditions  peculiar  to  that  month.  The  conditions  of  the  sky  in  July 
have  been  studied  closely  for  both  day  and  night  for  several  years  in  connection 
with  forecasting  and  tome  interesting  features  have  been  noted.  Showers  occur 
in  some  parts  of  New  Orleans  nearly  every  day  in  July,  precipitation  being 
recorded  at  the  local  ofllce,  Weather  Bureau,  on  an  average  on  two  out  of  three 
days,  mostly  in  the  afternoon  and  Just  about  the  time  the  highest  temperature 
of  the  day  should  occur.    When  we  have  the  normal  number  of  rainy  days  in 
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July  tbe  frequent  occurrence  of  high  temperatures  in  that  month  Is  prevented, 
and  as  a  result  we  get  a  mean  daily  maximum  temperature  differing  very  little 
from  that  which  prevailed  prior  to  the  installation  of  subsurface  drainage. 
July  also  shows  only  a  small  increase  in  the  frequency  of  the  occurrence  of 
high  temperatures  as  compared  with  other  months.  July  is  remarkable  for 
the  small  amount  of  precipitation  and  clouds  at  night,  much  of  the  dust  is 
washed  out  of  the  atmosphere  by  afternoon  showers,  the  water  being  carried  off 
rapidly  by  subsurface  drainage,  leaving  the  ground  dry,  and  radiation  from  the 
ground  at  night  is  favored  more  in  July  than  in  any  other  month  in  the  year, 
and  as  a  result  the  daily  minimum  temperature  for  July  averages  lower  since 
the  change  in  physical  conditions  than  it  did  prior  to  the  change.  The  forego> 
ing  influences  acting  on  the  daily  maximum  and  daily  minimum  temperatures 
give  a  lower  monthly  mean  temperature  for  July  than  formerly.  Notwith- 
standing these  influences,  we  have  higher  monthly  maximum  temperatures  in 
July  now  than  occurred  before  the  change  in  physical  conditions,  because  the 
highest  monthly  temperature  occurs  following  a  few  successive  dry  days  when 
the  effects  of  the  changes  which  have  been  made  in  the  physical  conditions  influ- 
ence day  temperatures  most  strongly.  We  have  a  higher  average  of  the  abso- 
lute monthly  maximum  temperatures  for  July  during  the  i)eriod  subsurface 
drainage  has  been  in  operation  than  during  the  15  years  previous,  but  no  ma- 
terial change  is  noted  in  the  averages  of  the  daily  maximums  in  July,  because 
of  the  effects  of  frequent  afternoon  showers  on  the  daily  maximum  tempera- 
ture. The  departure  of  January  from  the  average  winter  condition,  which  we 
find  so  well  defined  in  December  and  February,  appears  to  result  from  atmos- 
pheric conditions  peculiar  to  tlmt  month,  which  interfere  with  cooling  by 
terrestrial  radiation  at  night  more  than  they  interfere  with  heating  by  solar 
radiation  during  the  day. 

There  are  twice  as  many  foggy  days  in  January  as  there  are  in  December  or 
February,  and  this  condition  exists  mainly  at  night  It  is  also  probable  that 
January  is  the  opposite  of  July  and  has  a  greater  amount  of  cloudiness  at  night 
than  during  the  day,  but  such  conditions  have  not  been  studied  as  has  been 
done  in  the  case  of  July.  The  presence  of  dust  particles  and  smoke  in  the 
atmosphere  along  with  the  fog  and  the  clouds  prevents  the  radiation  from  the 
ground  at  night  of  the  increased  quantity  of  heat  absorbed  by  the  land  and 
lower  atmosphere  from  solar  radiation  during  the  day  over  that  formerly  ab- 
sorbed, and  as  a  result  we  get  a  higher  temperature  in  January  under  present 
conditions  than  we  did  prior  to  the  dmnge  in  physical  conditions.  The  results 
obtained  by  Kaemtz  for  Dorpat  shows  that  an  overcast  sky  in  winter  gives  a 
temperature  4.4*  above  the  normal,  combining  day  and  night  conditions.  From 
this  we  conclude  that  meteorological  conditions  in  January  favor  tlie  passage 
of  solar  radiation  to  the  ground  and  give  under  present  conditions  a  high  dally 
maximum  temperature,  and  the  dondy  and  foggy  nights  with  dust  and  smoke 
retard  cooling  by  terrestrial  radiation  of  the  heat  received  during  the  day,  so 
that  under  present  conditions  we  get  both  a  higher  mean  daily  maximum  and  a 
higher  mean  daily  minimum  temperature  in  January  than  prevailed  before  the 
installation  of  subsurface  drainage  and  the  results  give  a  liigfaer  mean  tem- 
perature. 

The  average  of  the  monthly  minimum  temperatures  being  lower  in  April, 
Hay,  and  June  now  than  formerly,  wliile  the  average  daily  minimum  In  these 
months  Is  higher  may  also  be  explained  by  the  influences  of  atmospheric  condi- 
tions peculiar  to  those  months.  There  are  occasional  clear  nights  preceded  by 
a  few  dry  days  in  April,  May,  and  June  which  favor  cooling  by  radiation  at 
night  and  give  a  lower  monthly  minimum  temperature  under  conditions  as 
they  now  exist  than  occurred  prior  to  the  installation  of  subsurface  drainage. 
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However,  these  months  are  not  free  at  all  times  at  night  from  clouds  and  dust, 
as  Is  the  case  with  July,  and,  except  on  a  few  nights  now  and  then,  terrestrial 
radiation  Js  Interfered  with  and  we  get  a  lilgher  average  dally  minimum  tem- 
perature now  than  formerly.  In  other  months  dust  and  cloudiness  prevail  more 
generally  at  night  and  prevent  the  radiation  of  the  extra  amount  of  heat  re- 
ceived during  the  day,  and  give  both  a  higher  average  monthly  minimum  and 
dally  minimum  temperature  than  formerly. 

Dust  particles  In  the  atmosphere  over  New  Orleans  exert  a  marked  Influence 
in  retarding  terrestrial  radiation  at  night  even  under  the  most  favorable  condi- 
tions found  In  nature,  s)ich  as  when  the  crest  of  an  area  of  high  pressure  over- 
lies that  locality  and  gives  cloudless,  still  nights;  under  such  conditions  the 
temperature  In  the  country  surrounding  New  Orleans  falls  to  a  minimum  10  to 
14^  lower  than  the  minimum  recorded  at  the  local  ofllce.  Weather  Bureau,  in 
New  Orleans.  If  dust  particles  on  a  cloudless  night  interfere  with  terrestrial 
radiation  to  the  extent  of  10  to  14^,  the  presence  of  clouds  and  fog  in  addition 
must  exercise  a  much  greater  influence  in  preventing  cooling  by  terrestrial 
radiation  at  night  and  thus  aid  In  giving  a  higher  average  minimum  tempera- 
ture under  present  conditions  than  prior  to  the  change  in  physical  conditions. 

Drainage  of  the  land  surrounding  New  Orleans  will  no  doubt  give  lower  mini- 
mum temperatures  in  the  country  where  there  Lb  little  dust  or  smoke  in  the 
atmosphere  on  still,  dear  nights  In  winter  than  formerly  occurred  In  the  same 
localities,  and  this  matter  must  be  taken  into  consideration  by  the  growers  of 
citrus  fruits  and  garden  truck  in  the  winter  months. 

The  comparative  tables  used  in  this  discussion  were  closed  with  the  year  1914, 
so  as  to  have  complete  year's  records.  However,  the  temperature  records  during 
the  summer  months  of  1915  are  of  exceptional  Interest  in  connection  with  this 
subject,  because  there  were  25  days  on  which  the  maximum  temperature  was 
95"*  or  higher,  more  than  twice  the  number  recorded  in  any  previous  year. 
These  high  temperatures  would  set  in  after  a  few  days  of  clear,  dry  weather 
and  continue  in  each  Instance  until  precipitation  occurred.  In  June  there  was 
a  period  of  seven  days  in  succession  with  the  maximum  temperature  95**  or 
above ;  in  July  there  was  one  period  of  five  and  another  of  three  days ;  and  in 
August  there  was  a  period  of  three  days  with  the  maximum  temperature  95"* 
or  higher,  and  the  remaining  seven  were  scattering,  but  following  a  few  days 
of  clear,  dry  weather.  The  total  number  of  days  with  the  temperature  95"  or 
above  in  1915  was  only  10  less  than  the  total  number  of  days  with  95**  or  higher 
during  the  15  years,  1885-1899,  just  prior  to  the  installation  of  subsurface 
drainage. 

The  number  of  days  with  precipitation  (7  in  June,  9  in  July,  and  none  during 
the  first  10  days  of  August)  was  less  than  half  the  average  number  of  rainy 
days  for  that  period,  but  the  rainfall  for  the  period  was  above  the  normal.  These 
dry  periods  were  such,  however,  as  would  bring  out  the  effects  of  any  influences 
which  the  changes  made  in  physical  conditions  might  have  on  the  temperature. 
While  New  Orleans  has  never  had  a  summer  as  a  whole  vrith  so  few  rainy  days* 
there  have  been,  prior  to  the  installation  of  subsurface  drainage,  longer  dry 
periods  in  June  and  July,  and  at  the  same  time  in  months  with  much  less  pre- 
cipitation than  occurred  In  1915,  which  did  not  give  high  temperatures  compar- 
able with  those  of  1915  either  as  regards  frequency  or  intensity. 

The  relations  of  temperatures  before  and  since  the  installation  of  subsurface 
drainage  are  graphically  shown  in  figures  1,  2,  and  8.  From  the  foregoing  study 
we  conclude  that  the  changes  made  in  physical  conditions  at  New  Orleans  have 
been  the  cause  of  higher  temperatures  and  have  Influenced  temperatures  gen- 
erally to  some  extent,  but  a  longer  period  of  observations  will  be  required  to 
determine  definitely  what  effect  these  changes  have  on  the  temperature. 
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Table  1. — Number  of  days  ioith  temperatures  95*  or  above  at  New  Orleans,  La. 

Yfr. 

JSD. 

F^ 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oet. 

Nov. 

D«j. 

Annual 

iws 

0 

18R6 ; 

1 

1 

1887 

8 
0 
2 
2 

s 

iftn 

6 

1889 

a 

1800 

2 

i8m:::;:;;:::;::;: 

0 

1892 

0 

1893 

I 

1 

1894..... 

2 

1 

s 

iS::. :;:::::;;::: 

0 

1890 

1 

4 

1 

1 
1 

3 
3 

6 

1897 

8 

1808 

1 

1890 

2 

I 

s 

Sqim.. 

7 

17 

0 

2 

85 

* 

1000 

~" 

'        " 

_ ..  __ 

~' 

-j_ 

2 

.... 

a 

1001 

3 
2 

6 
2 

1 

2 

8 

10 

1002 

12 

1003 

1 

1004 

0 

1005 

1 
3 

1 

1000 

3 

...... 

6 

1007 

1 

1008 

0 

1009 

1 
1 

4 
3 

3 

4 

1910 

1 

1011 

1 

0 

2 

12 

1012 

8 

6 

1013 

2 
0 

6 

1014,. 

** 

12 

Smnff 

1 

28 

21 

10 

6 

74 
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Table  2,— Absolute  monthly  mawimum  temperatures  at  New  Orleans,  La. 

FROM  1885  TO  1899,  INCLUSIVE. 


Yfr, 


Jan. 

Feb. 

Har. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Doc. 

75 

75 

77 

83 

87 

92 

92 

93 

92 

80 

85 

74 

72 

74 

81 

86 

91 

92 

93 

95 

92 

87 

82 

72 

78 

82 

81 

87 

91 

91 

96 

94 

94 

86 

80 

77 

80 

79 

78 

85 

88 

92 

96 

94 

91 

87 

85 

72 

76 

78 

79 

88 

90 

92 

96 

92 

94 

90 

82 

80 

82 

82 

80 

84 

87 

94 

90 

91 

89 

87 

81 

80 

77 

80 

80 

84 

89 

94 

92 

03 

90 

85 

80 

78 

77 

80 

78 

84 

88 

92 

93 

92 

89 

87 

&3 

79 

72 

79 

79 

84 

90 

94 

94 

93 

95 

86 

80 

79 

79 

78 

82 

85 

90 

97 

99 

92 

90 

88 

79 

81 

77 

74 

81 

87 

87 

93 

94 

92 

94 

87 

81 

75 

75 

73 

81 

84 

92 

95 

96 

96 

91 

91 

84 

78 

74 

81 

84 

84 

88 

96 

95 

99 

94 

89 

82 

77 

78 

74 

82 

82 

93 

91 

97 

91 

92 

89 

81 

75 

76 

79 

84 

86 

90 

94 

93 

96 

96 

86 

80 

78 

76.6 

77.7 

80.6 

84.9 

89.4 

93.4 

94.7 

93.6 

92.1 

87.0 

81.7 

77.0 

AnnaaL 


1885 

18«6 

1887 

18R8 

1889 

1890 

1891 

1892 

1893 

1804 

1895 

1896 

1897 

1898 

1899 

Averages 


93 
96 
96 
96 
96 
96 
94 
93 
98 
97 
94 
96 
90 
97 
96 

95.4 


FROM  1900  TO  1914,  INCLUSIVE. 


1900 

70 
75 
77 
77 
76 
73 
78 
81 
77 
79 
76 
81 
77 
79 
78 

76.9 

+a4 

78 
80 
76 
80 
82 
72 
78 
78 
78 
79 
79 
81 
75 
77 
79 

78.1 

+a4 

84 
81 
84 
82 
84 
81 
79 
86 
85 
85 
84 
86 
86 
84 
84 

83.6 
+3.1 

84 
86 
85 
85 
83 
87 
86 
84 
80 
86 
85 
86 
86 
86 
85 

85w6 

+a6 

88 
89 
94 
86 
89 
91 
91 
88 
91 
89 
90 
96 
91 
89 
92 

9a3 
+0.9 

92 
98 
95 
93 
93 
93 
95 
93 
92 
93 
92 
96 
90 
97 
98 

94.1 

+a7 

92 
102 
95 
95 
92 
94 
94 
97 
94 
96 
96 
92 
95 
96 
96 

96.0 

+a3 

94 
96 
98 
94 
94 
95 
95 
94 
94 
100 
94 
97 
94 
94 
93 

96.1 
+L6 

96 
92 
94 
92 
94 
93 
94 
94 
92 

94 
98 

93.7 
+1.6 

90 
86 
80 
89 
94 
88 
83 
80 
84 
91 
88 
93 
88 
88 
90 

88.7 

+L7 

83 
80 
84 
83 
78 
82 
83 
80 
82 
83 
82 
89 
81 
81 
82 

82.2 
+0.6 

74 
79 
78 
76 
78 
75 
79 
76 
83 
77 
76 

n 

77 
74 
76 

77.0 
0.0 

96 
102 
98 
96 
94 

1901 

1902 

1903 

1904 

1905 

96 
96 
97 
94 

1906 

1907 

1908 

190D 

•s 

1910 

1911 

98 

1912 

98 
97 
98 

96.8 
+L4 

1913 

1914  

AveraMf(1900- 

1914)... 

Compared      with 
1885-1889 

Table  S.— Monthly  mean  maximum  temperatures  at  New  Orleans,  La. 

FROM  1885  TO  1890,  INCLUSIVE. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

Annual. 

IKQ 

68.6 
53.0 
60.1 
64.9 

6ai 

7Z7 
59.9 
58.0 
5a5 
66.4 
59.8 
5a8 
67.9 
65.7 
6L4 

6L1 

60.8 
62.4 
73.7 
f6.9 
59.8 
72.9 
69.2 
68.2 
68.9 
61.4 
62.6 
64.6 
66.6 
64.1 
68.0 

64.6 

65.0 
66.1 
7Z0 
60.3 
60.2 
00.8 
67.4 
66.9 
68L6 
7a4 

7ai 

69.1 
76.6 
72.3 
73.2 

60.8 

76.4 
74.6 
77.6 
78.4 
79.1 
78.1 
76.1 
75.7 
79.1 
78.6 
75.9 
78.0 
75.3 
73.2 
74.2 

76.0 

80L8 
82.1 
84.9 
83.2 
83.0 
8L9 
81.6 
8L4 
83.2 
83.3 
81.0 
85.5 
82.3 
83.9 
85.8 

82.9 

80.1 
87.3 
86.2 
86.0 
86.0 
88.0 
88L4 
86.1 
87.1 
88.7 
87.6 
87.3 
89.3 
88.2 
86.7 

87.8 

9a2 
88.1 
90.2 
90.7 
90l1 
88.6 
87.7 
86w5 
90.3 
86.0 
89.0 
80.8 
90.9 
88.3 
89.4 

89.1 

80.2 
89.9 
89.7 
87.4 
87.4 
87.2 
88.3 
88.3 
88.8 
87.5 
88.2 
90.5 
80.2 
87.2 
90.5 

8&6 

85.2 

85.3 
84.9 
82.0 
86.5 
84.2 
83.1 
83.1 
86.9 
86.7 
88.5 
85.9 
86.8 
85.2 
84.8 

85.4 

73.7 
77.9 
76.0 
78.9 
80.0 
76.3 
76.2 
77.6 
76.4 
79.6 
76.8 
77.7 
81.5 
75.1 
78.6 

77.5 

67.0 
68.5 

70.1 
68.9 
67.1 
7L6 
68.1 
60.7 
67.8 
68.4 
67.9 
72.6 
7L9 
74.9 
70.4 

60.7 

6L6 

oai 

59.7 
6L5 
74.3 
65.0 
62.6 
63.5 
60.2 
66.0 
62.1 
62.4 
64.3 
58.1 
62.2 

63.3 

74.9 

18K6  

74.6 

1887 

77.1 

18RS       

76.7 

1S89  

76.9 

lj«0 

mo 

1!4^|  

76.8 

1892 

75.4 

1803         

76.8 

1891 

76.7 

1895 

75.0 

1896 

76.8 

im? 

77.0 

1898 

7S.S 

1899 

76.8 

Avarases.... 

76.8 
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Tablb  3. — Monthly  mean  maximum  Umperaturet  at  New  Orleam,  Zo.— Continaed. 

FROlf  1900  TO  1914.  INCLUSIVE. 


Yfltf. 

Jan. 

Feb. 

Mar. 

08.0 

09.7 
70.8 
70.0 
75.1 
72.9 
07.7 
79.0 
77.4 
73.8 
70.0 
75.0 
09.4 
69.2 
05.7 

7X1 

+i8 

Apr. 

i««y. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dac. 

AmittL 

1900 

59.0 
6S.8 
6L6 
59.1 

oao 

57.5 
02.S 
7a5 
61.6 
A6.9 
04.5 
09.1 
58Le 
07.9 
04.9 

03.1 
+2.0 

OLO 
00.5 
57.5 
04.1 
68.5 
50.7 
59.5 
07.7 
03.4 
00.2 
01.9 
7L2 
00.2 
02.7 
02.0 

02.9 
-LO 

70.2 
74.7 
77.0 
7B.1 
78.3 
77.3 
77.3 
74.8 
81.0 
70.8 
77.3 
78.8 
78wl 
75.7 
77.1 

77.0 

+a4 

82.9 
84.4 
8R.5 
80.8 
82.5 
85.9 
83.1 
80.7 
84.0 
8L7 
81.9 
84.1 
82.9 
83.1 
83.3 

83.3 

+a4 

80.0 
90.1 
01.0 
85.0 
8^0 
89.6 
91.0 
88.0 
88.3 
87.7 
87.5 
9L1 
83.0 
86.4 
92.8 

88L5 
+1.2 

87.4 
90.1 
90.8 
89.0 
87.9 
89.1 
89.5 
90.3 
87.8 
90.0 
88.0 
86.7 
88.3 
89.2 
90.4 

80.0 

-ai 

89.2 
89.4 
92L4 
90.4 
88.5 
89.7 
90.6 
90.5 
89.3 
89.8 
87.5 
89.5 
89.9 
89.9 
89.3 

89.7 
+1.1 

88.8 
83.1 
85.9 
85.7 
88w4 
87.6 
87.1 
85.8 
81.1 
86.0 
87.5 
89.5 
88.7 
84.2 
85.3 

86.0 
+  L2 

80.1 
77.4 
76.8 
77.7 
79.9 
75.9 
73.7 
78.1 
75.3 
80.3 
78.4 
80.8 
79.3 
75.8 
77.1 

77.8 

+a8 

72.1 
07.4 
73.2 
08L5 
08.6 
7Z1 
73.3 
05.6 
7X1 
76.5 
00.5 
67.4 
67.1 
72.5 
67.8 

70.2 

+a6 

62.0 
00.6 
6L2 

oao 

62.8 
57  9 
60.3 
61.2 
67.7 
59.0 
61.5 
64.8 
62.2 
61.4 
57.1 

0L8 
-L5 

70.1 

1901 

76.1 

1902 

77.0 

1908 

75.7 

1904 

77.3 

1905 

76.0 

1008 

tSlS 

1907 

77.7 

1908 

77.7 

1909 

77.7 

1010 

77.1 

1011 

TBlO 

1912 

75.8 

1913 

76.S 

1914 

TObl 

1914?!.'. 

Compftred  with 
ltW-1899 

70.9 

+aa 

Table  4. — Absolute  monthly  minimum  temperatures  at  New  Orleans,  La, 

FROM  1886  TO  1800,  INCLUSIVE. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nor. 

Dec 

AnnoaL 

1886 

28 
15 
21 
29 
84 
36 
33 
26 
29 
28 
27 
28 
23 
30 
29 

27.7 

80 
25 
44 
35 
32 
40 
84 
43 
39 
33 
16 
87 
87 
36 
7 

82.5 

30 

40 
*    44 

41 
44 

30 
39 
31 
31 
33 
39 
41 
50 
39 
38 

38.3 

S3 
41 
48 
50 
54 
56 
41 
51 
56 
65 
50 
49 
50 
43 
45 

49.7 

00 
67 
02 
00 
64 
50 
53 
56 
00 
65 
58 
05 
58 
53 
66 

58.3 

73 
70 
00 
66 
58 
60 
66 
C4 
60 
63 
68 
60 
60 
70 
68 

67.1 

74 
71 
70 
72 
71 
68 
68 
67 
73 
67 
71 
70 
71 
70 
00 

70.1 

70 
68 
71 
70 
70 
07 
68 
70 
72 
71 
70 
70 
71 
72 
71 

09.7 

00 
02 
00 
56 

58 
56 
63 
04 
06 
06 
67 
50 
G2 
68 
57 

6L1 

49 
45 

42 
65 

50 
49 
50 
48 
48 
47 
53 
64 
59 
43 
56 

40.7 

40 
34 
34 
41 
38 
44 
30 
41 
36 
36 
87 
35 
44 
34 
40 

37.0 

80 
27 
29 
31 
39 
35 
36 
23 
33 
21 
84 
82 
84 
30 
32 

3L1 

38 

1880 

If 

1887 

21 

1888 

29 

1889 

33 

1890 

SO 

1891 

30 

1802 

23 

1803 

29 

1894 

21 

1895 

10 

1890 

28 

1807 

23 

1898 

80 

1809 

7 

Avaragea 

M.1 

FROM  1900  TO  1014,  INCLUSIVE. 


1900 

29 
36 
83 
31 
31 
22 
31 
88 
32 
29 
27 
23 
28 
40 
36 

30.7 
+3.0 

24 
31 
33 
27 
36 
18 
84 
36 
83 
28 
26 
35 
27 
84 
81 

30.1 
-2.4 

39 
35 
88 
45 

39 
63 
86 
62 
43 
41 
43 
46 
89 
39 
39 

4L7 

+3.4 

47 
47 
51 
48 
46 
48 
46 
46 
51 
46 
41 
64 
51 
49 
43 

47.6 
-2.1 

62 
58 
66 
53 
57 
00 
64 
02 
53 
64 
00 
67 
61 
67 
50 

58.1 
-0.2 

08 
68 
00 
00 
67 
00 
08 
62 
66 
70 
65 
70 
60 
69 
70 

6&4 

-0.7 

71 
70 
69 
69 
70 
66 
72 
70 
70 
72 
68 
70 
70 
08 
70 

09.7 
-0.4 

68 
70 
71 
69 
70 
70 
00 
70 
73 
71 
70 
60 
72 
70 
08 

70.0 
+0.3 

71 
65 
65 
58 
72 
68 
68 
67 
56 
56 
67 
72 
70 
59 
63 

63.8 
+2.7 

50 
53 
51 
49 
64 
51 
49 
48 
62 
51 
40 
53 
53 
42 
45 

49.9 
+0.2 

41 
43 
40 
29 
39 
45 
40 
87 
39 
45 
44 
31 
37 
42 
84 

39.1 
+1.5 

42 
23 
28 
33 
32 
33 
30 
34 
38 
36 
84 
35 
36 
36 
29 

32.6 
+L6 

34 

1901 

23 

1903 

28 

1903 

27 

1904 

31 

1906 

18 

1900 

30 

1907 

34 

1908 

33 

1909 

30 

1910 

26 

1011 

22 

1012 

23 

1918 

84 

1914 

29 

Averages  (1900- 
1914) 

1886-1898.... 

27.1 
+3.0 
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Table  5. — Monthly  mean  minimum  temperatures  at  New  Orlean$,  La, 

FROM  1885  TO  1809,  mCLUSIVB. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec 

Annaal 

1885 

45.1 
38.7 
41.8 
48.1 
4A.6 
67.5 
46.6 
40.6 
43.0 
49.7 
44.5 
45.6 
44.3 
51.5 
45.1 

45.8 

45.8 
44.0 
50.0 
52.1 
47.1 
55.1 
55.0 
63.1 
53.4 
48.4 
37.6 
47.0 
50.5 
40.2 
40.8 

10.4 

51.1 
52.3 
54.2 
52.6 
52.8 
53.4 
53.8 
50.2 
53.0 
55.5 
54.4 
53.4 
62.3 
57.7 
55.5 

54.1 

64.9 
58.8 
60.1 

ra.3 

61.4 
62.5 
60.9 
62.3 
64.0 
63.1 
50.6 
63.3 
60.8 
67.0 
58.9 

61.4 

68.4 
65.7 
67.7 
C6.0 
64.5 
60.8 
65.9 
66.5 
68.3 
07.3 
66.8 
70.1 
66.8 
67.0 
71.9 

67.3 

76.8 
73.2 
72.5 
72.4 
70.3 
73.3 
73.1 
71.7 
73.3 
70.7 
73.1 
72.8 
74.2 
74.0 
73.0 

78.0 

76.8 
74.5 
74.5 
76.4 
75.2 
74.6 
74.6 
73.7 
75.9 
72.2 
74.8 
76.7 
76.4 
74.6 
75.9 

75.0 

74.7 
75.6 
75.0 
74.6 
73.0 
74.0 
74.0 
75.1 
76.1 
73.5 
75.0 
75.6 
75.5 
76.1 
76.6 

74.0 

72.1 
72.7 
71.7 
70.4 
70.8 
70.9 
70.7 
70.1 
72.6 
73.1 
74.9 
71.9 
71.8 
73.8 
70.6 

n.9 

58.2 
63.4 
62.0 
02.7 
60.8 
61.7 
50.6 
64.3 
61.8 
62.0 
60.4 
03.0 
67.2 
60.2 
04.1 

62.1 

52.2 
50.0 
53.7 
54.8 
60.3 
56.6 
61.7 
54.5 
62.8 
52.6 
53.1 
57.9 
55.5 
49.9 
55.8 

53.5 

45.0 
43.8 
46.3 
46.0 
54.3 
47.7 
49.2 
48.2 
50.5 
40.5 
45.5 
46.9 
49.8 
43.5 
46.9 

47.5 

60.9 

188n 

50.5 

1887 

1888 

61.5 
61.6 

1880 

60.7 

1890 

62.8 

1891 

61.3 

1892 

60.0 

1803 

61.9 

1894 

01.5 

1895 

60.0 

189G 

62.0 

1807 

62.9 

1808 

1800 

61.1 
61.3 

AyensBS 

61.3 

FROM  1900  TO  1014,  INCLUSIVE. 


1900 

45.*4 
47.4 
45.8 
44.8 
42.8 
41.8 
45.7 
55.8 
45.3 
50.8 
45.8 
52.7 
41.9 
61.9 
48.2 

47.0 
+1.2 

45.8 
46.3 
42.9 
48.6 
52.1 
40.9 
44.8 
51.5 
47.5 
48.0 
45.1 
55.9 
42.8 
46.5 
44.5 

46.8 
-2.6 

53.4 
52.9 
56.1 
57.5 
57.2 
67.3 
51.3 
03.2 
60.8 
57.2 
58.3 
57.8 
52.4 
63.4 
40.4 

56.8 
+  1.7 

61.1 
67.5 
01.1 
50.4 
68.6 
61.6 
60.8 
68.8 
65.9 
61.2 
60.2 
63.5 
62.8 
50.3 
6a7 

oas 

-0.6 

68.4 
65.9 
70.5 
65.8 
65.8 
71.3 
66.7 
67.0 
67.8 
66.1 
65.9 
67.6 
68.1 
66.5 
67.7 

67.4 
+0.1 

73.4 
73.6 
74.8 
flO.8 
72.7 
74.5 
74.6 
72.6 
74.1 
74.1 
70.9 
75.2 
72.3 
71.3 
75.6 

78.8 
+0.8 

75.1 
75.0 
75.2 
74.5 
73.5 
74.1 
75.4 
76.0 
74.5 
76.4 
74.5 
73.7 
75.2 
74.1 
74.8 

74.8 
-0.2 

75.7 
74.0 
76.3 
75.7 
74.1 
76.0 
75.8 
75.0 
75.7 
76.3 
73.1 
74.2 
76.9 
75.8 
74.4 

75.8 
+0.4 

76.2 
71.2 
71.6 
70.0 
74.1 
74.5 
74.1 
73.0 
71.7 
72.8 
73.1 
75.6 
75.4 
71.7 
72.2 

78.1 
+1.2 

67.7 
62.7 
62.4 
62.2 
66.5 
63.9 
61.3 
64.3 
60.1 
64.5 
64.6 
67.3 
65.7 
60.2 
63.5 

68.7 
+1.6 

56.3 
51.5 
50.1 
50.4 
53.1 
57.8 
57.7 
52.2 
55.6 
60.2 
54.1 
50.4 
51.6 
57.0 
64.6 

54.7 
+  1.2 

48.7 
43.5 
46.8 
43.4 
47.0 
43.7 
61.7 
47.4 
61.8 
41.8 
46.7 
50.7 
48.7 
48.7 
44.4 

47.0 
-0.6 

62.1 

1901 

60.2 

1902 , 

61.8 

1903 

60.2 

lOM 

61.4 

1905 

61.4 

1906 

61.7 

1907 

63.1 

1906 

62.5 

1900 

62.4 

1910 

61.8 

1911 

63.7 

1912 

61.1 

1913 

61.4 

1914 

60.8 

Ayeniges(1900- 
1014) 

1885-1899.... 

61.7 
+0.4 

Table  6. — Monthly  mean  temperatures  at  New  Orleans,  La, 

FROM  1885  TO  1809,  INCLUSIVE. 


Year. 

Jan. 

Feb.    Mar. 

Apr. 

May. 

Judo. 

83.0 
80.2 
79.4 
79.2 
78.2 
80.6 
80.8 
78.9 
80.2 
78.2 
80.4 
80.0 
8L8 
81.1 
79.8 

8ai 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

53.3 
52.0 
63.0 
68.8 
6i.3 
66.4 
55.0 
55.8 
58.4 
67.8 
68.8 
54.6 
57.0 
5a8 
54.6 

66w4 

AnnuftL 

1885 

51.8 
46.8 
60.8 
56.6 
63.4 
66.1 
68.2 
49.8 
60.2 
58.0 
52.2 
62.2 
51.1 
58.6 
63.2 

53.4 

63.3 
63.6 
60.4 
50.0 
63.4 
64.0 
62.6 
6a6 
61.2 
64.9 
45.0 
66.2 
68.0 
56.6 
49.4 

56.9 

58.4 
59.2 
63.1 
61.0 
01.0 
61.6 
60.6 
58.6 
6a8 
68.0 
62.2 
61.2 
CO.  4 
65.0 
64.4 

62.0 

70.6 
66.4 
68.8 
7a8 
70.2 

Taj 

68.0 
69.0 
71.6 
70.8 
67.8 
70.6 

65.1 
66.6 

60.0 

74.4 
73.9 
76.3 
74.6 
73.8 
74.4 
73.8 
74.0 
75.8 
75.8 
73.9 
77.8 
74.8 
75.4 
78.8 

75wl 

83.5 
81.3 
82.4 
83.6 
82.6 
81.6 
8L2 

sai 

83.1 
79.1 
81.9 
82.8 
F3.6 
8L4 
82.6 

82.1 

82.0 
82.8 
82.4 
81.0 
80.6 
8a6 
8L2 
8L7 
82.0 
80.5 
81.6 
88.0 
82.4 
8L2 
S8.6 

81.8 

78.6 
79.0 
78.8 
76.2 
78.6 
77.6 
77.9 
76.6 
79.8 
79.9 
8L7 
78.9 
79.8 
79.5 
77.7 

78.6 

66.0 
70.6 
69.0 
70.8 
7a4 
60.0 
67.8 
71.0 
60.1 
7a8 
68.6 
70.4 
74.4 
67.6 
7L4 

60.8 

59.9 
59.7 
61.9 
6L8 
58.7 
64.0 
59.9 
62.1 
6a3 
6a5 
6a5 
65.2 
68.7 
57.4 
63.1 

61.2 

67.0 

1886 

67.0 

1887 

69.3 

1888 

69.0 

18S9 

68.8 

1890 

70.4 

1891 

68.0 

1992 

68.1 

1898 

69.4 

1804 

69.1 

1896 

67.6 

1806 

69.4 

1807 

Taa 

1808 

68.8 

1809 

68.8 

Averages — 

68.8 
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Tablb  6. — MorUkly  mean  tempendura  at  New  Orleam,  La. — Contiimed. 

FROM  1900  TO  1014,  IKCLU8IVE. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

S^t 

Oct. 

Nov. 

Dee. 

AimuaL 

1000 

52.2 
«5.6 
M.4 
52.0 
51.4 
49.0 
54.0 
fi3.2 
53.4 
58.4 
55.2 
00.9 
5a2 
50.9 
56.0 

55.1 

+L7 

58.4 

53.4 
50.2 
50.4 

oas 

48.8 
52.2 
59.0 
55. 4 
57.1 
53.5 
68.6 
51.5 
54.6 
53.2 

54.9 
-2.0 

61.0 
01.3 
03.4 
64.0 
66.2 
05.1 
59.5 
71.4 
68.6 
65.2 
67.4 
66.7 

eao 

61.8 
57.6 

64.0 
-1-2.0 

08.6 
66.1 
60.0 
07.8 
07.5 
69.4 
09.0 
00.8 
73.8 
09. 0 
6S.8 
71.2 
70.4 
07.5 
08.9 

68.9 
-0.1 

75.6 
75.2 
78.5 
73.3 
74.2 
78.6 
74.9 

7^8 

75.9 
73.9 
73.9 
75.8 
76.0 
74.8 
75.5 

75.3 
-H).2 

sao 

81.8 
82.9 
77.4 
80.0 
82.0 
82.8 
80.2 

8L2 
82.6 
83.0 
81.8 
80.7 
81.6 
82.4 
K3.9 

82.4 
82.2 
84.4 
83.0 
81.4 
82.8 
83.2 
82.8 
82.5 
83.0 
83.4 
81.8 
82.9 
82.8 
8L8 

82.7 
+0.9 

82.0 
78.2 
78.8 
77.8 
81.1 
81.0 
8a6 
79.4 
71.9 
79.4 
80.3 
82.6 
82.0 
7K.0 
78.8 

79.9 

+1.8 

73.9 

Tao 

09.0 

7ao 

72.7 
09.9 
07.5 
71.2 
67.7 
72.4 
71.5 
74.0 
72:5 
68.0 
7a3 

7a7 

64.2 
69.4 
6ft.2 
5P.4 
60.8 
05.0 
05.5 
58.9 
03.8 
67.4 
61.8 
58.9 
59.4 
64.8 
61.2 

02.4 
+1.2 

5.^6 
52.0 
54.0 
52.2 
54.8 
50i8 
59.0 
54.8 
50.8 
5a4 
54.1 
67.8 
56.4 
55.0 
5a8 

54.4 
-LO 

69.S 

1001 

68.8 

ig03 

09.4 

ms 

07.9 

1004  

09.8 

1005 

68L7 

1000 

69.  S 

1007 

70.4 

iro8 

81.2  1  fl.2 

70.1 

1000 

80.9 
79.2 
83.2 
78.0 
78.8 
84.2 

80.9 
■fa8 

83.2 

81.2 
80.2 
81.8 
81.6 
82.6 

81.9 
-0.2 

70.0 

1910 

00.2 

1011 

7L4 

1012 

G8.4 

10)8 

08.9 

1914 

OB.S 

Ave  rages 
(1900-1014)... 

Compared  with 
1^1809..... 

09.8 
+0.8 

Mr.  Cox.  Mr.  Chairman,  I  would  like  to  ask  Dr.  Cline  whether 
or  not  he  made  comparisons  between  the  temperature  at  New  Orleans 
and  other  stations  for  these  two  periods  in  question,  and  whether 
there  was  any  yariation  at  other  places  besides  New  Orleans. ' 

Mr.  Cline.  At  Mobile  the  instruments  have  been  moved  several 
times,  but  there  was  no  material  change  in  the  highest  maximum 
temperatures  in  Mobile  for  the  last  15  years  and  the  previous  years. 
In  1915  Mobile  had  no  high  temperatures  when  we  had  so  many 
at  New  Orleans.  At  the  other  stations  I  could  not  get  the  records. 
Galveston  has  had  the  same  trouble  as  Mobile,  with  the  instruments 
being  changed. 

Mr.  NiPHER.  As  I  remember,  about  45  or  50  years  ago,  when  the 
sloughs  in  Iowa  near  where  I  lived  were  full  of  water  it  was  very 
easy  to  get  water  in  the  wells  by  digging  down  about  25  or  30  feet 
on  the  highlands;  and  I  have  seen  crops  grow  and  produce  excellent 
results  at  that  time  on  one  or  two  occasions  when  no  rain  fell  upon 
them  during  the  entire  summer.  To-day  the  farmers  have  drained 
all  those  sloughs  with  their  tile  drains.  They  run  off  all  their  water 
from  their  land  as  soon  as  possible,  and  wells  that  were  then  25  or 
80  feet  in  depth  have  been  increased  in  depth  to  about  200  feet  in 
order  to  get  water,  and  the  crops  are  not  quite  as  prosperous  now  as 
they  were  then,  in  very  dry  seasons.  At  that  time  I  remember  when 
I  placed  a  lightning  rod  on  my  father^s  bam  I  churned  an  iron 
rod  down  about  15  feet  with  the  aid  of  a  bucket  of  water  in  about 
three  or  four  minutes  without  any  difficulty.  That  soil  was  all 
full  of  water  at  that  time,  and  when  there  was  a  dry  season  the 
water  simply  came  to  the  surface  and  did  its  work.  I  had  a  talk 
with  Mr.  Calvin  some  years  ago  about  the  probable  necessity  of 
re-creating  pools  of  water  on  those  farms  in  order  to  raise  that  water 
level  a  little  more. 
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Mr.  Clayton.  Mr.  Chairman,  in  investigations  of  this  sort  the 
difficulty  generally  has  been  that  most  of  the  Weather  Bureau  sta- 
tions have  had  their  instruments  changed,  so  that  differences  of  a 
degree  found  by  anyone  examining  data  can  be  mostly  attributed 
to  changes  of  positions  in  the  instruments;  but  the  situation  is  also 
complicated  by  the  fact  that  there  are  undoubtedly  secular  changes 
going  on.  At  Blue  Hill  I  know  the  temperature  has  been  steadily 
rising,  and  as  well  as  we  can  make  out  from  a  record  of  temperature 
taken  near  the  base  of  the  hill  by  a  voluntary  observer,  the  differ- 
ences of  temperature  between  the  last  15  years  and  the  preceding 
15  years  are  something  like  those  that  Dr.  Cline  has  pictured  here. 
The  temperatures  are  higher  in  most  months,  and  all  the  time  I 
was  there  I  was  puzzled  to  find  out  whether  that  was  a  secular 
change,  or  simply  a  change  in  the  quantity  of  smoke  thrown  out 
by  the  factories  of  New  England ;  and  I  do  not  know  to-day,  although 
temperatures  at  a  majority  of  the  stations  in  the  Connecticut  Valley 
and  elsewhere  show  a  tendency  to  rise  in  the  same  way  that  Blue 
Hill  does;  but  the  temperature  at  Block  Island  and  some  of  those 
shore  stations  does  not  show  any  change.  So  whether  it  is  a  secular 
change  or  an  artificial  change  I  do  not  know,  but  the  difficulties 
are  great  because  there  are  secular  changes,  and  there  have  been 
changes  of  instruments.  Dr.  Cline  tells  me  his  instruments  have 
not  been  moved.  He  has,  fortunately,  been  able  to  make  obser- 
vations without  a  change  of  instruments,  but  that  is  very  difficult 
to  find  at  most  stations  to-day. 

Mr.  Fassig.  Mr.  Chairman,  just  one  suggestion  as  to  a  possible 
explanation,  which  is  suggested  to  me  by  a  change  in  the  character 
of  the  surface  of  the  streets  in  Baltimore.  Baltimore  has  been 
practically  resurfaced  in  the  last  five  years,  and  the  character  of 
that  surface  is  totally  different,  and  I  imagine  some  such  change 
in  the  rising  of  temperature  near  the  ground,  although  perhaps  not 
on  top  of  the  buildings,  may  result  from  the  repaving  of  the  city. 
Something  like  that  may  have  been  done  at  New  Orleans  at  some 
time  during  that  period. 

Mr.  HuMPHBEYS.  I  think  there  is  a  physical  cause  different  from 
that  assigned  for  a  part  of  the  changes.  I  do  not  in  the  least  doubt 
that  a  portion  of  the  result  is  from  the  causes  assigned.  I  want  to 
state,  however,  that  the  same  thing  is  happening  the  world  over. 
I  have  studied  the  temperatures  at  a  great  many  stations,  and  I  find 
in  at  least  half  of  them  exactly  the  same  increase  that  Dr.  Cline  has 
found  at  New  Orleans.  The  same  thing  has  been  found  to  be  true 
as  to  European  stations.  Prof.  Abbot,  at  the  Smithsonian^  working 
on  the  records  of  entirely  different  stations  from  those  I  have  used 
also  finds  the  same  result.  We  had  different  sun-spot  influences 
and  totally  different  volcanic  influences  during  the  two  periods  in 
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question.  During  the  first  period  we  experienced  the  later  effects 
of  the  explosion  of  EIrakatoa  and  the  effects  of  a  series  of  volcanic 
explosions  that  followed  it,  all  of  which  projected  dust  into  the 
atmosphere  and,  of  course,  naturally  varied  the  temperature  wher- 
ever the  dust  cloud  extended,  which  was  over  so  large  an  area  that 
the  effects  were  world-wide. 

I  want  to  say,  in  conclusion,  that  part  of  this  effect  is  found  every- 
where, due  partly  to  secular  changes  of  solar  activity  and  partly  to 
irregular  volcanic  eruptions.  If,  however,  we  had  a  great  number 
of  stations  worked  up  in  the  way  Mr.  Cline  has  worked  up  the  New 
Orleans  data  we  would  be  better  able  to  differentiate  between  local 
influences  and  influences  that  have  been  world-wide. 

The  Chairman.  There  is  still  one  paper  left  over  from  the  old 
program  that  we  desire  to  hear  this  morning,  and  that  will  be  by 
Prof.  James  E.  Church,  of  the  University  of  Nevada,  on  "  Snow  sur- 
veying— Its  problems  and  their  solution.''  I  will  ask  the  attendant 
to  arrange  the  lantern,  as  we  shall  need  it  from  now  on. 


SNOW  SURVEYING:  ITS  PROBLEMS  AND  THEIR  PRESENT  PHASES 
WITH  REFERENCE  TO  MOUNT  ROSE,  NEVADA  AND  VICINITY. 

By  J.  B.  CHURCH,  Jr., 
VniverHty  of  Nevada,  Reno,  Nevada. 

SECTION    1 — MEASUBINQ    SNOW. 

The  problem  of  precipitation  and  rnn-off  has  become  the  dominant  meteoro- 
logical problem  in  the  semiarid  States  where  irrigation  is  fundamental  to  Agri- 
culture and  the  streams  must  furnish  water  for  both  crops  and  power. 

Most  of  the  precipitation  available  for  these  purposes  falls  in  the  form  of  snow 
upon  the  higher  mountains  and  gradually  melts  as  the  season  advances  into 
spring  and  summer.  In  Nevada  and  probably  in  other  States  only  6  per  cent 
of  this  water  is  controlled  by  being  Impounded  in  reservoirs. 

Since  the  precipitation  is  limited  and  must  be  used  to  the  best  advantage 
the  seasonal  forecast  should  be  based  upon  the  most  accurate  methods  com- 
patible with  the  service  rendered. 

METHODS    AND    INSTRClCENTa 

Two  general  methods  are  employed  in  estimating  snow  resources : 

1.  Measuring  precipitation  as  it  falls. 

2.  Measuring  the  snow  cover  on  the  ground. 

The  former  alms  to  determine  the  total  precipitation  of  snow  for  the  purpose 
of  supplementing  rainfall  records;  the  latter  is  used  in  determining  the  water 
available  for  irrigation  and  power. 

Measuring  snoto  as  it  falls, — ^The  instruments  employed  in  the  first  method 
are  the  snow  bin  and  the  snow  gauge.  The  snow  bin/  though  apparently  more 
accurate  because  of  its  greater  area  than  the  snow  gauge,  was  early  discarded 

1  Monthly  Weather  Review  88  (June,  1910),  pp.  008-078.  Blgelow:  The  catchment  of 
niowfall  by  means  of  large  snow  bins  and  towers,  41  (January,  1018),  pp  160-101.  Kadel : 
liountain  snowfall  measurements. 
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by  snow  observers,  who  substituted  for  it  several  measurements  by  yardstick 
on  the  ground  near  by  and  the  melting  of  one  or  more  cross  sections  of  snow 
to  determine  the  average  density  of  the  snow  cover.*  The  reason  for  discard- 
ing the  bin  seems  to  be  that  the  snow  did  not  lie  evenly  over  the  floor  of  the 
bin  and  that  in  the  case  of  light  snowfalls  the  catch  was  melted  by  the  boards 
before  measurement  could  be  made. 

Although  the  snow  gauge,  as  improved  by  Fitzgerald,  Rotch,  Fergusson,  and 
Marvin,  permits  the  weighing  of  the  catch  directly,  thus  avoiding  the  errors 
and  annoyances  that  naturally  arise  through  attempting  to  melt  the  snow, 
uncertainty  is  always  present  regarding  tlie  accuracy  of  the  catch.  If  the 
season  is  calm,  the  catch  is  proportionately  greater  than  when  it  is  windy. 
The  Nipher  screen,  if  used  in  connection  with  a  catch  basin  whose  diameter 
is  considerably  greater  than  the  orifice  should  neutralize  the  air  currents  so 
far  as  their  velocity  will  permit  But  since  the  specific  gravity  of  snowflokes 
as  compared  with  raindrops  is  very  low,  their  tendency  to  ride  on  even  the 
lighter  wind  currents  rather  than  sink  to  earth  is  pronounced.  On  Blue  Hill 
all  attempts  to  make  gauge  measurements  near  the  summit  were  early  aban- 
doned for  gauge  and  cross-section  measurements  at  the  base.' 

The  velocity  of  the  wind  is  that  recorded  on  the  obser\*atory  tower,  and, 
therefore,  represents  only  approximately  the  wind  condition  at  the  gauge. 

An  elaborate  plan  to  catch  the  precipitation  on  Mount  Uose  was  reluctantly 
abandoned  for  the  reason  that  it  was  practically  impossible  on  that  exposed 
peak  to  find  a  spot  where  an  average  catch  could  be  obtained.  The  air  cur- 
rents, carrying  the  snow  under  complete  control,  shoot  upward  on  the  wind- 
ward side  and  crowding  over  the  crest  In  a  shallow  compressed  stream 
expand  on  the  lee  slope  in  a  gigantic  vertical  fan,  within  which  a  heavy  back 
current  climbs  the  mountain  until  beaten  down  by  the  main  current  above. 
Only  occasionally  is  the  wind  light  during  precipitation  and  after  such  periods 
the  snow  is  picked  up  by  the  first  heavy  wind  and  precipitated  on  the  lee 
slopes.  Consequently,  if  a  gauge  were  placed  In  a  protected  spot,  it  would 
be  in  danger  of  becoming  overloaded.  Even  on  a  lower  ridge  of  the  mountain 
the  wind  is  still  too  strong  to  permit  the  entrance  of  much  snow  into  the  gauge 
located  there. 

So  far  as  I  am  aware  no  elaborate  comparisons  between  snow  gauging  and 
snow  sampling  have  ever  been  made.  A  possible  comparison  at  Summit 
Station  on  the  Southern  Pacific  Railroad,  where  seasonal  snow  surveys  have 
been  made  for  three  years,  was  prevented  by  the  burying  and  wrecking  of  the 
Marvin  snow  gauge  by  the  deep  snow  which  prevails  at  that  place.* 

^  In  many  instances  only  the  deposit  of  snow  in  the  snow  gauge  was  melted  with  the  con- 
■eqnence  that  errors  in  density  frequently  arose  because  of  the  deflclent  catch  of  snow. 

>  Two  measurements  near  the  summit  of  Blue  Hill  will  illustrate  the  usual  discrepancy 
found. 


Data 

Depth  of 
snow. 

Water 
oontent 
of  cross 
seotkm. 

Snow 
caught 

and 
weighed 

inr** 
oordlng 
gauge. 

Wind. 

Feb.  6, 1907 

16.0 
17.6 

Indut. 
1.49 
L97 

Inches. 
0.72 
1.07 

MUet, 
N.  £.96.6 

Dec.  26, 1900 

8.02.0 

•Monthly  Weather  Review  48.6  (May,  1916),  pp.  217-221.    Pahner:  The  region  of 
greatest  snowfUl  In  the  United  Stotea. 
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During  the  progress  of  the  snow  studies  at  Tahoe  City  a  rough  comparison 
of  the  accuracy  of  measurements  by  snow  gauge  and  snow  sampler  was  made 
during  1911,  1012,  1913,  and  1915.  One  or  more  pans,  15  inclies  in  diameter, 
were  used  as  snow  gauges  in  the  tiiin  forest  where  the  whid  movement  is 
very  moderate,  and  the  seasonal  percentage  of  the  catch  was  compared  with 
that  of  the  snow  cover.  In  1914-15,  a  calm  year,  tlie  divergence  was  less 
than  1  per  cent,  while  in  1911-12  and  1913-14,  the  divergence  was  —17.2 
and  +20.8  per  cent,  respectively,  the  excess  in  the  latter  year  being  due 
probably  to  the  drifting  of  snow  into  the  pan. 

The  seasonal  snow  gauge  proposed  by  many  as  a  means  of  determining  the 
precipitation  in  the  higher  and  more  inaccessible  parts  of  the  watershed 
remote  from  human  liabitation  is  extremely  unsatisfactory,  because  of  tlie 
strong  wind  currents,  the  great  depth  of  the  snow,  probable  freezing  of  the 
contents,  and  consequent  difficulty  in  measuring  tlie  water  content  in  March 
or  April,  when  seasonal  estimates  diould  t>e  made.  A  gauge  heated  by  acetylene 
gas,  as  proposed  by  Brinckley  &  Lee,^  would  t>e  very  expensive,  and  the  cost 
of  installing  a  numl)er  of  seasonal  gauges  of  any  type  would  be  prohibitive. 
If  it  is  possible  for  parties  to  penetrate  to  such  snow  gauges  in  March  or  April, 
it  would  also  l>e  feasible  to  make  the  more  accurate  snow  survey  in  the  same 
locality.  The  one  requisite  would  be  a  cabin  within  a  short  day's  Journey  of 
the  place  with  beds  and  provisions.  There  are  several  proposed  types  of  sea- 
sonal snow  gauge,'  but  the  type  shown  in  Plate  II,  designed  to  hold  the  entire 
season's  catch  of  dry  snow  and  convert  it  in  spring  into  water,  indicates 
the  difficulty  of  attempting  to  solve  the  question  of  snowfall  by  any  such 

mftqiML 

laASXJBmo  SNOW  on  thb  obound. 

SNOW  STAKES. 

The  method  of  measuring  the  snow  on  the  ground  is  far  more  satisfactory. 
The  instruments  employed  are  the  snow  stake'  and  the  snow  sampler.  The 
former  is  stationary  and  indicates  the  depth  of  the  snow  in  its  immediate 
vicinity ;  the  latter  is  portable  and  furnishes  both  the  depth  of  the  snow  and 
Its  water  content 

Snow  stakes  in  ordinary  numl)ers  are  unsatisfactory  except  in  forested 
regions  or  pockets  on  the  mountains  where  the  snow  fields  are  protected  from 
erosion  and  shifting  by  the  wind. 

In  a  series  of  52  measurements  made  consecutively  every  100  feet  over  the 
wind-swept  flank  of  Mount  Rose,  only  six  represented  even  approximately 
the  average  depth  of  the  snow,  while  at  Summit  Station,  situated  in  a  more 
protected,  forested  area,  the  following  variation  has  been  found  between  the 
snow  scale  and  adjacent  measurements : 

^Proc.  Am.  8oc.  Civ.  EDg.  (Aogost,  1915),  Brinckley  and  Lee,  Suggested  changes  and 
extensions  of  the  United  States  Weather  Bureau  Service  in  California ;  also  a  personal 
letter  from  Brinckley. 

*  Monthly  Weather  Beriew  8S  (June,  1910,  pp.  972-7S).  To  those  whose  contents  are 
measured  directly  by  a  graduated  stick  belongs  the  McAdle  seasonal  gauge,  insulated  and 
designed  to  be  buried  in  the  ground  to  keep  the  water  in  the  water  chamber  from  frees- 
Ing,  and  the  seasonal  gauge  on  Mount  Bose. 

The  Fergusson  seasonal  rain  and  snow  gauge  is  designed  to  weigh  and  record  the  pre- 
cipitation as  it  falls  into  the  receiving  can  and  to  indicate  any  loss  of  the  contents,  as  by 
evaporation. 

•Monthly  Weather  Bevlew  41  (January,  1918),  pp.  169-61. 
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Inches. 
Snow  scale 185, 0 

10  measurements  10  feet  apart 140. 8 

1  measurement  in  medium  exposure  among  trees 12L  5 

1  measurement  on  brow  of  liill 97. 0 


..g.o-- — ■ 


Plats  IL 

At  Marlette  Lake,  in  April,  1916,  the  snow  scale  registered  almost  the  same 
depth  as  the  average  of  20  measurements,  the  former  being  7L5  inches  and 
the  latter  06.2  inches.  Yet  50  feet  west  of  the  snow  scale  a  d^th  of  117  inches 
was  found.  If  the  snow  scale  had  been  placed  at  the  latter  point,  the  record 
of  the  depth  of  the  snow  would  have  been  extremely  inaccurate. 
68436— VOL  11—17 32 
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To  furnish  some  Idea  of  the  possible  errors  of  snow-stake  records  if  the 
stakes  are  set  even  as  close  as  one-fifth  of  a  mile  to  1  mile  apart,  the  following 
excerpt  from  a  larger  table  is  Inserted,  in  which  single  measurements  or  two 
or  more  measurements  made  from  1,000  to  5,000  feet  apart  are  compared  with 
a  larger  number  of  measurements  made  from  25  to  100  f^et  apart.  The  type  of 
region  also  is  given.  With  one  exception,  which  is  indicated,  the  measure- 
ments are  taken  from  the  snow  survey  of  1913-14 : 

Tablb  Xi—Egect  of  increoHng  the  dUtance  between  meoMurements  and  decreas- 
ing their  nuviber. 


Typ^ofngloii. 


Nam- 
bwof 


Dis- 
tance 
apart. 


and 

miniinuni 

daptb. 


Dis- 
taooa 
apart. 


Avcr- 
depth. 


PoMlbla 


Taint  slopa  with  oeeaetaial 

timber  screens. 

Lee  Slope 

Timber  line  forest,  Lee  Slope. 
Thinly  forested  slope  exposed 

to  wind 

Summit  cornice,  Lee  Slope. . . 
Mountain  Pass,  Lee  Slope.... 
Hemlock    Forsst,    Summit 

Valley  (101^13) 

Hemlodc  Forest,  Lee  Slope... 
Valley  Floor,  protected  from 

wind: 

Thick  pine  and  fir 

Thin  forest 

Open. 


Feet. 
6,000 
1,000 
1,000 

fiOO 


125 

1,000 
1,000 


fiOO 


1,000 


9.1-64.0 
38.8-101.9 
lOS.  9-183.4 

8S.7-13L1 
85.0-144.1 
08.1-110.0 

78.5-102.3 
i39.»-105.1 


55.0-77.0 
45.5-04.0 
40.8-06.3 


100 
100 
50 

100 
50 

26 

50 
50 


7a5 
7a5 
137.8 

107.8 
115.8 
97.7 

89.7 
148.8 


06.4 
67.2 
60.6 


JflKlct. 
6.2^)1.4 
L0-S2.2 
L0^I6.1 

6.8-28.8 
6.5-80.8 
6.0-29.6 

2.0-fl.5 
L8-12.8 


.1-U.4 
.2-1L7 
.1-10.8 


Ptremt, 

8.6^.1 

L4-45t7 

.7-83.6 

4.9-22.2 
4.8-2L2 
6.1-80.8 

2.2-12.8 
.9-8.6 


.2-17.2 
.4-2018 
.2-17.8 


The  variations,  as  determined  (or  other  years,  are  similar. 

A  similar  variation  exists  even  when  the  snow  stake  is  used  merely  to  show 
the  percentage  relationship  of  one  season  to  another  or  to  normal.  The 
maximum  oscillation  that  may  occur  during  the  period  of  precipitation  at  any 
one  point  in  a  snow  field  has  been  found  to  vary  from  0.8  per  cent  in  a  pro- 
tected cirque  to  as  high  as  142.7  per  cent  in  a  thinly  forested  pass,  while  on 
an  exposed  talus  slope  the  oscillation  would  be  far  greater.  For  example, 
the  seasonal  variation  between  the  average  of  a  series  of  12  measurements 
taken  consecutively  every  25  feet  in  Gontact  Pass  and  a  snow  scale  near-by 
showed  the  following  extremes  of  divergence  between  the  beginning  and  the 
end  of  the  season  of  precipitation : 

Percent. 

lWO-11 7. 5 

1912-13 97. 6 

1913-14 23. 6 

Or  if  the  snow  stakes  be  read  only  at  the  end  of  the  season  of  precipitation, 
when  the  composite  effect  of  all  the  varying  winds  during  the  season  should 
have  created  greater  uniformity  In  tlie  snow  field,  the  local  oscillation  as 
between  seasons  is  fully  as  great,  the  variation  at  a  single  point  during  the 
seasons  of  1912-1915,  inclusive,  having  been  found  to  be  1  per  cent  In  the 
protected  cirque  and  118  per  cent  on  a  summit  cornice. 

The  gradations  In  the  series  are  as  follows : 

Percent. 

Protected  cirque,  1913-1915 1. 0 

Hemlock  forest,  T-ee  Slope,  1913-1915 14. 8 

Hemlock  forest.  Summit  Valley,  1912-13,  1914-15 88. 6 

Thin  forest,  gradual  slope,  exposed  to  \i1nd,  1913-1915 69. 5 

Thin  forest,  Leo  Slope,  1912-1915 03.3 

Summit  cornice,  1912-1915 UaO 
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The  above  data  also  are  based  on  snow  surveys  along  fixed  courses.  In 
the  absence  of  snow  stakes,  which  would  have  been  prohibitive,  the  average 
of  each  five  measurements  was  used  instead  of  single  measurements  to  avoid 
errors  due  to  slight  misplacement  of  the  line. 

Finally,  an  important  consideration,  if  a  high  degree  of  accuracy  is  sought, 
is  the  expense  of  erecting  snow  stakes  in  sufficient  numbers  and  particularly 
of  extra  height  and  strength  where  the  snow  is  deep  and  moving.  But  in 
DO  case  should  dependence  be  placed  on  snow  stakes  for  data  that  are  not 
comparable  unless  read  several  days  after  a  storm  when  the  snow  has  settled. 

THE  SNOW  SAMPLER. 

The  snow  sampler  in  its  most  highly  developed  form  solves  the  difiiculties 
confronting  the  seasonal  gauge  and  the  snow  stakes  and  can  be  operated  any- 
where that  two  men  on  snowshoes  can  go. 

The  problem  of  snow  surveying  is  primarily  that  of  man  power  to  carry 
and  drive  the  instruments.  For  personal  safety  two  men  are  essential;  a 
third  man  adds  materially  to  the  expense. 

No  sampler  is  satisfactory  tliat  does  not  reach  the  bottom  of  the  snow,  and 
snow  12  to  20  feet  deep  is  frequently  encountered.  To  be  driven  to  the  bot- 
tom by  two  men  the  sampler  must  be  small  in  diameter.  At  least  in  firmly 
packed  snow  the  small  diameter  involves  no  apprecial>ly  greater  error  than  the 
larger.  Moreover,  the  contents  can  be  quickly  weighed  without  transference  to 
a  special  bucket,  an  operation  which  involves  much  extra  tiioe  and  effort 

The  Mount  Rose  snow  sampler  was  designed  as  early  as  the  winter  of 
1908-0  for  use  in  snow  studies  in  the  Sierra  Nevada.  It  consists  of  the  tube 
A  (PI.  Ill,  fig.  1),  which  may  be  of  any  convenient  length;  where  deep  snow 
is  to  be  measured,  however,  it  is  usually  made  in  two  or  more  sections,  each 
from  4  .to  10  feet  long,*  which  may  be  Joined  together  as  needed  by  guide 
screw  couplings,  B.  Extending  throughout  the  length  of  the  tube  is  a  row 
of  slots,  G,  through  which  the  length  of  the  sample  or  core  may  be  observed. 
The  depth  of  the  snow  is  indicated  by  a  scale  engraved  on  the  tube  near  the 
row  of  slots.  The  outside  diameter  of  the  tubes  now  used  is  If  inches. 
The  cutter  D  (fig.  2),  which  is  soldered  to  the  tube  At  has  an  internal  diameter 
of  1)  inches  for  a  space  of  about  8  mm.  At  B  the  diameter  is  increased  about 
2  mm.,  forming  a  narrow  shoulder  to  prevent  the  sample  from  falling  out 
when  the  instrument  is  withdrawn  from  the  snow.  The  outside  of  the  cutter 
Is  sometimes  corrugated  to  aid  in  breaking  through  hard  snow.  The  sample 
Is  easily  removed  by  inverting  the  tube,  but  any  snow  adhering  may  be 
dislodged  with  the  cleaning  tool  (fig.  4),  which  can  be  inserted  through 
the  slots.  The  handle  of  this  tool  can  also  be  used  as  a  cylindrical  gauge  to 
detect  any  injury  received  by  the  cutter.  A  thin  coating  of  shellac,  occa- 
sionally renewed,  will  protect  the  metal  from  moisture,  and  reduce  clogging 
or  adhesion  to  a  minimum. 

The  water  content  of  the  sample  is  determined  by  weighing  the  tube  and 
its  core  on  a  spring  balance  (fig.  5;  also  PI.  IV),  the  dial  of  which  is  ruled  to 
indicate  the  depth  of  water  instead  of  its  weight  The  dial  may  be  adjusted 
by  the  milled  head  H,  to  read  zero  when  the  empty  tube  is  supported  by 
the  scale,  thereby  simplifying  the  process  of  reading,  although  there  is  no  gain 

>  Tbe  length  of  the  flnt  section  sbonld  correspond  closely  to  the  depth  of  snow  nsnally 
found,  unless  It  is  necessary  to  have  short  sections  for  ease  In  carrying.  It  matters  Uttle 
whether  the  first  coupling  is  low  or  high  on  the  sampler,  for  the  density  of  the  snow  at  the 
time  of  its  greatest  compactness  varies  less  than  10  per  cent  from  6  to  20  feet  below  the 
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in  accuracy.  The  index  of  the  scale  la  a  narrow  atrip  of  sheet  metal  with  a  line 
roled  on  Its  enter  end  so  that  estimates  of  fractional  parts  of  inches  or  centi- 
meters can  be  made  with  greater  accuracy  tlian  with  the  ordinary  pointer. 
The  scale  itself  is  a  modified  f6rm  of  the  w^-known  Forschner  spring  balance, 
made  of  aluminum  and  weii^iing  only  two-llfths  as  much  as  the  standard 
pattern.  Usually  it  is  accurate  within  about  one  or  two-tenths  of  the  smallest 
division  of  the  dial.    For  convenience  in  reading,  tlie  scale  is  hung  on  a  staff 


r/^s 


I  '  I  '  I  '  \  j/\  '  i  '  <, 


/7^/ 


MT.  R03E 
SNOW  SAMPLER 


Fi^.6 


Plats  IIL 
(fig.  6),  which  at  other  times  may  be  used  as  a  staff  or  a  ski  pole.  A  hinged 
wrench  (fig.  8)  is  sometimes  necessary  to  drive  the  tube  into  desp  compact 
snow  or  to  release  it  A  second  wrench  is  desirable  to  facilitate  unscrewing 
the  sections  when  stuck  or  frozen  together.  The  weight  of  the  entire  equip- 
ment,  including  a  sampler  21  feet  long,  is  about  26  pounds,  and  it  can  be 
easily  carried  even  in  rough  country  by  two  men,  and  has  been  carried  on 
occasion  by  one. 
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Witb  the  Mount  Roae  sampler,  the  water  content  of  snow,  however  dense, 
both  in  the  form  of  cornices  and  on  the  level,  has  been  readily  determined  to 
21  feet,  the  greatest  d^th  yet  f onnd  in  the  basin. 

There  are  other  types  of  snow  samplers,  all  apparently  based  on  the  prin- 
ciple of  weighing.    In  1910  Prol  0.  F.  Marvin,  now  Ohief  of  the  United 


Platb  IV. 
States  Weather  Bnrean,  devised  a  sheet  metal  sampler,*  2.75  inches  in  diameter 
and  approximately  4  feet  long,  having  a  saw-tooth  cutter.     This  sampler, 
however,  has  too  large  a  diameter,  and  is  structurally  too  weak  for  use  in 
measuring  the  deeper  and  more  compact  snows.'    Nevertheless,  it  has  been 

^  U.  8.  Weather  Bureau,  Instnunent  Diyisioii  Circular.  B  (3  ed.),  MeasuremeDt  of  pre- 
dpitatioii. 

*  The  orlgiiial  metal  of  the  Honnt  Bose  sampler  was  galvaDlxed  sheet  Iron,  bat  the  con- 
tlnued  wrecldDg  of  the  apparatus  forced  the  use  of  more  substantial  material. 
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used  successfuUy  by  Goyernment  departments  in  surveys  of  snow  of  mod^nte 
depth. 

The  Kadel  snow  sampler*  was  designed  by  B.  G.  Kadel,  present  Chief  of 
the  Instrument  Division,  United  States  Weather  Bureau,  eq;>eclally  fbr 
weighing  dry  granular  snow,  found  mostly  in  the  Rocky  Mountains  and  on  tbe 
Canadian  prairies.  This  sampler  consists  of  a  sheet-iron  tube,  5.94  indies  in 
diameter  and  5  feet  long,  witliin  which  is  operated  a  simple  fc^m  of  soil  auger 
to  get  beneath  and  raise  the  core  of  snow.  By  means  of  a  cross  pin,  the 
auger  and  tube  are  lifted  from  the  snow  together.  The  core  can  be  weiglied 
in  the  sampler  or,  if  necessary,  can  be  removed  to  a  special  weighing  can. 
This  sampler  is  well  adapted  to  comparatively  light  and  shallow  snows  and 
where  a  limited  number  of  measurements  and  a  high  degree  of  accuracy  are 
desired.  However,  because  of  its  size  and  structure  it  is  necessarily  limited 
to  the  type  of  snow  for  which  it  was  especially  designed. 

Tubes  2  to  8  inches  in  diameter  and  10  feet  long,  but  not  otherwise  described, 
were  used  by  H.  K.  Burton  and  W.  A.  Richmond  in  cooperation  with  the 
United  States  Weather  Bureau  in  Utah,  April,  1913.  The  depth  of  the  snow 
varied  from  1  to  9  feet  and  the  average  density  from  34  to  89  per  cent 
Regarding  these  tubes  Mr.  Burton  writes:  ''It  is  hard  to  keep  them  from 
getting  bent  and  dented,  but  our  principal  trouble,  when  the  hard  layers 
of  snow  were  encountered,  was  the  snow  packing  in  the  lower  end  of  the 
tube." 

The  writer  has  learned  recently  that  Prof.  Angot,  director  of  the  Bureau 
Central  M^t^rologique  de  France,  devised  a  cylindrical  snow  sampler  with 
spring  balance  in  1908,  or  a  year  before  the  Mount  Rose  sampler  was  invented, 
and  that  a  portable  snow-measuring  apparatus  for  use  in  forests  was  designed 
in  Russia  as  early  as  190L  How  efficient  these  samplers  are  for  measuring 
deep  snow  can  only  be  surmised  by  the  fact  that  the  Gletscher-Kommission  of 
ZOrich,  Switsserland,  is  using  a  Mount  Rose  sampler  in  studying  the  glacial 
snows  of  the  Alps.  Despite  the  war,  investigations  have  been  conducted  for 
two  summers,  but  only  a  preliminary  statement  regarding  the  work  of  the 
sampler  has  reached  the  writer. 

The  range  and  accuracy  of  the  snow  sampler  is  limited  only  by  the  sprinir 
balance,  which  loses  in  accuracy  in  proportion  as  it  gains  in  range.  If  the 
sampler  is  light  and  only  shallow  snow  is  measured,  it  should  be  possible  to 
use  a  spring  balance  of  small  range,  and  capable  of  recording  the  water  con- 
tent to  hundredths  of  an  inch,  but  if  a  standard  sampler  capable  of  measurinir 
snow  to  depths  of  10  to  20  feet  is  desired,  a  spring  balance  having  a  range  of 
120  inches  water  content,  in  addition  to  the  weight  of  the  sampler,  must  be 
used.  This  range  necessarily  precludes  greater  refinement  than  tenths  of  an 
inch.  However,  the  use  of  a  lever  balance  would  obviate  every  difficulty, 
provided  such  an  instrument  can  be  made  li^t  and  compact  Such  refinement, 
however,  Is  essential  only  in  the  intensive  study  of  the  snow.  In  snow  sur> 
veying,  where  irregularities  in  the  surface  of  the  ground  and  variations  in 
the  depth  of  the  snow  cover  are  prevalent  a  large  number  of  measurements 
are  more  essential  to  accuracy  than  a  small  number,  however  carefully  made. 

TEST    or    MOUNT    BOSS    SNOW    SAICPLBB. 

8maU  diameter, — ^The  small  diameter  of  the  Mount  Rose  sampler  has  been 
criticized,  on  the  ground  that  the  core  of  snow  cut  would  not  be  sufficiently 
large  to  afford  a  correct  estimate  of  the  water  content  However,  a  careful  test 

»  Monthly  Weather  Review  4S  (May,  1915),  pp.  220-21,  41  (Jan.,  1918),  pp.  160-^1. 
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by  Mr.  Harvey  S.  Cole,  formerly  section  director  of  the  Weather  Bureau  for 
Nevada,  has  shown  that  In  compact  snow  the  sampler  has  an  accuracy  within 
LI  per  cent 
The  following  memorandum  indicate  the  details  of  this  test : 
A  tube  4  feet  long  and  approximately  8  inches  in  diameter  was  filled  with 
snow  and  the  weight  of  the  latter  determined.  From  this  snow  three  cores 
wete  cut  by  means  of  the  sampler  to  insure  obtaining  an  average  sample,  and 
the  average  weight  of  the  three  was  compared  with  the  original  weight  of  the 
snow  in  the  tube  on  the  basis  of  the  cross-section  area  of  the  sampler  and 
the  tube. 

The  cutter  of  the  sampler  was  found  to  have  a  diameter  of  L54  Indies, 
and  a  cross-section  area  of  L868  square  inches.  The  tube  had  an  average 
Inside  circumference  of  25.18  inches,  and  a  cross-section  area  of  50.455  square 
Inches.  The  ratio  of  the  cross  sections  was  consequently  1868:50455.  Be- 
cause of  lack  of  a  spring  balance  indicating  water  content  in  inches,  a  similar 
spring  balance  graduated  to  pounds  and  ounces  was  used.  The  weights  were 
as  follows: 

Table  2. — Accuracy  of  sampler  of  small  orifice  in  dense  snow. 


Dlfrafw 
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Xzp«lmflnt. 

Wa^btof 
tnbaftiU. 

Total  wefeht 
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full. 
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Ptmmit. 
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1 

a 
u 
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16.6 
8.6 

13.6 
8.0 

6 
6 
6 
6 

8.6 

.6 

4.0 
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I 

1 
1 
1 

11.8 
ia8 
1X0 
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I 

I 
1 
1 

11.3 
10.8 
11.0 
18.1 

0.6 

1., 

.8 

• 

1.0 

4 

1.0 

Insufficient  tests  of  the  sampler  have  yet  been  made  in  all  kinds  of  light 
snow.  Tests  of  light,  newly  fallen  snow  of  15  to  20  per  cent  density,  such  as 
falls  in  the  Sierra  Nevada,  indicate  no  loss  because  of  small  diameter.  The 
fbllowing  measurements  of  snow  by  means  of  the  li-inch  sampler  and  4i-indi 
sampler  will  illustrate: 

Tabub  S.— Comparison  of  samplers  of  large  and  smatt  diameters. 


SmaUaaroplar, 

ilSSn^SSa^m. 

Snow. 

Watar. 

Snow. 

Watar. 

7.0 
0.6 

1.8 
L4 
1.3 
L8 

7.0 
6.0 
6.0 
6.6 

L80 
L88 
L33 
L84 

>6.6 

iL80 

16.4 

iL83 

iAvarasa. 

These  measurements  were  taken  at  random  on  the  ground.  For  an  accurate 
test  the  snow  should  be  allowed  to  fall  on  a  platform,  such  as  is  used  through 
the  winter. 

Furthermore,  in  1916,  in  all  of  the  courses  examined  In  the  Tahoe,  Oarsoiit 
and  Walker  basins,  the  greatest  variation  in  relative  density  between  the 
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average  of  all  of  the  measurements  of  indlvidaal  courses  and  of  every  tenth 
measurement  in  such  courses  was  only  2.7  per  cent    See  Table  4^ 

Bfr.  Kadel  has  found  a  considerable  defldency  in  the  case  of  granular 
or  "  tapioca  *'  snow,  due  either  to  the  small  diameter  ^  of  the  cutter  or  to  the 
inability  of  the  sampler  to  lift  the  core.  Sudi  snow  has  not  been  found 
in  the  Sierra  Nevada  and  ought  not  iKNrmally  exist  in  this  form  after  its 
density  has  increased  toward  the  point  of  saturation  at  the  time  of  the  sea- 
sonal snow  survey. 

ACCBETION  OF  SNOW  THBOUGH  THE  SLOTS. 

The  accretion  of  snow  through  the  slots  in  driving  varies  with  the  softness 
of  the  snow,  soft,  dry  snow  accumulating  around  the  core,  which  is  smaller 
than  the  diameter  of  the  tube»  more  readily  than  compact  snow.  Bfr.  Ck>1e 
has  found  this  accretion  to  be  immateriaL' 

In  any  case,  it  scarcely  exceeds  5  per  cent  of  the  total  weight  of  the  core 
and  probably  serves  to  counterbalance  the  loss  in  driving  due  to  leaving  tliin 
butUms  of  snow  on  the  rocks  or  other  impervious  substances.  The  accretion 
of  snow  can  be  greatly  reduced  by  driving  the  sampler  without  twisting. 
Twisting,  however,  must  often  be  employed  to  penetrate  the  snow  or  lift 
the  core. 

ACCBETION  OF  SNOW  FBOIC  BDBIVING. 

The  accretion  from  scrapings  gathered  in  driving  two  or  more  times  in  the 
same  hole  is  for  the  most  part  avoided,  for  the  sampler  has  now  been  so 
perfected  that  it  can  be  driven  with  but  f^w  exertions  through  any  snow, 
however  deep,  without  dogging.  To  show  the  upper  limit  of  correction  for 
accretion  to  be  applied,  the  following  examples  of  extreme  accretion  are 
given: 

Table  4. — Accretion  of  snow  from  redriving  in  the  Mtne  hole. 
CONTACT  PASS,  MOITMT  ROSS,  FSB.  98, 1010. 
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aoo.0 

3 

308.0 

0S.6 
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1 

00.0 

S.60 

1  Monthly  Weather  Review  41  (January,  1918).  p.  160. 

*  In  tbe  sin^e  recorded  teat  made  bj  the  writer,  an  aecretlon  of  0.06  Inch  (water  eqnlva- 
lent)  was  fonnd  In  a  depth  of  100.7  inchea  (water  content  47.7  Inches),  or  0.1  per  cent. 
This  amonnt,  however,  is  abnormallj  small. 

*The  large  nnmber  of  measnrements  in  the  same  hole  was  caused  bj  a  warm  and 
somewhat  mated  sampler  to  which  the  snow,  whether  frosty  or  moist,  tenadoosly  ad- 
hered. Tbe  corresponding  single  and  doable  measurements  were  made  in  tbe  evening 
when  the  temperature  of  the  air  had  fUlen  btf ow  freeslng. 
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SHORT    COBES. 

Short  cores  are  usually  caused  by  compression  or  shaking  down  in  driving.  As 
a  rule  the  length  of  the  ix>re  closely  approximates  the  depth  of  the  snow.  The 
limit  no\Y  regularly  allowed  in  snow  surveying  is  4  inches,  but  it  is  planned 
to  reduce  this  limit  to  2  inches.  Only  when  the  snow  is  held  up  by  bushes 
or  it  arches  above  the  ground  or  crusts  with  soft  snow  l>etween  make  com- 
pression inevitable,  is  a  greater  divergence  allowed. 

However,  divergence  in  the  length  of  the  core  does  not  necessarily  mean  loss 
of  snow  in  driving,  though  it  is  wise  to  keep  such  measurements  under  close 
inspection.  The  following  series  of  measurements,  most  of  which  were  made 
under  adverse  conditions  when  a  succession  of  crusts  interlay  snow  softened 
by  the  sun,^  shows  the  amount  of  compression  that  may  be  possible  without 
serious  loss: 

Table  5. — Divergence  in  water  content  due  to  aliort  cores. 
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Depth. 
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00.4 

68.0 
67.6 

8.1 
3.9 

38.4 
38.1 
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CLOGOXJVG. 

Clogging,  to  which  short  cores  are  often  due,  occurs  mostly  in  the  spring  and 
is  caused  by  the  tendency  of  the  snow,  whether  wet  or  frosty,  to  adhere  to  the 
sampler.  However,  the  affinity  of  the  wet  snow  has  now  been  neutralized  by 
cov^ing  the  sampler  inside  and  out  with  a  coating  of  shellac  or  valspar  varnish. 
The  difficulty  from  frosty  snow  can  be  considerably  reduced  by  keeping  the 
sampler  cool  and  dry  when  it  enters  the  snow.  In  early  spring  or  where  the 
snow  is  deep,  sampling  should  be  d<me  preferably  on  cool  or  cloudy  days  or 
should  be  confined  to  the  evening  or  morning  or  to  the  forests  where  shade  is 
abundant  Later  in  the  spring,  when  the  frost  is  drawn  completely  from  the 
snow  by  each  midday  sun,  clogging  can  occur  for  only  a  brief  period,  morning 
and  evening.  Indeed,  when  the  snow  is  melting  it  is  sometimes  difficult  to 
raise  the  core  complete  l>ecau8e  of  its  tendency  to  idide  through  the  cutler. 

The  chief  difficulty  caused  by  dog^g  and  redriving  is  the  cutting  down  of 
speed  in  sampling,  for  the  accretions  of  snow,  which  occur  in  the  form  of  loose 

^At  sunset  the  snow  hardened  immediately  and  formed  an  admirable  support  for  the 
cmsts  which  conld  then  be  readily  penetrated  by  the  sampler  without  resulting  cbm- 
preoaion. 
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crystals  dislodged  from  the  surface  of  tbe  hole,  can  usually  be  detected  and 
^iminated  while  weighing. 

The  present  {N-oblem  is  to  inrevent  clogging  in  soft  snow  when  the  tempera- 
ture of  the  air  and  that  of  the  snow  are  on  opposite  sides  of  the  freezing  point 
and  sici  men  dread  tbe  persistent  accumulation  of  snow  on  their  ski.  By  fol- 
lowing the  lead  of  these  people,  paraflin  has  been  tried  with  considerable  sue* 
oess.  It  can  be  melted  and  run  on  by  beating  the  sampler  slightly,  and  Is  as 
durable  as  shellac 

Kerosene  is  most  effective,  but  must  be  applied  at  frequent  intenrals.  A  pre- 
pared dressing  for  ski,  and  old  graphophone  records  melted  and  run  on,  have 
also  been  highly  recommended,  but  have  not  been  tried. 

ICE. 

Ice  forms  no  formidable  obstade  to  sampling.  If  the  snow  has  become  satin 
rated  and  frozen,  the  sampler  can  be  driven  through  both  snow  and  ice  by 
plunging  it  up  and  down,  as  in  rock-drilling,  whenever  the  weight  of  the  ob- 
server on  the  wrench  is  insufficient  to  force  it  through.  Clogging  will  occur 
only  if  the  snow  above  the  ice  is  soft 

During  the  present  season  the  snow  on  Mount  Rose  became  saturated  with 
water  and  was  melting,  when  a  long  period  of  cold  weath^  congealed  it  into  a 
mass  of  coarse  frozen  snow  and  ice.  Yet,  the  only  difficulty  in  sampling  was 
the  somewhat  greater  time  required  to  penetrate  the  mass. 

DIBECnONS  VOB  USING  THE  SAMPLES. 

1.  Caution. — (a)  In  transporting  sampler  extreme  care  should  be  had  to 
guard  it  against  injury ;  it  can  easily  be  dented. 

(b)  When  sampling  on  steep  slopes  do  not  cling  to  the  sampler  to  avoid 
sliding  down  hill ;  the  tube  is  easily  bent 

(c)  Keep  the  sampler  covered  with  a  thin  coating  of  shellac  or  paraffin;  thls^ 
not  only  prevents  rust  but  tends  to  keep  moist  snow  from  adhering  to  the* 
tube.    The  threads  of  the  couplings  should  be  kept  thoroughly  oiled. 

(d)  Since  ice  and  rock  sound  and  feel  alike  when  struck  by  the  sampler, 
be  careful  to  determine  what  the  substance  is;  ice  will  not  blunt  the  cutter, 
rocks  will. 

(e)  Keep  the  cutter  sharp  and  the  orifice  true  to  its  original  diameter. 
To  replace  a  damaged  or  worn  cutter,  heat  the  tube  but  only  sufficiently  to  melt 
the  solder  that  holds  the  old  cutter  and  then  sweat  the  new  cutter  into  place. 

2.  Driving  the  sampler. — ^A.  The  difficulties  in  driving  the  sampler  are  two: 
(1)  The  protuberance  of  the  couplings  forms  a  natural  obstacle  to  the  en- 
trance of  the  sampto  into  the  snow.  However,  the  slight  bulge  of  the  cutter 
and  the  teeth  on  it  make  it  possible  by  twisting  the  sampler  to  increase  the 
sixe  of  the  hole  somewhat  beyond  the  diameter  of  the  tube.  The  only  objection 
Is  the  slight  accretion  of  snow  through  the  slots.  (2)  The  presence  of  tem- 
peratures below  82^  F.  in  the  snow  while  the  temperature  of  the  air  is  above 
freezing  often  causes  the  snow  to  adhere  firmly  to  the  orifice  of  the  cutt^ 
after  a  depth  of  from  10  to  12  feet  has  been  reached.  This  difficulty  can  be 
met  in  three  ways: 

(/a)  Withdraw  the  sampler  when  the  cutter  is  clogged  (clogging  during  first 
driving  can  be  detected  by  looking  through  the  slots  to  see  if  the  core  fails  to 
rise),  weigh  the  sample,  and  clean  the  tube.  Then  insert  the  sampler  into 
the  same  hole,  being  careful  to  scrape  as  little  snow  as  possible  from  the  sides 
of  the  hole  into  the  sample,  and  drive  until  the  sampler  clogs  again  (clogging 
after  the  first  driving  can  be  detected  only  by  the  resistance  of  the  sampler). 
Remove  as  before  and  continue  driving  until  the  bottom  is  reached. 
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Since  the  bottom  of  deep  snow  has  a  higher  temperature  than  the  cen- 
ter and  in  spring  is  frost  free»  the  approach  to  the  t)ottom  can  often  be 
detected  by  the  unexpected  ease  with  which  the  sampler  penetrates  the  snow, 
and  sudden  collision  with  rocks  can  thus  be  averted.  The  arrival  of  the 
sampler  at  the  bottom  can  usually  be  told  by  its  **  feel,"  and  after  brief  ex- 
perience it  is  easy  to  determine  the  character  of  the  substance  in  contact  with 
the  cutter,  whether  sand,  wood,  sod,  or  rock,  except  that  rock  and  ice  feel 
and  sound  alike.  In  case  of  doubt  as  to  whether  the  bottom  has  been  reached 
use  firm  pressure  with  twisting  but,  if  possible,  avoid  plunging. 

The  sum  of  the  several  weighings  from  one  hole  represents  the  total  water 
equivalent  at  that  place.  The  scrapings  can  usually  be  eliminated  before 
weighing  by  means  of  the  cleaning  hook,  or,  if  necessary,  after  weighing  by 
separating  them  from  tlie  core  and  reweighing  them.  Scrapings  can  usually 
be  told  by  their  finer  grain  and  lack  of  cohesion.  The  excess  due  to  scrapings 
win  scarcely  exceed  5  per  cent  of  the  water  equivalent  for  each  12  feet 

(&)  In  case  sampling  is  being  done  in  the  forest,  keep  the  sampler  in  the 
•hade  as  much  as  possible  to  keep  it  cold. 

(c)  The  best  method  of  all  is  to  sample  when  the  temperature  of  the  ahr 
Is  at  or  below  freezing,  or  late  in  the  season  when  the  temperature  of  the 
deep  snow  has  risen  to  32''  F.    At  these  times  sampling  is  easy  and  rapid. 

B.  In  driving,  a  steady  downthrust  is  preferable  to  twisting  because  with  the 
latter  a  small  amount  of  snow  enters  the  slots.  If  driving  is  difficult,  use 
the  wrench,  which  can  quickly  be  fastened  into  position.  If  necessary,  stand 
on  the  wrench  while  driving,  but  do  not  place  it  at  any  time  higher  than  2 
feet  above  the  snow,  for  the  tube  may  be  bent  by  the  weight  of  the  observer. 
The  dead  weight  of  one  person,  if  accompanied  by  a  thrust  of  his  body  from 
the  knees  up  (the  feet  must  be  kept  firmly  on  the  wrench)  will  be  more  effec- 
tive than  the  efforts  of  two  men  using  their  hands  on  the  wrench.  It  will 
also  strain  the  sampler  far  less.  If  the  assistant  supports  the  sampler  from 
the  side  opposite  the  observer,  complete  stability  will  be  secured. 

Plunging  should  be  used  only  in  the  case  of  ice  or  as  a  last  resort 

In  case  the  sampler  sticks  or  freezes  down,  a  light  twist  on  the  wrench  will 
usually  release  it 

G.  In  recording  snow  data  a  form  like  the  following  has  been  found  very 
MTviceable: 

Course:  Contact  Pass;  Location:  Mount  Rose. 


NoalMr. 

Dtpth. 

Gore. 

Wtter 

OODteDt. 

D«iirity. 

B«*. 

1 

U.6 

1&6 

las 

2  feat  wwt  of  <kad  tree,  center  of  pMS. 

The  record  can  readily  be  protected  from  becoming  weatherworn  in  the 
field,  fbr,  since  the  sheets  are  made  for  a  loose-leaf  notebook,  they  can  be  re- 
moved soon  after  being  filled. 

The  depth,  core,  and  water  content  are  recorded  in  inches  and  tenths.  The 
length  of  the  core  is  recorded  as  a  check  on  the  accuracy  of  the  measurement 
If  depth  and  core  are  identical,  the  symbol  cc  (core  complete)  Is  used.  In  case 
of  doubt  regarding  the  core,  determine  the  density  (water  content-f^epth= 
density)  and  compare  with  that  of  other  adjacent  measurements  about  which 
there  is  no  doubt  Otherwise  the  density  can  be  computed  at  leisure,  if 
computed  at  all.  The  remarks  should  include  special  items,  such  as  location 
of  measurement  character  of  forestation,  character  of  snow,  nature  and  con- 
dition of  soil,  whether  dry,  wet  or  frozen,  etc. 
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CUTTINO  AND  WEI0HII70  CUBES. 

The  method  of  cutting  ancf  weighing  cubes  from  the  top  and  bottom  strata 
of  the  snow  has  long  been  used  by  the  Southern  Pacific  Railway '  in  seasons  of 
heavy  snowfall  to  determine  the  weight  of  snow  accumulated  on  its  snow- 
sheds  with  a  view  to  shoveling  it  off,  if  necessary. 

This  method  has  been  recommended  by  some  for  determining  the  water  con- 
tent of  the  snow.^  However,  the  laboriousness  of  the  operation,  the  fewness 
of  the  measurements  possible,  and  the  crudeness  of  the  estimate  make  the 
method  one  of  the  least  desirable  of  the  many  proposed. 


DEPTH    ONLY. 

The  use  of  measurements  of  the  depth  of  snow  on  the  ground  irrespective  of 
water  content,  if  taken  at  a  sufllcient  numl)er  of  points  and  after  the  snow  has 
settled,  is  a  far  more  accurate  method  of  determining  the  relative  amount  of 
precipitation  than  appears  at  first  sight,  but  is  subject  to  some  variation 
according  to  the  character  of  the  season.  It  is  far  superior  to  the  accumulated 
snowfall  measured  storm  by  storm. 

The  reason  for  its  general  accuracy  lies  In  the  fact  that  the  limits  of  varia- 
tion in  the  density  of  snow  of  all  depths  between  the  elevations  of  5,000  and 
10,800  feet  during  February-March  are<68.8  and  44.7  per  cent  and  during  April- 
May,  88.6  and  50.6  per  cent,  or  approximately  10  per  cent  during  either 
period  and  6  per  cent  between  the  periods  themselves  (see  Appendix,  Table 
I,  Increase  in  Density  with  Elevation,  Depth,  and  Season).  This  variation, 
however,  is  based  on  the  average  of  many  measurements  and  not  on  indlvidnal 
ones. 

The  errors  of  this  method  by  single  or  occasional  measurements  of  depth 
at  calendar  dates  irrespective  of  the  condition  of  the  snow  is  shown  in  the 
following  comparison  of  methods  at  Summit  Station : 


Table  e.'-<!<mparison  of  depth  otUy  with  other  method9. 

Umn. 

Peroentage  of  normal. 

1909-10 

1910-11 

19U-13 

i9u-ia 

1913-14 

1914-15 

19IM0 

Aoeumnlftted  mow  mMSured  stonn 

Indui. 
342L6 
M.9 

90.4 

ma 

140.S 

iAa.9 

Oft.1 
OLO 

7S.3 
57.0 

llAO 
142.8 

9&5 
137.0 

134.9 

mi 

VarUtion 

l&l 

12.0 

4.1 

17.0 

34.3 

33.5 

3^2 

09.1 
43.76 

oouneB): 
Depth  of  anow 

£ao 

40.2 

147.2 
10L9 

102.3 
10L9 

134.5 

Water  ocmtent 

14ft.5 

The  mean  of  the  sampler  measurements  is  based  only  on  three  years,  1912- 
1915,  and  a  part  of  the  measurements  has  been  interpolated  or  corrected  for 
differences  in  date.    The  percentage,  therefore,  is  only  approximately  correct 

The  measurements  of  snow  on  the  ground  March  81,  maintain  their  close 
correspondence  to  the  sampler  measurements  except  in  1915,  when  a  fall  of 
snow  that  had  not  had  time  to  settle  raised  the  seasonal  percentage  unduly 
high.  The  variation  in  percentage  between  the  depth  of  the  snow  as  measured 
by  the  sampler  in  fixed  courses  and  its  water  content  is  less  than  5  per  c^it 
However,  in  the  surveys  of  the  Tahoe  Basin  variations  of  18.5  per  cent  have 
occurred. 

1  Monthly  Weather  Review  43  (May,  1915),  p.  221;  41  (July.  1918),  p.  1098. 
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Dffl'JSJftMININO    THE    WATER    CONTENT    OS    DENSITY    OF    SNOW    COVER    FROM    TABLES. 

To  make  it  possible  for  engineers  and  weatlier  observers  to  estimate  the 
water  content  of  the  snow  without  a  sampler  under  d^nite  conditions  of 
season,  elevation,  and  forestation,  a  set  of  '*  Tables  of  snow  densities  arranged 
according  to  seasonal  precipitation  and  melting/*  Appendix,  Table  11,^  has 
been  compiled  on  the  basis  of  16420  measurements  of  all  types  of  snow  in 
the  Sierra  Nevada.  One  precaution,  however,  should  be  carefully  observed: 
The  measurements  should  be  made  several  days  after  the  last  previous  storm 
so  as  to  give  the  snow  newly  fallen  a  chance  to  settle  and  acquire  approxi- 
mately the  density  of  the  snow  cover  beneath.  The  following  table  indicates 
the  degree  of  accuracy  that  such  estimates  should  have : 

Table  7. — Comparison  of  sampler  measurements  and  tables. 
[Entire  courses  only  are  compared,  191S-1915.1 

INCHES. 


1913-13 

1913-14 

1914-15 

Stations. 

Depth. 

Water 
content 

Table. 

Depth. 

Water 
content. 

Table. 

Depth. 

Water 
content 

Table. 

80.4 
94.1 
40.4 
46.2 
71.2 
05.4 
60.9 
70.0 
62.6 
88.8 
39.5 
37.1 
31.9 
49.4 
U.1 
58.0 
5L6 
56.5 

40.04 
43.17 
14.90 
18.26 
25.67 
35.72 
30.21 
31.36 
35.54 
37.67 
15.83 
9.18 
7.34 
30.08 
6.S8 
34.56 
30.96 
35.06 

a  35  0 

Warxl  Creek 

49.8 

20.20 

19.6 

100.3 
66.1 

24.0 

50.0 
24.0 

640  3 

TahoeClty 

14.6 

<16.6 

Blackwood 

35.7 
83.9 
61.6 
fll.7 
77.4 
89.7 
31.6 

17.64 
30.20 
22.37 
24.80 
32.06 
35.86 
13.38 

14.0 
36.0 
31.0 
29.0 
34.1 
37.9 
11.2 

57.5 
143.9 
107.3 
146.5 
134.2 

Z5.53 

63.07 
52.67 
G8.83 
65.92 

23.0 
66.0 
49.4 
67.7 
65.1 

36  6 

Babloon 

41  7 

MotmtTalJae 

25  0 

Mount  TaUac(», 760).. 

MountTaUao{SOOO) 

LakeLucOe,,....... 

31.6 

'1 36.0 

37  0 

Glen  Alpine 

56.6 

26.. 58 

23.8 

15  8 

BjSi...T,..»;i."i."i;;;."; 

9  88 

ZeuiyrCove 

7-9 

SrtattaLaka.    .  . 

lOiS 

Olenbroek...: 

6.65 

Mount  Bom 

38.9 
36.5 
48.6 

15.81 
9.47 
18.36 

16.0 

8.65 

31.0 

99.9 
70.5 
90.8 

48.18 
33.55 

48.06 

'48.66 
31.54 
44.3 

<30.9 
33.4 
36.3 

«  Aprll-lCaj,  87. 
»AjDril-lfo7»44.5. 
•  Ub  open,  17.5. 


s  Water  ninnlng  from  snow,  Jone^uly  31.4. 
<  Cornice,  talus,  Timber. 


The  relative  density  of  tlie  snow  at  10,000  feet  in  Wyoming  as  measured  in 
1015-16'  lags  consideraUy  behind  the  snow  in  the  Sierra  Nevada  in  February- 
March,  but  approximates  it  more  closely  in  April-May,  when  melting  begins. 
The  extremes  of  depth,  water  content,  and  density  during  the  winter  were 
as  follows: 

Table  8. — Density  of  snow  in  Wyoming,  season  of  1915-16. 


Months. 

Depth 
of  snow. 

Water 
contstt 
of  mow. 

Density. 

Deoember-JaDuarT ,    ....  . 

30-57 
70-aO 
75-48 

/neftet. 

6.0-lS.O 
16.6-31.1 
33.8-19.6 

Peretmt. 
30-38 

Fftwntry-Manfh , 

31-36 

^rK5y^?I^^;";;ii;!";i::ii;::;;;:;;;;:;;::::::;;::;:;::;::;;^ 

31-40 

^ Bopreaeiitative  tables  selected:  February-March,  5,000'-7.000' ;   April-May,   7,000'- 
O.OOC;  AprU-May,  •,000'-10,800'. 
>  Bngineertng  and  Omitracting,  XLVI,  0  (Aug.  80,  1016),  p.  100. 
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Such  tables  should  have  a  special  value  in  estimating  the  stress  on  roofi» 
snowsheds,  and  other  structures,  and  the  water  content  of  snow  fields. 

EVAPORATION. 

1.  8nou?. — ^Auxiliary  to  the  measurement  of  the  snow  on  the  ground  is  the 
measiu'ement  of  the  evaporation  that  occurs  in  the  snow  fields  during  the 
season  of  melting,  next  the  losses  through  absorption  by  the  soil  during  run-off^ 
and,  finally,  the  evaporation  from  water  surfaces  during  storage. 

The  measurement  of  evaporation  from  snow  is  necessarily  confined  to  pans. 
Evaporation  pans  15  inches  in  diameter  and  6  inches  deep  have  been  adapted 
to  the  spring  balance  of  the  snow  sampler,  the  area  of  the  pan  to  that  of  the 
sampler  bearing  the  ratio  of  100 : 1.  Therefore,  although  the  dial  of  the  spring 
balance  can  be  read  directly  only  to  tenths  of  an  inch,  the  reduction  of  the 
data  gives  the  evaporation  in  thousandths.  The  pans  are  painted  white  to 
reduce  the  absorption  of  heat  They  are  filled  level  full  with  surface  snow  by 
means  of  a  special  cutter,  and  so  far  as  possible  are  kept  buried  in  snow 
nearly  to  their  rims  to  reproduce  to  some  extent  the  conditions  of  the  continu- 
ous snow  field. 

To  minimize  the  effect  of  subsidence  and  retraction  of  the  snow  in  the  pans* 
they  should  be  filled  in  the  evening  so  that  evaporation  measurements  can  be 
obtained  for  more  than  half  of  the  diurnal  period  before  any  sulMSidence  or 
shrinkage  occurs.  Except  in  freezing  weather,  the  pans  should  he  wei^ied  and 
preferably  refilled  once  every  24  hours. 

To  test  the  accuracy  of  the  work  the  pans  should  be  used  in  pairs.  Hooda 
of  canvas,  supported  and  held  in  position  by  a  tripod  of  rough  edgings,  are 
effectively  used  to  protect  the  pans  from  falling  snow  and  rain.  These,  how^ 
ever,  are  useless  when  the  wind  is  high  or  the  snowfall  extremely  heavy. 

As  the  free  circulation  of  air  under  the  hoods  is  carefully  maintained,  so  fai 
as  stress  of  weather  will  permit,  the  factor  of  correction  to  be  applied  to  the 
pans  with  hoods  is  small,  even  in  places  fully  exposed  to  the  sun.  The  fol- 
lowing table  indicates  the  limits  of  correction  to  be  usually  applied : 

Tabub  9.— OomfKiriton  of  hooded  and  open  pan9,  Tahoe  City, 


Date.  . 

Weather. 

WUid. 

Evaporation. 
Incbee  of  water. 

Percent- 

9t»0i 

correc- 
tion for 
boodod 
pans. 

Bemarka. 

Hooded 
pan. 

Open 
pan. 

Differ- 
ence. 

Ptob.O 

Gear  to  cloudy 

Part  cloudy 

Cloar 

sw. 

8. 

w. 

N. 
E. 
SW. 

0.01S 
.027 

.011 
.040 
.050 
.020 

0.016 
.029 

.021 
.030 
.050 
.029 

0.002 
.002 

.010 
.001 
.000 
.000 

-U.l 
+  7.4 

0 
-M5.0 

Feb.  10. 

Trace  of  snow  feU  In 

F^b.  11 

open  pan. 

Feb.  13 

Feb.  15 

do 

Overcast 

Feb.  17 

Cloudy 

Some  sleet  and  snow 

fell  in  open  pan. 

Total 

.186 

.184 

.018 

» -1-10.8 

i  Total  miloa  of  windi-438.13;  miles  per  boor- 1.68. 
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A  proloDged  comparison  of  hooded  and  open  pans  at  Marlette  Lake  during 
April  and  May,  1916,  when  very  little  precipitation  occurred  to  distort  the 
measurements  shows  an  even  smaller  divergence  between  them.  The  pans  were 
in  pairs,  consequently  the  measurements  may  be  accepted  as  fairly  accurate. 
The  evaporation  is  uniformly  greater  from  hooded  than  from  open  pans. 

Table  10. — Prolonged  comparison  of  hooded  and  open  pans  at  Marlette  Lake, 


Hooded  pftos. 
Inches. 

Olgngma. 

Divergence. 

Date,  mo. 

No.l. 

No.  3. 

Average. 

No.1. 

NaS. 

Average. 

Inches. 

Percent. 

age  of 
correc- 
tion for 
hooded 

pans. 

April 

1.708 
1.000 

1.715 
1.133 

1.712 
1.101 

1.519 
1.015 

1.630 
1.078 

1.525 
1.047 

a  187 
.054 

—10.9 

May.;::::::;::::::::: 

-  4.9 

One  difficulty,  however,  is  almost  insurmountable.  This  is  the  drifting  of 
snow  into  and  the  erosion  of  snow  out  of  tlie  pans  during  high  winds.  If  the 
wind  Is  not  too  strong,  the  spindrift  can  be  avoided  by  hanging  the  pans  from 
the  tripod  of  the  light  poles  to  which  tlie  hood  Is  fastened ;  but  if  the  wind  is 
strong  enough  to  raise  the  drift  snow  much  above  the  surface  of  the  snow  field, 
erosion  as  well  as  drifting  will  result,  and  the  observer  Is  helpless.  Trouble  of 
this  kind  is  very  prevalent  on  the  higher  slopes  of  the  basin,  and  is  not  infre- 
quent even  on  the  basin  floor.  Fortunately,  by  the  1st  of  March  or  April,  when 
the  evaporation  measurements  are  most  necessary,  the  snow  has  become  more 
compact  and  the  wind  less  strong. 

The  situation  of  evaporation  pans  should  be  such  that  the  average  conditions 
of  the  basin  will  be  well  represented,  particularly  the  average  movement  of  the 
wind.  If  possible,  both  the  floor  and  the  rim  of  the  basin  should  have  each  iti9 
set  of  pans,  for  the  rates  of  evaporation  at  the  two  levels  are  quite  divergent 

The  pans,  however,  must  be  within  daily  reach  of  an  observer.  The  weather 
of  both  parts  of  the  basin  should  be  recorded  preferably  by  a  meteorograph  in 
order  to  obtain  continuous  records  of  tlie  humidity,,  temperature,  and  velocity 
and  direction  of  the  wind.  If  a  meteorograph  is  too  expensive,  at  least  a  ther- 
mograph and  a  field  anemometer  should  be  Installed  at  each  level,  and  a  hygro- 
graph  should  be  maintained  at  some  point  In  the  basin. 

Where  several  basins  lie  In  close  proximity  to  each  other  It  is  possible  that 
the  evaporation  studies  can  be  centralized  in  one  basin  and  utilized  in  the 
others. 

2.  Lakes  and  reservoirs. — ^The  study  of  water  evaporation  from  large  lakes 
and  reservoirs  requires  apparatus  of  a  type  radically  different  from  the  evapo- 
ration pans  used  successfully  in  small  rivers  and  ponds.  At  least,  comparison 
between  evaporation  from  a  lake,  which  Is  often  subjected  to  violent  wave 
action,  and  from  the  tranquil  water  of  a  pan  Is  futile,  especially  when  the 
temperatures  of  the  water  In  the  open  lake  and  in  the  pan  are  widely  diver- 
gent and  the  wind  movement  on  the  protected  shore  is  far  less  than  on  the 
open  lake. 

A  tentative  plan  recently  devised  for  lAke  Tahoe  is  to  make  the  lake  itself 
an  immense  evaparation  pan  by  attaching  a  still  well  directly  to  it  in  order 
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to  determine  its  fluctaati<»i8  minately.  By  measuring  the  inflow  and  outflow 
of  tbe  lake  and  applying  corrections  based  on  them  to  the  recorded  fluctua- 
tions of  the  lake  leyel,  the  quantity  of  evaporation  should  be  determined  very 
clos^y,  provided  the  seepage  throu^  the  lake  bottom  is  not  great  The  plan 
will  be  particularly  simple  in  the  winter  and  early  spritig,  when  the  streams 
are  dormant  and  the  outlet  is  tightly  closed. 

The  temperature  of  the  air  and  water  and  the  movement  of  the  wind  will 
be  recorded  by  instruments  carried  on  a  small  flatboat  in  the  middle  of  tbe 
lake,  and  suppl^nentary  measurements  of  wind  and  temperature  will  be  re- 
corded on  the  sh<n*e.  When  the  factors  of  divergence  have  been  determined, 
measurements  of  wind  and  temperature  will  be  restricted  mainly  to  the  shore. 

The  design  of  the  still  well  is  as  follows :  A  tank  of  galvanised  iron,  18  inches 
in  diameter  and  sufliciently  deep  to  record  the  maximum  and  minimum  lev^ 
of  the  lake,  will  be  sunk  in  the  ground  on  the  shore  of  the  lake,  where  complete 
protection  can  be  had  against  surf  and  freezing.  The  tank  will  be  connected 
with  the  lake  by  means  of  a  small  pipe,  whose  orifice  will  be  extended  suffi- 
ciently far  beneath  the  water  to  exclude  all  sudden  fluctuations  of  the  lake. 

Tides  due  to  wind  or  moon  will  probably  affect  the  level  of  the  well,  bat  by 
using  a  recording  mechanism  such  movements  should  be  plainly  recorded  in  the 
trace  and  easily  eliminated. 

If  it  is  necessary  to  provide  some  means  of  checking  the  accuracy  of  the 
float  attached  to  the  recording  gauge,  a  hook  gauge  of  wide  range  can  easily 
be  installed  in  the  tank.  It  would  seem,  however,  that  a  stream-level  gauge, 
fltted  with  nomriipping  cable,  should  furnish  a  satisfactory  record. 

The  above  plan  is  necessarily  restricted  to  reservoirs  and  lakes  that  are  fed 
through  deflnite  inlets.  In  the  case  of  those  fed  mostly  through  percolation 
from  their  banks,  the  problem  is  extremely  difficult  However,  some  check. 
measurements  can  be  made  by  noting  the  variations  in  the  rise  of  the  water 
*  level  that  accompany  changes  in  wind  or  cloudiness,  provided  that  the  tem- 
perature remains  approximately  unchanged.  In  any  case,  a  fall  in  the  tempera- 
ture will  affect  the  run-off  rather  than  the  evaporation. 

Running  streams  resemble  lakes  except  that  there  is  usually  less  atomizing 
of  the  water  through  agitation.  Any  measurement  of  the  evaporation  must 
necessarily  be  confined  to  pans  immersed  in  the  stream. 

Fortunately,  there  exists  for  Lake  Tahoe  a  series  of  observations  more  or 
less  frequently  made  1889-^1906  by  United  States  Geological  Survey  and  United 
States  Redamation  Service  by  means  of  a  floating  pan  2  feet  cube  in  the  river 
mouth  where  there  was  fair  exposure  to  wind  and  sun.  This  series  has  been 
elaborated  In  a  series  of  tables  by  Edwin  Duryea,  Jr.,  Bngineerlng  News, 
February  29,  1912,  pages  880-883. 

ABSOaPnON   BY  THE  80IU 

The  absorption  of  water  by  the  soil  during  run-off  is  naturally  proportional 
to  the  character  of  the  soil  and  the  gradient  of  the  slope.  If  the  preliminary 
data  are  exact,  the  normal  amount  of  absorption  can  be  readily  determined 
by  subtracting  the  run-off  from  the  water  content  of  the  snow  fields  after  due 
regard  has  been  had  to  correct  both  the  snow  and  the  water  measurements  for 
evaporation. 

There  remains,  however,  the  larger  question  as  to  how  far  the  normal  absorp- 
tion is  decreased  by  steady  or  copious  run-off  and  increased  by  intermittent 
or  scanty  run-off. 
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The  facts  can  be  roughly  determined  by  preparing  two  long,  deep  trays 
of  granite  sand  or  other  soil,  tilted  to  the  angle  desired,  and  running  a  fixed 
amount  of  water  through  them — through  one  intermittently  and  through  the 
other  constantly,  and  then,  repeating  the  experimentt  through  one  copiously 
and  through  the  other  scantily — to  determine  what  proportion  of  water  in 
each  case  will  come  through  and  drain  off.  To  avoid  evaporation,  except 
such  as  may  occur  by  capillary  attraction,  the  water  should  enter  the  sand 
beneath  the  surface.  Of  course,  the  longer  and  deeper  the  box  of  sand,  the 
more  satisfactory  the  experiment  will  be. 


The  following  table  shows  the  general  plan  of  keeping  monthly  records  of 
the  precipitation,  evaporation,  and  lake  level  at  the  headquarters  station  in  the 
Tahoe  Basin,  and  the  value  of  exact  data.  The  study  of  the  evaporation  from 
the  lake's  surface  had  not  yet  been  begun.    The  error  in  sampUng  is  usually 
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The  rlBe  in  the  lake  levd  was  2^  Inches  le«  than  the  net  predpttatloD 
at  Tahoe  city.  This  is  to  be  expected,  tor  the  i>recipitation  ov^  the  entire 
lake  is  approximately  23  pear  cent  less  than  at  this  place.  On  this  basis  the 
rise  should  have  been  8.49  inches,  less  correction  for  the  excess  in  evaporatioo 
of  water  over  snow.  The  apiNxncimate  rise  was  8.64,  an  excess  of  0.15  Inch, 
i^ch  should  be  still  farther  increased  for  difPerence  in  evaporation. 

SHOW  suBvcmro. 

Snow  snrv^ing,  as  distinguished  from  other  forms  of  snow  measurement, 
consists  in  the  sampling  of  large  areas  of  snow,  covering  even  entire  water- 
sheds, in  order  to  obtain  data  from  which  to  determine  the  seasonal  run-off. 

Its  value,  apart  from  its  ^dency  as  compared  with  oth»  methods,  lies 
in  the  ftict  that  it  can  be  used  in  remote  watersheds  independent  of  habita- 
tions and  habitants,  and,  since  surveys  need  not  be  made  untU  early  spring, 
it  makes  possible  the  elimination  of  all  the  dements  of  uncertainty  and  loss 
that  prevail  in  the  depth  of  winter  when  the  winds  are  at  their  worst 

MSTHODS. 

There  are  two  general  methods  of  snow  surveying:  (o)  By  seasonal  per- 
centage, and  (b)  by  areas. 

suBvcmf e  bt  siasonal  pebobntaob. 

Surveying  by  seasonal  percentage  is  the  antithesis  of  survejring  by  areas, 
for  the  object  is  not  to  determine  the  exact  acre-feet  of  water  in  the  snow 
fl^ds  of  the  watershed,  but  rathar  to  determine  the  percentage  relationship 
of  such  snow  to  the  snow  that  normally  occurs,  and  then  apply  the  resulting 
percentage  to  the  normal  run-off  as  measured  at  the  outlet  of  the  basin.  In 
this  method  the  normal  seasonal  factors  of  evaporation  and  wastage  by  the  soQ 
are  eliminated  and  only  the  abnormal  variations  due  to  slow  or  rapid  mating; 
deficient  or  excessive  winds,  light  or  heavy  precipitation,  need  be  considfired  la 
the  estimate.  In  the  case  of  lakes  and  reservoirs  somewhat  greater  correctloiis 
must  be  applied  than  in  the  case  of  narrow  streams. 

The  immediate  application  of  this  method  must  presuppose  a  normal  or  some 
previous  seasonal  measuranent  of  snow  and  run-off  in  the  bashi  surveyed. 
Otherwise,  such  normal  must  be  gradually  obtained. 

In  surveying  by  this  method  the  prime  essential  is  the  maintenance  oC 
fixed  courses  in  characteristic  parts  of  the  basin.  These  courses  should  be 
numerous  enoui^  to  indicate  any  oscillation  in  precipitation  over  the  basin 
and  at  Novations  suflldently  hi^  to  avoid  eccentricities  in  the  estimate  caused 
t^  the  melting  of  the  snow  during  the  winter.  Where  the  region  is  wind* 
swept,  the  courses  should  be  long  and  where  feasible  should  represent  wind* 
ward  as  w^  as  leeward  slopes. 

TAHOB  BASm. 

So  ftur  as  known  this  method  has  been  developed  and  applied  only  In  the 
Tahoe  Basin,  except  that  the  United  States  Weather  Bureau,  in  cooperatloii 
with  the  writer,  has  conducted  one  seasonal  survey  In  the  Carson  and  Walker 
Basins. 

Since  the  basin  is  relatively  large  as  compared  with  the  othw  basins  snr- 
▼eyed  and  is  locally  quite  diverse  in  elevation,  slopes,  and  precipitation.  It 
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fornlshes  a  very  satisfactory  field  laboratory  in  which  to  determine  the  relative 
efildency  of  the  various  methods  of  snow  surveying  and  reduce  the  problem  of 
mow  and  run-off  to  its  lowest  possible  terms. 

CHARACTEBISnCS   OF  THE  BASIN. 

The  Tahoe  Basin  extends  in  a  northerljL-southerly  direction  along  the  axis 
of  the  Sierra  Nevada  between  the  main  summit  of  the  range  and  an  eastern 
spur  of  slightly  greater  height  The  floor  of  the  basin  lies  at  6,225  feet  and  its 
walls  reach  thehr  greatest  elevation  at  10,900  feet  The  average  elevation  of 
the  entire  basin  is  7,500  feet  The  longer  axis  of  the  basin  is  approximately 
80  miles,  the  shorter  20.  A  lake  13  by  22  miles,  with  a  coast  line  of  76  miles, 
lies  in  the  center  of  the  basin  and  afPords  ready  access  by  means  of  a  cabin- 
cruiser  to  all  parts  of  the  watershed  throughout  the  year.  The  land  area  of 
the  watershed  Is  804  square  miles,  the  area  of  the  lake  itself  192.7  square  miles. 

Since  the  precipitation  diminishes  rapidly  even  at  the  same  elevation  east- 
ward from  the  summit  the  Tahoe  Basin  is  divided  naturally  into  two  predplta^ 
tion  zones.  In  the  western  zone  the  precipitation  is  approximately  double 
that  of  the  eastern  and  the  forests  are  consequently  denser.  Furthermore,  tlie 
mountains  in  the  southwestern  part  of  the  basin  are  rugged  and  on  their  nortb- 
em  ftioes  conserve  the  snow  until  late  in  the  summer. 

The  minor  variations  in  precipitation  are  complex.  Along  the  summit  of  the 
Sierra  Nevada,  which  forms  the  western  rim  of  the  basin,  the  preclpltatioo 
increases  slightly,  and  for  the  most  part  regularly,  from  the  northern  to  the 
southern  end.  Yet  along  the  lake  shore  the  precipitation  increases  rapidly 
until  the  halfway  point  is  reached,  when  it  decreases  to  the  southern  end» 
where  the  minimum  precipitation  for  this  side  of  the  lake  occurs. 

Unfortunately,  far  less  attention  has  been  given  to  surveying  the  eastern  side 
of  the  basin,  the  major  part  of  the  work  on  this  side  having  been  confined  ta 
Mount  Rose  and  Harlette  Lake  in  the  northeast  and  to  measurements  along 
tbn  shore. 

The  relief  map  of  Tahoe  Bashi,  containing  the  precipitation  measurements  for 
1915,  will  illustrate  the  diversity  in  precipitation  encountered. 

■BASONAL  0SOILL4TIOII  III   WCIWTATIDlf, 

In  addition  to  the  constant  divergence  in  precipitation  mentioned  above, 
which  affects  only  the  method  of  surveying  by  areas,  is  the  seasonal  oscillation 
which  affects  the  method  of  surveying  by  seasonal  percentage  as  welL 

This  oscillation  has  been  computed  by  taking  the  precipitation  at  the  north- 
western part  of  the  basin  as  the  point  of  departure.  This  oscillation  is  found 
to  progress  consistently  from  north  to  south  and  from  west  to  east  as  storm 
areas  widen  or  lengthen.  That  drift  snow  forms  only  a  minor  factor  in  this 
oscillation  Is  shown  by  the  fact  that  with  a  single  exception,  both  plus  and 
minus  values  are  consistent,  irreq;)ective  of  the  fiidng  of  the  slope  upon  which 
the  measurements  were  made. 

A  table  of  the  years  1900-1915  is  inserted  for  detailed  study.  As  will  be 
seen,  the  maximum  amount  of  oscillation  between  the  north  and  south  ends  of 
the  basin  during  the  years  tabulated  is  25.8  per  cent  the  minimum  5.4  per  cent, 
and  between  the  east  and  west  sides  17.8  and  2.5  per  cent  respectively.  How- 
ever, if  the  average  of  the  oscillations  of  the  sides  and  ends  be  taken,  the 
possible  divergence  is  reduced  to  16.2  and  7.2  per  cent  respectively.  If  the 
east  central  and  southeastern  divisions  were  added,  the  divergence  would  be 
still  further  reduced. 
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Tablb  12.— ^ecMonol  oMdUatUm  of  snow  cover  in  Tahoe  BoHh,  lM$ed  am  water 

content. 


Wattf  O0Qt«U  (faiolMi). 

vn^io 

19U-12 

normal 

1913-lS 

1918-14 

1914-15 

ms-io 

normal 
(1913- 
1915). 

17.81 
80.20 
37.17 
14.51 
35.00 
14.51 

04.73 
03.07 
50.30 
4191 
02.37 
42.91 

43.17 
35w73 
33.88 
23.58 
37.25 
23.53 

07.30 
02.41 
01.60 
30.95 
03.77 
30.95 

41.90 

WmL 

ao.10 

23.45 

44.11 

43.00 

Southwwt 

89.78 

NortfaMSt 

22.01 
8A.10 
22.01 

13.54 
32.45 
ia.54 

3a.  03 
44.11 
30.03 

30.98 

wSride.:::::::::;:::;::;:;:::;:::: 

41.80 

BMtBldt        ......             a 

30.98 

QMsraphleia  twtiooi  of  TahM  BMiiL 

Variations  betiraon  sactions  baaed  on  aeaaonal 
parcantaca. 

190»-10 

1911-12 

19U-13 

1913-14 

1914-15 

191fr.li 

Northwist 

42.5 
7a2 
OSwS 
63.8 
•35.8 

oa3 

63.8 
+0.5 

154.5 
140.7 
140.1 
160.0 
+5.4 
150.1 
169.0 
-8L9 

105.0 
83.1 

82.7 
87.2 
+20L3 
89.0 
87.3 
+3.5 

lOOiO 

Wast 

8L8 

8a9 

145.1 

Southwist 

154.8 

NorthMiit 

82.7 

60.9 

137.0 

MaximiiMi  TulatJoo  !>ttwn«i  north  and  tmiih  *n<i« 

+5.8 

West 

;..,."" 

81.8 
82.7 

-ao 

60.4 
60.9 
-9.6 

183.0 

Bastiidt. 

130.1 

lUzimum  varifttioo  betwMa  mst  and  wwt  sldss 

»  +17.3 

1  ProtMbly  dua  to  tha  alfoct  of  wind,  which  was  onosuaUy  potent  in  191^10. 
PSnCB  BSSENTIALS  Uf   BUBVKXiHO  BT  VEMCEXTtAUm  MSTHOD. 

1.  The  eeleetUm  of  charooterUtie  perte  of  the  baein.'-To  avoid  the  errors 
that  may  arise  from  the  seasooal  oectllaUon  of  the  ireclpltatioii.  It  ia  desirable* 
If  a  high  degree  of  accuracy  la  sought,  to  select  snch  parts  of  the  basin  as 
ooonterbalance  each  other  In  location  and*  If  feasible,  represent  the  general 
diaracterlstlcs  of  the  watershed.  However*  If  the  basin  is  small,  snch  precau- 
tions need  not  be  taken,  and  It  may  even  be  possible  In  a  large  watershed  to 
find  some  point  that  will  rq[>resent,  as  will  be  seen  later,  a  dose  average 
of  the  whole. 

2.  The  cMtahlUhing  of  fixed  and  long  ootcroet.— The  use  of  fixed  courses  Is 
Indispensable  where  careful  comparisons  are  being  made  year  by  year,  for  local 
variations  In  the  depth  of  the  snow  may  be  sutfidently  great  to  distort  the 
percentage  relationship  sought 

To  avoid  the  distortion  In  the  averages  caused  by  erosion  of  the  snow,  the 
courses  should  be  as  long  as  their  location  will  permit  and.  If  feasible,  should 
represent  both  lee  and  windward  slopes  or  slopes  protected  from  both  over- 
loading and  erosion. 

To  show  the  need  of  precaution  In  exposed  situations,  the  following  cases 
of  distortion  even  with  numerous  measurements  is  cited  from  the  wlnd-sw^t 
flanks  of  Mount  Rose  and  Mount  Tallac  Three  courses  have  been  maintained 
for  years  across  the  lee  of  the  summit  of  the  former  in  studying  the  relation- 
ship of  talus  slopes  and  timber-line  forests  to  the  conservation  of  snow. 
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The  following  table  shows  the  annual  variation  of  each  of  these  three 
ooorses  and  the  necessity  of  averaging  them  all  to  avoid  grave  error : 

Table  IZ.— Percentage  variation  in  courses  in  wind-stoept  region  iHised  on 
normal  voater  content  of  snow  cover, 

I.  LBE  SLOPE,  MOUNT  BOSS. 
(Percentage  of  normal.] 


Nnmber  and  desoription  of  oonna. 

190»-10 

1910-11 

1911-12 

1913-18 

1918-14 

1914-15 

191»-10 

No.  1:  Summit  cornice,  wind-swept  Tains 

78.8 
89.5 
86w5 

159.1 

46b3 

50.4 
45.1 
02.8 

171.0 
155.0 
105.3 

87.0 
99.9 
80w2 

144.8 

100.0 

i7al 

151.0 

48.4 

Average.. .« 

84.9 

155.3 

47.4 

54.8 

104.0 

91.2 

188.2 

Marlette  TAke 

165.9 

97.0 

178^8 

n.  WINDWARD  SLOPE,  MOUNT  TALLAa 
IPercentage  of  normal.] 


Nnmber  and  desertptlon  of  course. 

1911-12 

1912-18 

1918-14 

1914-15 

191»-10 

No.l(8»000^,860reet):  Sparsely  timbered,  completely  exposed, 

04.4 

08.5 
7L5 
710 

15a2 
105.2 
14&1 

88.2 
75.8 
79.8 

184.8 

No.  2  (9,750  feet):  On  Tains  slope  near  extreme  summit,  5 

74.2 

No.  8  (8,000  feet):  In  thin  forest  at  base  of  summit,  10  measure- 
ments....« 

6L1 

170L8 

■        .             ■    • 

Avsrage  of  oouTMs  1  and  8 

57.8 

07.8 

149.2 

83.0 

152.7 

Robloon  Peak  (8»100feet):  On  Lee  SIop^  protected  by  forest. . 

52L2 

7a2 

146b7 

83.0 

145.1 

Coarse  2,  on  Mount  Rose,  which  is  the  least  sheltered  either  by  the  moon* 
tain's  mass  or  by  timber,  particularly  after  the  thin  scrub  has  been  buried  by 
the  snow,  presents  the  greatest  variations  and  in  most  instances  its  elimination 
would  result  in  increased  accuracy. 

The  same  is  true  in  part  of  the  courses  on  Mount  Tallac,  which  is  directly 
exposed  to  the  prevailing  winds  from  the  southwest  The  illustrative  table 
above  contains  not  only  the  courses  on  Mount  Tallac,  but  for  purposes  of  cbedc 
and  comparison  also  the  course  on  Rubicon  Peak,  approximate  5  miles  north. 

Ck>urse  2,  which  is  both  short  and  fully  exposed  to  the  play  of  the  winds,  has 
little  value  in  any  year.  Ck>urse  1,  in  most  years,  is  quite  satisfactory,  but  is 
reliable  in  all,  if  averaged  with  course  8,  which  forms  its  lower  extension.  The 
great  distortion  in  the  courses  on  Mou»t  Rose  and  Mount  Tallac  that  occurred 
in  1915-16  is  due  to  the  unusually  heavy  winds  that  prevailed.  On  the  othar 
hand,  the  dose  agreement  that  is  shown  in  1914-15  is  due  to  the  preponderance 
of  moderate  winds. 

8.  The  ideal  eUuations  tor  individual  cotcr^et.— The  ideal  situations  for  indi- 
vidual courses  are  (a)  meadows  protected  from  erosion  by  encircling  forests 
or  mountain  cirques  and  (b)  continuous  forests,  where  similar  protection 
from  the  wind  is  obtained.  The  protected  meadows  are  preferable,  for,  if  the 
floor  of  the  meadow  is  level,  but  few  measurements  are  necessary  to  give  a 
close  average  for  the  region.  Furthermore,  the  level  meadow  is  a  fair  com- 
promise of  the  various  slopes  that  front  upon  it 

4.  High-level  v.  low4evel  meaMiremento.— Low-level  measurements  are  pref- 
erable to  high  level  in  respect  to  accessibility,  but  are  subject  to  distortion  in 
case  sufficient  rain  occurs  during  the  winter  to  melt  any  considerable  part  of 
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the  snow  cover.  In  the  Tahoe  Basin  and  on  adjacent  watersheds  rain  does 
not  occur  daring  the  winter  above  7,000  feet,  and  only  on  Tery  rare  oocasions 
does  any  loss  occur  in  the  snow  cover  as  low  as  6,225  ftet,  the  lowest  part  of 
the  basin. 

So  far  as  precipitation  is  concerned,  the  low-levti  measnrements  seem  to  be 
as  representative  as  the  hig^  level.  However,  the  record  is  brief  and  frag- 
mentary. The  longest  record  is  confined  to  the  northwestern  and  sonthwestem 
part  of  the  basin  and  inviHves  diiferenoes  in  elevation  of  only  1,000  to  2,000 
feet 

Table  14.'~Peroeniaffe  relationship  of  high  and  low  level  meanurementM  Uued 

on  water  content 


[Based  on  nonnaL] 

Oounti. 

ElevBtioiL 

1018-18 

1018-14 

1014-18 

mfr40 

Northwwtom  ptft  of  bosin: 

WardCraekT. •. 

net 

7,000 

oaao 

0,380 

8,000^,W0 
8,000 
0,800 

4Xf 

0L2 
iflL3 

07.8 
71.0 
71.0 

147.0 
180.0 

140.8 
140.8 

1410 

108.0 
0L7 
00.0 

810 
78L8 
8S.1 

188L4 

TllUMCttT 

167.8 

Blaekwooa 

108.4 

Sooth  WMternjMirt  of  bosin: 

MonntTaliM. 

1517 

Lak«f/nfilt 

1514 

GlnAlpliM 

>8M.8 

«.S 

181.8 

87.9 

144.8 

1  The  eztraordliiary  depth  of  snow  In  Olen  Alpine  In  1918-10  can  be  explained  on  the  theory  of  UBonel 
local  conditions  either  of  predpitatton  or  drifting.  The  theory  of  ezoenre  predpltatloo  seems  doabtfiiL 
ilnce  similar  distortions  occurred  at  Ifeeks  Bay  (100.9  per  cent)  and  Olenbroolc  (8010  per  cent),  both  of 
which  are  exposed  to  the  wind.  However,  since  the  coarse  at  Glen  Alpine  is  sltnated  within  screoa  of 
treee  deep  In  the  Glen,  one  wonders  whether  the  snow  was  blown  from  the  eliflB  by  the  onnsoal  winds 
that  ocoorred  during  the  year  and  which  so  greatly  distorted  the  records  on  MdantTaHao.  Tbeagraa- 
it  of  high  and  low  level  measurements  in  other  years  on  Ifdnnt  TaUac  and  In  the  Olen  are  renarkably 


This  general  agreement  of  high  and  low  level  measurements  is  verified  by  a 
hig^  and  low  level  survey  made  of  the  entire  basin  in  1016^  the  summary  of 
which  i^^iears  In  the  table  below: 

Tablb  Vk-^Percentage  comporiion  of  high  and  low  level  eurvegs  of  the  Tahoe 
BaHn,  February,  191$,  baeed  on  the  water  content. 


[Percentage  of  normal.] 

Weet 
tide. 

East 
fide. 

Entire 
basfaL 

11810 

ioa4 

1416 

107.0 
107.8 
107.8 

1618 

1019 

1614 

1  For  Summit  Station  and  Ward  Creek  only.   Unfortunately  the  survey  of  Bubioon  Peak,  Mount  Tidlao* 
and  Lake  Lucfle  had  not  yet  been  made. 

If  the  abnormal  percentages  at  Glenbrook  and  on  Mount  Rose,  206.6  and  184.S 
(partial  survey),  respectively,  are  omitted  and  later  surveys  on  Mount  Rose, 
Rubicon  Peak,  Mount  Tallac,  and  at  Lake  Lucile  are  interpolated,  the  compari- 
son for  the  entire  basin  becomes  both  closer  and  more  siymmetrlcal : 


Weet 
side. 

East 
tide. 

Entile 
basfaL 

High  measurements 

1416 
10a4 
1610 

1418 
1612 
1415 

144.7 

157.8 

15L8 
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6.  Testing  courses  for  local  errors. — ^It  sometimeB  happens  that  the  measure- 
ments  of  a  particular  coarse  are  sospldous  because  of  Its  unusual  situation. 
In  such  cases  It  Is  frequently  possible  to  lay  out  a  check  course  in  the  neigh- 
borhood for  purposes  of  comparison. 

Thus  at  Summit  Station  the  original  course  was  short  and  exposed  both  to 
wind  and  to  possible  radiation  from  the  adjacent  snowshed.  (}onsequently,  a 
course  of  double  length  was  laid  out  In  the  continuous  forest  The  following 
three  series  of  measurements  were  made  during  the  winter  with  reassuring 
results,  for  although  the  snow  In  the  forest  melted  more  slowly  than  near 
the  snowshed,  the  difference  was  slight : 

Tabus  16.-— Comparfoon  of  courses,  SummU  Station,  1916,  depths  and  ¥>ater 

content  in  inches. 


Feb.  90. 

liar.  18. 

Apr.  16. 

Coatwdt. 

Depth. 

Water 
oonteot. 

Depth. 

Water 
oaBtent. 

Depth. 

Water 
omtent. 

Origliiml  ooune  near  mowihed 

14a  1 

14&3 

6a  78 
8100 

133.8 
138L7 

M.10 
07.10 

01.0 
100.1 

5a  60 

64  70 

P|VW{8D0B^  *.m...».^».»,.^.u.**..4.»*. 

&s 

LS7 

&4 

8.00 

Uwl 

4.11 

Again,  at  Marlette  Lake  the  course  was  exposed  to  the  cumulatlye  effect  of 
drift  snow  carried  In  from  the  froeen  surfiice  of  the  lake.  When,  In  1916,  the 
measurements  seemed  unusually  large,  a  dieck  course  was  laid  out  behind  a 
sheltering  screen  of  aspens.   The  result  was  as  follows: 


Depth 
of  snow. 

Water 
oontent 

Original  coone. ...•-.•....•.. , 

Check  eoorse 

IMet. 
6a6 
68.4 

IMet. 
94.01 
98108 

6L  Best  time  to  make  a  ntrrey.— According  to  Mr.  Aldatore,  79.6  per  oent 
of  the  normal  precipitation  from  October  to  April  In  the  Tahoe  Basin  occurs 
before  March  1.  Speaking  approximately^  this  percentage  probably  applies 
to  the  remainder  of  the  Sierra  Nevada  and  to  the  Rocky  MountaUis  also. 
Consequently,  it  is  entirely  feasible  to  make  at  least  an  initial  survey  at  this 
early  date.  It  is  also  a  necessary  precaution  in  case  the  snowfall  has  been 
excessive  and  the  outlet  of  the  lake  or  reservohr  below  is  not  sufficiently  large 
to  handle  the  flood  waters,  since  the  highest  practicable  level  in  the  resarvohr 
most  be  maintained. 

However,  in  general,  it  is  better  to  make  the  survey  in  March,  when  the 
season  of  accumulation  is  ending  and  only  the  occasional  spring  rains  remain 
as  a  minor  factor  in  the  forecast 

Precaution  should  be  taken,  however,  to  make  the  survey  before  any  con- 
siderable part  of  the  snow  has  melted  and  run  off.  At  6,000  feet,  March  15 
has  been  found  to  be  the  latest  practicable  date  in  the  Tahoe  Bashi,  but  at 
7,000  to  9,000  teet  the  survey  can  be  made  as  late  as  the  first  week  in  April. 

7.  Ripe  and  overripe  snow.^Snow  that  is  approaching  the  highest  density 
at  which  it  can  retain  its  water  contents  by  capillarity  has  been  termed  '^ripe"; 
likewise,  that  which  has  lost  some  portion  of  its  water  contents  has  been 
termed  ''overripe.*' 
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Although  it  Is  desirable. in  mureylng  to  distinguish  between  these  two  types 
by  density  measurements  alone,  there  seems  to  be  no  fixed  density  at  wliidi 
the  transition  from  the  one  to  the  other  occurs. 

Such  density,  however,  seems  rather  to  shift  with  the  d^th  of  the  snow 
and  the  character  of  the  season. 

Moreover,  the  density  is  divided  into  two  distinct  classes  by  elevation — 
that  is,  by  wind  movement — the  density  at  higher  elevations  being  greater  than 
at  low,  although  the  individual  densities  within  each  of  the  two  classes  <dos^ 
agree. 

It  is  probably  safe,  however,  to  regard  any  snow  whose  density  is  80  per  cent 
or  lower  as  having  not  yet  passed  the  stage  of  ripeness.  At  the  lower  eleva- 
tions 80  to  40  per  cent  and  at  the  higher  85  to  40  per  cent  comprise  the  range 
witliln  which  the  transition  from  ripeness  to  overripeness  occurs. 

The  following  tables,  which  represent  the  mean  of  a  large  number  of  mea- 
surements, will  illustrate.  The  densities  underscored  are  those  within  the 
limits  of  which  melting  began: 

Tablb  17.— /ftcnooM  in  tnow  denHtff  during  t60S0f». 
CPwMotorwftter.) 


ElevBtloos. 


$jnoto7/m  7,oootoio,8O0 


D6oeaib«r-l«Miftry. 

April-lCay 

luiM-Jiily 


20.8-SI.7 
33.S-3A.7 

48.0-«L8 


31.9-44.1 
20.»^4.7 

48.1-48.4 


Tablb  18.-— DeiM^if  of  ripe  amd  overripe  mhow  5,000  to  7,000  feeL 
[Pwooitorwftter.] 


Ctertotar  or  pfMlpitiMQO. 

TahoeCity. 

m*j^ 

TiW. 

Oounel. 

CouneS. 

Coiine8. 

olMKwwa. 

Blpe. 

Over^ 
rip«. 

Blpe. 

Ov«r^ 
ripe. 

Blpe. 

Over- 
ripe. 

Hipe. 

Ovet^ 
ripe. 

Ijlj 

f/lf!lt.r...r,,..,.     T.r...-- 

2&7 
81.7 
87.6 

84.8 
87.7 
43.7 

80.1 
83.1 
88.3 

84.6 
86.3 
41.  S 

88.4 
86.8 
84.8 

88.7 
4a5 
4L7 

88.3 
87.1 

88.4 

1914 

Hosrr 

89  7 

1918 

.!:!?d?::::::::::::::.::::: 

Table  19.— -Dentify  of  ripe  and  overripe  snow  7,000  to  lOfiOO  feet, 
[Per  cent  of  water.] 


MomitBoee. 

Iferlette 

flitm 

»• 

Tew. 

Counel. 

Coiine3. 

Coiir9e8. 

Like. 

Blpe. 

Over- 
ripe. 

Ripe. 

Over- 
ripe. 

Ripe. 

Over- 
ripe. 

Ripe. 

Over- 
ripe. 

Ripe. 

Over, 
ripe. 

1910 

Konnal 

45.3 
46.5 
41.3 

51.9 
54.2 
46.9 

49.0 
48.3 
37.6 
48.2 

54.3 

58.7 
47.4 
54.9 

1911 

IIOAVV 

1918 

u?ht:.::::::;:::::;:::::::.: 

859 
46.3 

44.9 

6L8 

1919 

nStvy 

44.4 

49.6 

48.4 

5L6 
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&  Bstahlishing  a  normal. — (a)  A  normal  for  snow  cover:  The  prompt  appli- 
cation of  the  system  of  seasonal  percentage  requires  the  early  establishing  of 
a  normal  and  in  the  meantime  the  comparison  of  the  year  nnder  consideration 
with  a  preceding  year  whose  precipitation  and  run-olF  are  Imown. 

A  crudely  opprosimate  normal  was  first  established  for  the  Tahoe  Basin  by 
applying  to  it  the  same  seasonal  percentage  (90  per  cent)  as  that  deduced  for 
the  same  year  (1909-10)  from  a  23  years*  record  of  accumulated  snowfall  ob- 
tained largely  by  the  Weather  Bureau  in  adjacent  parts  of  the  Sierra  Nevada. 
Fortunately,  a  10  years*  record  also  of  the  seasonal  run-off  into  Lalce  Tahoe 
had  been  kept  by  the  Truckee  River  CJeneral  Electric  Ck>. 

The  years  since  1909,  when  surveying  in  the  Tahoe  Basin  first  tiegan,  fall 
Into  groups  of  three  or  six  admirably  suited  for  forming  a  normal,  for  eadi 
of  the  two  sets  of  years,  1909-1912  and  1912-1915,  contains  one  approximately 
normal  year,  one  of  heavy  and  one  of  light  precipitation.  However,  the  year 
1915-16,  in  which  the  precipitation  was  very  heavy,  could  not  be  incorporated 
Into  so  short  a  series  without  seriously  distorting  the  normaL  Of  the  two 
8a*tes,  the  second  is  based  on  somewhat  fuller  measurements  and  its  normal 
to  slightly  smaller. 

The  following  tables  will  illustrate  the  method  of  formlog  the  normals  and 
the  fortunate  balance  between  the  groups  of  years : 

Table  20. — Method  of  forming  normals  in  tJte  Tahoe  Baein,  hosed  on  water 
content  of  snow  {inches). 


1900-10 

1010-11 

19U-13 

S-year 
nonnal. 

1913-18 

191»-14 

1914-15 

nonnal. 

O-year 
normal. 

^1^CfMlc<7A)0Ofeet).. 

17.81 
80.30 

37.17 

104.78 
83.07 

59.80 

48.17 
85.73 

82.88 

4L90 
48.00 

39.78 

RuMoon  Peak  (8.100  fpft) 
Mount  TBlteo  (8,000-0,750 

80.10 

173.95 

92.45 

48.88 

A  wmm.  vMt  rids.. ... 

48.83 

4L50 

43.70 

Ifmmt  Rose  (9,000-10,800 
feet) 

92.01 

44.81 

>18.54 

20.03 

14.51 

43.91 

33.68 

38.96 

20.80 

Avnage,  entire  bMln.. 

30l00|>S8.03 

18.00 

85.33 

19.79 

63:04 

80.40 

84.38 

84. 7t 

■  Interpolated  on  basis  of  relation  of  snow  cover  on  Moimt  Rose  in  1910-11  to  the  snow  covers  ttiert 
to  19Q9-10  and  1911-13.  Thus,  the  snow  cover  on  RuMcon  Peak  would  be  124.6  per  cent  of  80.10  and  33.45 
teehes,  or  73.95  inches.    However,  tills  correction  does  not  provide  for  possible  oscillation  to  the  basto. 

•  Partially  toterpolated. 

TiJiLB  2L — Comparison  of  short  normals  of  snow  cover  in  Tahoe  Basin,  tnued 
on  average  water  content  of  snow  (inches). 


1909-10 

lOlO-U 

19U-13 

>-ye«r 
normal. 

1913-13 

1913-14 

1914-16 

8.year 
nonnal. 

••year 
normaL 

Average  water  oontent  of 
snow  cover 

391 00 
83.6 
83.0 

158.01 
160.4 
16&7 

18.00 

6L1 

6L8 

86.33 
U0O.O 

19.79 

67.7 

50.9 

68.04 
153.0 
16L6 

80.40 

88.7 

87.6 

84.38 
tlOO.0 

84.76 

Seasonal  percentace  based  on 
8-3-ear  normal 

Seasonal  percentage  based  on 
0>]rear  nornttl..* 

1 100.0" 

>  Interpolated  to  part.  See  Ibotnote  in  table  Above.  •  Average. 

In  case  records  of  accumulated  snowfall  are  lacking,  the  seasonal  percentage 
of  any  year  can  be  based  quite  as  reliably  on  the  run-off  and  even  more  00. 
providing  the  normal  run-off  to  based  on  sufficient  years  and  the  year  selected 
f6r  comparison  has  not  been  abnormal  In  temperature  or  precipitation. 
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(5)  A  normal  for  run-off.—The  normal  run-off  for  the  Tahoe  Basin  for 
each  month  from  winter  to  early  sunmier  was  compiled  in  1915  by  Mr.  Alda- 
tore  from  the  hydrographlcal  records  of  the  Tmckee  River  General  Electric 
Go.  for  use  in  connection  with  his  study  of  forecasting  based  on  accumulated 
snowfall.  Previous  to  this  the  writer  had  compared  individual  seasons  with 
each  other  both  in  snow  cover  and  run-off  with  consequent  error  at  times 
due  to  the  freakishness  of  the  latter.  With  the  establishment  of  short  nor* 
mals  for  snow  cover  and  the  use  of  Mr.  Alciatore^s  tables,  a  more  consistent 
estimate  has  now  become  possible. 

However,  in  the  present  paper,  these  normals  have  been  revised  by  induding 
the  years  1901-1900  with  those  from  1909-1915,  thus  obtaining  a  set  of  nor- 
mals based  on  the  run-off  for  14  years  instead  of  6.  But  in  making  this 
revision,  the  year  1907  was  omitted  because  it  was  a  year  of  deluge,  the 
run-off  being  22&6  per  cent  of  normal,  and  its  inclusioii  would  have  caused 
manifest  distortion,  as  shown  in  the  following  comparison : 

Tabls  22. — Compariton  of  normdUfor  runrof  U.  $.,  Km  of  Lake  Tahoe)  haied  on 


Length  ofi 


Mc 

nm-off. 


Run-off 
befon 
Apr.L 


RuHin 

after 

Apr.l. 


U  yean  (1901-1916),  Indodlog  1907. 

14  Tears,  omitting  1907. 

eyean,  1909-1915. 

t  yean,  1909-1913 

tyean,  1911-191S 


t.41 

t.15 
t.07 
t.lS 
t.04 


L60 
L48 
L4S 
L47 
L40 


LM 
LSI 
LM 


With  the  exclusion  of  the  year  1907  from  the  series,  the  normals  based  on 
the  14-year  and  6-year  and  8-year  series  closely  agree.  The  dose  correspond- 
ence between  the  two  8-year  series  based  on  the  run-off  and  the  similar  series 
based  on  the  snow  cover  testifies  to  the  steadiness  of  the  run-off  during  these 
six  years. 

OOMPABISON  or  SNOW  8UBVST  ICKASUSEMSlfTS  AND  LAKE  IBVKLS,   1909-191S. 

The  comparisons  given  below  are  based  on  high-level  measurements.  In 
the  earlier  years  these  were  made  as  a  part  of  the  study  of  the  influ^ice  of 
mountains  and  forests  on  the  conservation  of  snow,  and  were  consequently  not 
mnde  as  near  the  dose  of  the  p^iod  of  accumulation  as  those  of  later  years. 
Furthermore,  the  measurements  in  191(^11  were  confined  to  Mount  Rose,  exc^ 
that  a  few  measurements  were  made  at  Tahoe  City. 

Table  23. — Seasonal  $nou>  cover  and  run-off  into  Lake  Tahoe  {after  Apr.  i), 
corrected  for  variatiom  in  precipitation  on  surface  of  take,  based  on  water 
content  of  snow. 


•-year 
nonnal. 


Water  content  of  now  cover,  preeipitatton  on  lake  rarthee, 
mn-off. 


1909-10  1910-11   1911-13  1913-lS  191S-14  1914-16  191^19 


Water  content  of  mow  cover  Apr.  1 
(inches) 

Precipitation  on  lake  after  Apr.  1 
(Inches) 

Actual  riee  of  lake  (fSoet) 


9L9i 


1S.03 
«L«7 


99.06 


-183 
LOS 


tt.01 

+ai3 

S.86 


18.00 

+L90 
LOO 


19.79 
+a41 

Lie 


8104 


-a  13 

3.45 


80.40 

+0.38 
L68 


80.88 

-3.87 
L73 


I  yormal  precipitation  at  Tahoe  City  after  Apr.  1,  S.94  Inches.  Since  precipitation  over  entire  lake,  as 
based  on  the  snow  cover,  is  approximately  38  per  ceilt  less  than  at  Tahoe  Ciiy,  the  above  nonnal  of  108 
Inches  is  interpolated  lh>m  the  record  of  precipitation  at  that  place. 

*  14-year  normaL 
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Tabli  28. — SeoMonai  tnoio  cover  and  nm^ff  hUo  Lake  Tahoe,  etc. — Contd. 


Percentage  lelatlondiip  (peroentage  of  normal). 

• 

100».10 

lOlO-ll 

19U-13 

1013-18 

1018-14 

1914-15 

1015-16 

Water  contents  mow  oover  Apr.  1  (inofaw). . 
PredpitatloD  on  lake  after  Apr.  1  (inchea) .... 

88.6 

-13.2 

7a4 

64.7 

+18.0 

+  &7 

168.7 

+    LO 

160.7 

17a7 

-  S.0 

-  LO 

6L8 

+  0.8 

6L6 

68.5 

-1L7 

-LO 

66.0 

+  2.1 

60.0 

60.5 

-12.6 

-ia5 

15L5 

-    LO 

15a5 

146.7 

+    4.1 

+    8.8 

87.5 

04.6 
-7.1 

-5.0 

1449 

-  119 

132.0 

Aetoalrtee  of  lake  (feet) 

108.0 

Variation  between  snow  cbVer  and  itoe  of  Ii^e. 

Vanation  between  nae  of  lake  and  oorrected 

fueoaet. 

+  4L9 
+  20.0 

The  above  table  represents  graphically  the  major  factors  in  the  method  of 
seasonal  percentage  and  their  extremes.  These  factors  are  the  seasonal  snow 
cover  and  the  precipitation  on  the  surface  of  the  lake  after  the  survey  and  fore- 
cast are  made.  If  1915-16  is  excepted,  the  maximum  variation  between  the 
snow  cover  and  the  rise  of  the  lake,  uncorrected  for  precipitation  after  April 
1,  was  18.9  per  cent,  and  between  the  snow  cover  and  corrected  rise  was  only 
10.5  per  cent  Within  the  10.5  per  cent  probably  lurlus  the  usual  variation  due 
to  deficiency  or  excess  of  evaporation  during  the  season  of  run-off,  the  effect  of 
^>ring  and  summer  precipitation  on  the  snow  fields,  and  variation  due  to  minor 
Influences  on  the  run-off,  though  it  is  possible  that  6  per  cent  represents  merely 
the  factor  of  error  that  the  method  involves. 

The  lack  of  effect  on  the  run-off  when  rains  of  minor  size  fall  directly  on  the 
soil  instead  of  on  a  water  surface  was  first  made  vivid  to  the  writer  by  lir. 
Edward  L.  Wells,  meteorologist  of  the  United  States  Weather  Bureau,  in  com- 
menting  on  the  run-off  from  the  Arrowrock  Basin,  Idaho,  in  1915.*  In  this  year 
the  percentage  relationship  to  1914  was  51  per  cent,  but  of  both  snow  and  sum- 
mer rain  was  as  high  as  82.6  per  cent  Yet  the  run-off  was  only  85  per  cent, 
the  summer  rain  apparently  lacking  completely  in  effect  The  effect  of  the 
spring  and  summer  precipitation  on  the  snow  fields  will  naturally  be  less  as 
these  fields  grow  smaller.  The  amount  of  this  effectiveness  is  yet  to  be  detea^ 
mined. 

The  variation  in  the  year  1915-16  is  abnormal  and  is  due  for  the  most  part  to 
obvious  causes.  These  are  the  large  deficiency  in  precipitation  after  April  1 
and  the  intoruption  in  the  run-off  caused  by  the  prolonged  freezing  up  of  the 
snow  fields  during  the  spring. 

The  seasonal  estimate  of  144.9  per  cent  is  substantiated  by  numerous  courses 
in  addition  to  tliose  used  in  making  the  estimate.  Tliese  courses  represent  both 
high  and  low  levels  and  the  condition  of  the  snow  cover  in  February  as  well  as 
in  March. 

As  indicated  in  the  table  on  seasonal  snow  cover  and  run-off  into  Lake  TaLhoe^ 
the  total  variation  for  this  season  is  419  per  cent  If  this  variation  be  cor* 
rected  for  a  deficiency  of  precipitation  on  the  lake  of  12.9  per  cent,  there 
remains  a  deficiency  of  29.0  per  cent  a  considerable  part  of  wtiicfa  is  evidentlj 
due  to  the  interruption  of  the  run-off  through  freezing.  Oorroborative  evidence 
of  this  is  found  in  a  deficiency  of  18i>  per  cent  in  the  run-off  under  ttie  same 
temperature  conditions  in  Oottonwood  Canyon,  UtalL 

Finally,  it  has  been  found  from  the  tables  of  evaporation  of  Lake  Tahoe 
compiled  by  Duryea  that  the  maximum  excess  in  evaporation  over  the  mean 
for  April  to  the  middle  of  July  is  2.84  inches,  or  14.2  per  cent  of  the  normal 
rise  of  the  lake. 

^  n.  &  Weather  Bareao  climatological  data,  Idaho  aectioii,  April,  1016. 
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Bvaparation  of  Lake  Tahoe  during  9ea9on  of  runroff  {inche$). 


MoBthi. 

Iflnlwmm- 

IfftThnnm 

Mttfl 

April 

L25 
L08 
2.38 

1.70 

2.7$ 
t.90 

1.81 

a?!::::::::::::::::::::::::::...:::....:: : 

jimt 

144 

Hml/orJoIj 

%n 

Total 

6.42 

13L66 

t.n 

ViflfttloiirrrnntlMiiMMa. 

-Sw40 

-I-S.84 

Thus  all  the  deficiency  In  the  rise  of  the  lake  can  be  accounted  for  without 
adding  the  excessive  evaporation'  that  should  have  occurred  in  the  snow  ikMM. 
A  table  of  corrections  makes  this  obvious: 

Table  24.— Correof eel  ettimaie  of  rUe  of  Lake  Tahoe  for  1916  hoied  on 

peroeHioffe* 


Per  oat 

PereMl. 

Water  oootent  of  mow  ooreri  Apr.  L.*«>.*. • 

1449 

Oorrectiooi: 

1 .  T ARk  of  nomuil  r&In 

13.9 
13.9 
14.2 

S.  Exceaalve  evaporauon  of  lake... 

4L0 

*         ■ 

lOlf 

Actual  rise 

1012 

The  exact  agreement  between  the  corrected  forecast  and  the  actual  rise  is 
apparent  rather  than  reaL  Yet  the  general  agreement  is  obvious.  Owing  to 
the  evident  influence  of  continued  freezing  in  reducing  the  amount  of  run-off, 
it  is  highly  desirable  to  study  the  latter  particularly  in  terms  of  the  tempera- 
ture in  order  that  the  detailed  effects  may  be  iuown  and  corrections  be 
made  immediately  in  the  seasonal  estimate.  The  amount  of  freezing  and 
evaporation  can  be  readily  approximated  from  a  central  station  near  the 
watershed.  However,  in  the  case  of  a  large  open  lake  where  the  effect  of 
precipitation  is  positive  and  immediate,  the  measurement  of  the  spring  and 
summer  rainfall  should  be  made  in  the  basin  itself.  In  this  way  later  disap- 
pointment may  be  saved  and  the  lake  level  more  closely  regulated. 

OTHEB   lOCTHODS   OT   VOBECA6TI19G   BASED    ON    SEASONAL   PEBCENTAGB. 

There  are  three  other  methods  of  forecasting  based  on  seasonal  percentage, 
viz,  (a)  the  depth  of  the  snow  cover,  (b)  the  accumulated  snowfall,  and  (o) 
the  rise  of  a  lake  from  precipitation  on  its  surface. 

(a)  Depth  of  the  snow  cover. — Of  these  three  methods,  the  depth  of  the  snow 
cover,  previously  mentioned,  seems  to  give  the  most  consistent  results,  though 
none  of  them  compares  in  accuracy  with  the  method  based  on  water  content 
The  principal  weakness  is  the  seasonal  variation  in  the  density  of  snow  caused 
by  depth,  weather,  and  Infrequently  by  making  measurements  immediately 
after  a  storm  before  the  new  snow  has  had  sufficient  time  to  settle. 
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Usually  the  variation  between  snow  depth  and  water  content  is  less  than  10 
per  cent,  but  occasionally  it  is  considerably  in  excess  of  this,  as  is  shown  in 
the  following  surveys  of  the  Tahoe  Basin  in  which  the  snow  depths  and  water 
content  were  taken  simultaneously : 

Tablb  25. — Comparison  of  methods  based  on  toaier  content  and  $nou>  depth, 

Tahoe  Basin. 


Smsoss. 

normal 

Watw  oontMit  and  dq>tfa  (IndMt). 

1900-10 

1910-11 

1911-12 

1912-13 

1913-14 

1914-16 

1916-I6 

Water  coiit«iit 

/neftcf. 
34.75 
78.2 

29.06 
66.6 

68L61 
126.3 

18.00 
6a6 

19.79 
62.1 

62.64 
106.0 

80.40 
60.6 

6a  86 

flOOWdfpthx^      .XX       XX           .       XXX       x^.xxx... 

100.6 

Variation 

fl<aiionHi 

•.y^r 
normal 

1909-10 

1910-11 

1911-12 

191>-13 

1913-14 

1914-16 

1916-16 

Water  content 

34.76 
78.2 

8S.6 
83.8 

168.7 
161.6 

61.8 
64.7 

66.9 
66w6 

161.6 
134.3 

87.6 
80.0 

144.9 

Snbw<l«pth.x..x...x.x.x.x.  .x.x.  . 

14a  0 

Varlatlonxx. x  x.  .x...xx 

0.2 

7.2 

12.9 

9.7 

17.2 

L6 

4.9 

(b)  AecHmulated  snowfall. — The  method  of  accumulated  snowfall  has  been 
developed  to  its  fullest  extent  by  Mr.  H.  F.  Alciatore,^  meteorologist  of  the 
United  States  Weather  Bureau  at  Reno,  Nev^  in  the  interest  of  avoldUig 
the  fatigue  of  surveying  and  the  expense  of  snow  sampling  equipment 

This  method  involves  the  measurement  of  the  depth  of  the  snowfall  by 
means  of  a  snow  stake  at  the  end  of  each  24-hour  period  during  storm 
and  requires  preferably  the  continuous  presence  of  an  observer.  When  po0> 
•ible,  measurements  are  made  in  the  heart  of  the  watershed,  but  if  no  one 
dwells  there  in  the  winter,  measurements  are  made  at  the  nearest  settlement 
Density  measurements  are  avoided  because  of  the  personal  error  involved  in 
making  such  determinations  by  the  means  usually  employed. 

Although  this  method  frequently  yields  consistent  results,  it  occasionally 
Involves  such  great  variation  that  it  becomes  precarious  where  dependable 
estimates  are  required. 

The  underlying  cause  of  this  variation  is  the  unstable  density  of  snow, 
which  normally  has  a  range  of  80  to  100  per  cent  beyond  the  1 :  10  assigned 
it  Occasionally  this  range  is  increased  to  500  per  cent  or  more.  Even  if  the 
total  seasonal  snowfall,  in  which  temporary  extremes  fade  into  the  general 
average,  is  taken  as  a  standard  for  comparison,  divergencies  as  high  as  50.0 
per  cent  from  the  normal  density  have  been  found;  and,  if  the  total  winter 
precipitation  including  occasional  irains  is  taken,  these  divergencies  are  in- 
creased to  91.5  per  cent.  These  and  lesser  divergencies  are  shown  in  the 
following  table  of  depth  and  density  of  accumulated  snowfall : 

>  Monthly  Weather  ReTtew,  44  (July,  1910),  pp.  407-^09.  Method  of  forecasting  the 
maximum  summer  level  in  Lake  Tahoe  from  one  to  four  months  In  advance.  Mr.  Alclatoro 
has  also  generously  given  the  writer  access  to  the  current  records  of  the  Nevada  section 
of  the  U.  S.  Weather  Bureau. 
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Taslb  28.— Oomportoofi  of  depth  and  demtU^  of  aecwmmlaied  ittowfaU  with  Mmd 
toithout  occaHonal  rx^iuM,  Tahoe  City. 


Tatr. 


ToUl 


Wttcr 


oftotel 
pPMiplte- 
tkm.itT' 

nin. 


Batioof 
waUr 


oftotel 


Mwu.  in* 

rain,  to 
•oeo- 


•Caof 


of  total 


tkxi.iii- 
dadlng 
rain,  to 


mowfin. 


Ratio  of 


of  rain, 
toaoea- 
mnlatod 


anof 
water 


of  mow, 
eir.luilfa 
of  rain, 
toi 


1911-19  (JaBoarr-llanli). 
wember-F     ' 


1918-14  (Deoember-llanli).. 
191^15  (JaouarT-lCaroh).... 
19U-10  (Novwnbar-llanli).. 


88.8 
217.4 

laao 

887.0 


8L41 
41.04 
17.01 
4a8 


1:10.88 
1:  8i2S 
l:  7.88 
1:  9.18 


00.9 
191.8 
180.5 
109.0 


1:1L07 
1:  0w41 
1:  7.47 
l:ia8 


90.8 
IMuO 
181.8 

9Li 


Mazlmam  variation  tnm  itandard., 


a.  5 


08^0 


Tba  above  tariatioiii  ara  oooaaiooanv  iobjaot  to  itlU  ftttbar  dianset  oaond  byeraaioB  at  the  SD^ 
dorins  storms.   The  eflect  of  erosion,  nowever,  can  be  afohled  by  maktof  several  maasuranMata  of  depth 


While  increasing  the  number  of  stations  in  a  basin  will  usually  considerably 
reduce  errors  due  to  location  and  observer,  no  increase  will  ottaet  the  divergence 
due  to  seasonal  variation  In  density,  for  this  is  a  phenomenon  of  the  weather 
and  affects  not  only  an  entire  basin  but  adjoining  basins  as  welL  The  follow- 
ing tables  are  convincing  on  both  of  these  points : 

Taslb  27. — Campariton  of  accumulated  MnowfaU  at  9  and  4  stations  with  snow 
survey,  Tahoe  Basin,  based  on  seasonal  percentage  of  normal. 


Number  of  itatloiit. 

1910-11 

19U-18 

1911-18 

1918-14 

19l«-15 

1915-10 

normal 

(Inchsty. 

Offtatfoos..... 

187.5 
187.8 
108.7 

87.4 
04.4 
51.8 

81.8 
87.1 
50.9 

11L9 
90.0 
151.5 

9L7 
8L5 
87.5 

146w0 

loao 

1449 

188 

4  stations 

988 

Snow  survey  (water  oontent) . . . 

84.78 

Variation  between  9and  4 
stations 

+9018 

+  8.0 

-5i8 

+18.8 

+10.8 

+15.5 

Variation  between  9  sta- 
lions  and  snow  survey. . 

-11.8 

+15.0 

+84.4 

-89.0 

+  4.8 

+  LI 

Variation  between  4  sta- 
tions  and  snow  survey.. 

-8L4 

+18.0 

+8a8 

-51.9 

-6L0 

-14.4 

Tabuc  28. — Similarity  of  divergence  in  density  of  accumulated  snowfaU  in 
adfoining  basins,  Yuba  {BummUt  station),  Tahoe,  and  Carson  Basins  based 
on  seasonal  percentage  of  normal. 


1918-18 


191»-14 


1914-15 


191ft-10 


AwwnnlatBd  snowftf^- 

Yuba  Basin  (1  station)  Summtt  station  (7,019  feet). 


Tahoe  Basin  (4  station)  (0^880  feet) 
Canon  Basin  (3  statlonsV  -   -^ 


liarkleville  5,585  feet,  Wood- 


fQfds,5^liet.. 

Variation  between  Yuba  and  Tahoe 

Watsr  oontent  of  snow: 

Yuba  Basin 

Tahoe  Basin 

Carson  Basin  (run-ofi,*  no  measnremsnt  of  water  oontent). . 

Variadoo  between  aooumulated  snowflUI  and  water  oontent  of 


7&8 
8L8 

79.9 


118.5 
111.9 


96w8 


98.5 

9L7 


1111 


184.9 
MOwO 

149.8 


-0.1 


+  6L0 


+  0.8 


Yuba  Basin 

Tahoe  Basin 

Carson  Basin  (variation  between  aooumulated  snow  pnd 
run-off)... 


40.3 
50.9 
55.5 


+38. 0 
+34.4 

+17.4 


15L9 
151.5 
150.9 


-  88.4 

-89.0 


-OLO 


10L9 
87.5 
90.9 


-8.4 

+  4.3 

+  1L8 


-  ILl 

140.8 
144.9 
188L4 


-  U.0 
+    LI 

-87.1* 


I  The  leoords  of  run-ofi  haTe  been  nnerousiy  furnished  by  the  U.  8.  Qeologioal  Survey,  water  noooroei 
branch,  the  U.  8.  Reolamation  Servfoe,  and  the  Tnidtee  River  Qeueral  Bleotrio  Co. 
•A  part  of  this  variation  is  due  to  loss  in  run-off  caused  by  lonc-oontinasd  flreedng. 
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In  the  above  series,  the  excessive  variation  In  the  seasonal  percentage  of  the 
accumulated  snowfall  and  water  content  of  the  snow,  for  1913-14  and  the  close 
agreement  for  1915-16  are  paralleled  by  similar  divergence  and  agreement  in 
the  density  of  the  snow  (as  measured  In  the  Tahoe  Basin)  for  the  same  years. 
In  the  Yuba  Basin,  however,  the  agreement  is  not  so  close,  evidently  because 
of  the  single  station  there  and,  consequently,  the  larger  opportunity  for  per- 
sonal error.    This  same  is  partly  true  of  the  Carson  Basin. 

During  the  entire  six  years  in  the  Tahoe  Basin  the  variation  between  the 
two  methods  ranges  from  1.1  to  39.6  per  cent,  which  represents  a  difference  In 
the  level  of  Lake  Tahoe  of  0.2  to  7.9  inches,  or  a  maximum  of  79,000  acre-feet. 

That  other  causes  besides  divergence  in  density  lie  at  the  bottom  of  sudden 
aberrations  in  the  seasonal  percentage  based  on  accumulated  snowfall  seems 
evident  from  the  following  comparison.  In  which  there  Is  an  exceptional  aberra- 
tion in  the  Carson  Basin  in  1910-11,  and  another  in  the  West  Walker  Basin  In 
1915-16,  without  a  corresponding  change  In  the  other: 


Table  29. — Comparison  of  aberrations  in  accumulated  snowfaU 
basins  based  on  seasonal  percentage. 

in  adjoining 

Basins. 

1909-10 

1910-11 

1911-12 

1912-13 

1918-14 

1914-15 

1915-16 

Aoonmolated  snow  fall: 

Canoo  Basin:  MarUeeyOle  (5,525  feet), 
Woodfords  (5,684  feet) VTV. 

80.4 
78.1 

134.6 
146.9 

57.9 
60.9 

72.9 
62.5 

05.3 
84.4 

112.1 
82.8 

149.5 

West  Walker  Basin:  Bridgeport  (5,600 
feet).  Shields  Randi  (5.300  feet) 

190.6 

2.3 

-  12.8 

-3.0 

10.4 

10.9 

29.3 

-  41.1 

Ran-off: 

Carsoo  Basin,  5-year  normal  (1900-1015)... 
West  WalkerBasin,10-yearnonnal  (190^ 
1906).  ^1907-1013) 

60.0 
99.1 

185.3 
154.5 

41.6 
57.7 

55.5 
52.3 

156.9 

90.9 

122.4 
128.1 

run-off: 
Carsoo  Basin 

+10.5 
-21.0 

-  60.7 

-  7.6 

+16.3 
+  8.2 

+17.4 

+ia2 

-  61.6 

+  21.2 

+  27.1 

Walker  Bwiifi 

+  67  5 

This  may  be  due  to  personal  error.  Local  situation,  also,  may  play  a  part, 
for  the  stations  at  which  the  measurements  were  made  are  at  relatively  low 
elevations,  where  slight  changes  in  temperature  may  readily  turn  snow  to  rain 
and  vice  versa. 

For  example,  in  the  Tahoe  Basin,  the  accumulated  snowfall  for  1916-16  was 
146  per  cent  of  normal  or  within  1.8  per  cent  of  the  water  content  of  the  snow, 
and  at  Reno,  in  the  adjoining  Truckee  Basin,  the  seasonal  percentage  based  on 
the  total  precipitation  reduced  to  water  was  likewise  156  per  cent.  Yet  at  the 
latter  place,  whose  elevation  is  4,500  feet,  the  accumulated  snowfall,  based 
on  a  6-year  normal,  was  232.5  per  cent.  Finally,  the  years  1910-11  and  1913-14, 
which  were  seasons  of  almost  equally  heavy  precipitation  in  the  Tahoe  Basin, 
being  171.3  and  152.8  per  cent,  respectively,  would  be  represented  at  Reno  on 
the  basis  of  accumulated  snowfall  alone  as  having  a  precipitation  of  181  and 
103.9  per  cent. 

(c).  Precipitation  on  surface  of  lake, — A  novel  method  of  determining  the 
seasonal  precipitation  has  been  devised  by  L.  O.  Murphy,  hydrographer  of  the 
Truckee  River  Qeneral  Electric  Ck).  It  consists  in  using  Lake  Tahoe,  which 
never  freezes,  as  a  gigantic  rain  gauge  to  record  the  seasonal  precipitation. 

Where  an  open  lake  is  available  for  such  measurements,  this  method  should 

be  superior  to  that  of  accumulated  snowfall,  for  water,  which  Is  used  Instead 

of  snow,  is  an  inelastic  standard  of  measurement.     Since,  however,  the  rate 

of  evaporation  of  water  is  higher  than  that  of  snow,  the  departures  from  the 
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normal  are  usnally  more  pronounced.  However,  this  source  of  error  can  readily 
be  eliminated  by  measuring  the  evaporation  of  the  lake. 

It  is  also  possible  that  there  is  a  deviation  in  seasonal  p^centage  from  that 
of  the  snow  cover  at  the  higher  levels,  where  the  surveys  are  usually  made, 
due  to  the  higher  temperature  over  the  lake.  However,  no  such  positive  dif- 
ference has  yet  been  discovered. 

This  method  has  been  used  only  to  obtain  results  sufficient  to  safeguard  the 
property  around  the  lake  from  being  flooded,  and  to  estimate  roughly  the 
water  available  for  power.  It  was  found  that  the  amount  of  rise  in  the  lake 
to  April  1  was  approximately  indicative  of  the  rise  after  that  date,  and  fre- 
quently forecasts  were  made  within  two-tenths  or  three-tenths  of  a  foot 

The  only  operation  required  was  the  reading  of  the  lake  gauge  on  April  1. 
As  is  obvious,  this  method  can  be  applied  only  to  basins  containing  lakes  op&k 
throughout  the  winter. 

The  writer  early  became  interested  in  this  method,  which  was  the  first  one 
successfully  used  on  Lake  Tahoe,  and  has  sought  to  determine  its  capability  as 
a  method  of  exact  measurement  Actually,  April  1  does  not  represent  the  pre- 
cise middle  point  in  the  lake's  rise,  for  the  lake  rises  1.48  feet  before  April  1 
and  1.67  feet  after  this  date.  Furthermore,  it  is  possible  that  some  run-off 
may  occur  during  the  latter  part  of  March  or  even  in  midwinter,  though  sudi 
run-off  would  usually  be  very  smalL 

Because  of  this  lack  of  balance  between  the  two  halves  of  the  season,  the 
comparison  of  the  rise  in  feet  before  and  after  April  1  has  been  supplemented 
by  the  comparison  of  the  divergence  of  each  period  from  its  own  normal 
Finally,  this  method  has  been  compared  for  the  years  1909-1916  with  the 
methods  of  accumulated  snowfall  and  water  content  of  the  snow  cover: 


Table 


K — Comparison  of  rise  of  Lake  Tahoe  before  and  after  Apr.  1,  with 
other  methods. 


Riae  of  lake  (feet). 

Seasonal  percentage  CO  basb 
of  equalitT   befoie   and 
afteTXpr.L 

diSSttonon  iSt 

fell,  and  water  oon- 
tent  of  snow  cover 
befoie  Apr.  1  on 
basis  of   seasonal 
percentage. 

Year. 

Total 
an- 
nual 
rise. 

Rise 
before 
Apr.  I. 

Riae 

after 

Apr.l. 

Diver- 
gence. 

Diver- 
gence 
on 
basis 

of 
equal- 

"<&?• 

and 

after 

Apr.l. 

Total 

an- 
nual 
rise. 

Rise 
before 
Apr.l. 

Rise 

after 

Apr.l. 

Diver- 
gence. 

Pre- 

on 
lake. 

Accu- 
mu- 
lated 
snow- 
feU 

Uons). 

Water 
con- 
tent 
of 
snow 
oovee. 

1901 

2.97 
3.07 
3.38 
4.96 
1.86 
5.63 
7.30 
1.63 
4.47 
3.03 
6.18 
1.30 
1.46 
6.11 
3.63 
3.68 
8.16 

1.50 
1.38 

.76 
3.66 

.87 
3.03 
8.04 

.49 
3.63 
1.94 
3.83 

.14 

.80 
3.66 

.94 
1.96 
1.48 

1.47 

.84 

-0.03 
-  .39 

-a  22 

-  .68 
+  .67 

-  .63 

-  .07 
+1.80 
+  .88 

+  -JS 

-  .78 
-1.06 
+  .38 
+  .73 

t:% 

ao 

94.3 

66.7 

72.4 
167.6 

50.0 
176.6 
228.6 

48.3 
141.9 

96.9 
164.4 

88.1 

46.3 
162.2 

80.0 
116.8 

100 

101.4 

83.1 

61.4 

179.1 

68.8 

136.5 

206.4 

83.1 

17a  9 

131.1 

167.4 

9.6 

20.3 

179.7 

63.6 

1814 

88.0 
6a3 
91.0 
138.8 
68.8 
2ia2 
249.1 
61.7 

iia2 

64.7 
170.7 
63.5 

60.6 
14a  7 

04.6 
108.0 

-13.4 

1902 

-32.8 
+39.6 
-4a8 
+    .5 
+73.7 
+48.7 
+28.6 
-54.7 

-6a  4 

+18.8 
+54.0 
+49.2 
-38.0 
+81.1 
-29.4 

ao 

1903           .  .  .. 

1.62   4-  .76 

1004 

3.81 
.90 
8.61 
4.16 
1.03 
1.94 
1.06 
3.86 
1.06 
1.16 
3.46 
1.68 
1.72 
1.67 

-  .34 
+  .13 
+1.49 
+1.12 
+  .64 

-  .60 

-  .86 
+  .62 
+  .03 

t:t 

+  .64 

-  .24 
+0.19 

1905 



1906 

1907              .  .. 

^ 

1906 

1909 

1910 

131.1 

157.5 

9.5 

20.8 
179.7 

63.5 
188.4 

89.6 
157.5 

67.4 

81.8 
111.9 

91.7 

i4ao 

83.6 

1911 

168.7 

1912 

51.8 

1913 

5a9 

1914 

151.5 

1916 

87.5 

1916 

144.9 

Normal  or  mean 

100 

100 
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FOBECASTINO   mOM    8IN0LB    STATIONS. 

(a)  In  tJte  heart  of  the  basin, — ^The  feasibility  of  forecasting  run-off  from 
sln^e  stations  In  the  heart  of  a  basin  depends  largely  upon  the  seasonal 
oscillation  of  the  snowfall  there  and  the  need  of  exact  measurements.  With 
the  exception  of  a  single  year,  when  the  oscillation  amounted  to  17.3  per  cent, 
the  maximum  oscillation  between  the  eastern  and  western  sections  has  been 
under  10  per  cent  The  same  is  true  of  north  and  south,  etc.  Consequently, 
It  has  been  found  possible  to  use  Tahoe  City,  the  only  town  in  the  basin 
and  the  he^idquarters  of  the  snow  studies,  as  a  satisfactory  low-level  station 
from  which  to  make  approximate  forecasts  for  the  entire  basin.  The  forecasts 
so  far  made,  as  shown  in  following  table,  have  deviated  less  than  11  per  cent 
from  those  based  on  the  snow  cover  of  the  entire  basin : 

Table  31. — Comparison  of  single  Vow-level  station  in  heart  of  h€Lsin  ioith 
several  stations  symmetrioaUy  placed,  based  on  seasonal  percentage  of  the 
normal  water  content  of  the  snow  cover. 


BtatioDs. 

1912-13 

1913-14 

1914-15 

1915-15 

Tahoe  City  (0,330  feet) 

01.3 
M.9 

147.0 
151.5 

91.8 
87.5 

155.0 

Tahoe  Basin.  4  iitatloiiii  (7jDO(>-10.flOO  feet)     

144.9 

Variation 

4.3 

4.5 

4.8 

10.1 

{b)  In  adjacent  lowlands, — ^The  symptomatic  relationship  that  exists  be- 
tween the  precipitation  on  the  lowlands  and  the  mountains  is  subject  to  too 
much  variation  to  make  a  lowland  station  satisfactory  for  purposes  of  fore- 
casting. The  storms  that  lose  much  of  their  moisture  over  the  mountains  do 
not  act  uniformly  over  the  adjacent  lowlands,  the  lighter  the  storm  the  less 
precipitation  proportionately  will  the  lowlands  receive.  In  exceptional  cases, 
as  in  1914,  a  low  was  held  sufficiently  long  over  the  Sierra  Nevada  to  make 
the  seasonal  snow  cover  abnormally  heavy,  while  within  15  miles  of  the  eastern 
edge  of  these  mountains  and  thence  eastward  over  Nevada  the  precipitation 
for  the  winter  was  at  or  below  normal.  The  records  of  precipitation  at  Reno 
(4J50O  feet)  show  how  tantalizing  lowland  estimates  can  be: 

Tablb  32. — Com^parison  of  single  station  in  adfacent  lowlands  with  several 
stations  symmetrically  placed  in  the  basin  itself,  based  on  total  precipitation 
reduced  to  water  and  on  water  content  of  snow  {seasonal  percentage  of 
normal,  October-March), 


stations. 

Normal 

1909-10 

1910-11 

1911-13 

1913-13 

1913-14 

1914-15 

1915-16 

"SSS£S'S?««lg??:"'."^. 

InAen, 
5.80 

34.75 

95.5 
83.6 

174.8 
168.7 

83.6 
51.8 

35.9 
66.9 

188.8 
151.5 

71.7 
87.5 

156.0 

Tahoe  Basin  (4  stations)  snoir  cover, 
7.000-10.800net 

144.9 

Variation 

11.9 

6.1 

18.3 

31.0 

36.8 

15.8 

ILl 

t 

Table  83. — Comparison  of  single  station  each  in  heart  of  basin  and  in  adfacent 
lowlands,  based  on  seasonal  percentage  of  normal,  October-March, 


stations. 

1913-13 

1913-14 

1914-15 

1915-16 

Tn  heart  of  haidn  fTahoe  f1tT> 

61.3 
35.9 

147.0 
188.8 

91.8 

n.7 

155.0 

Tn  mAVmtmnt  1nwl«fw1«  (TlMnt%^  '                                

156.0 

Variation  

35.8 

41.8 

30.1 

1.0 
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From  evidence  so  far  available,  It  la  possible  to  apply  a  forecast  based  on 
measurements  in  one  basin  to  an  adjoining  basin  as  well,  provided  such  basin 
is  similarly  situated  and  a  variation  of  15  per  cent  is  allowable.  However,  it 
may  not  be  satisfactory  to  include  the  adjoining  basin  next  beyond  in  the  fore- 
cast, for,  though  the  variation  is  not  excessive,  the  seasonal  oscillation  in  pre- 
cipitation over  the  three  basins  is  sometimes  lacking  in  uniformity. 

The  possibilities  of  forecasting  for  three  basins  are  shown  in  the  following 
tabular  comparisons  of  run-off  in  the  Tahoe,  Carson,  and  West  Walker  Basins, 
which  are  situated  in  the  order  given  from  north  to  south  along  the  east  slope 
of  the  Sierra  Nevada  for  a  distance  of  approximately  75  miles.  Since  excess  or 
deficiency  of  occasional  rainfall  exercises  a  positive  effect  on  the  level  of  Lake 
Tahoe,  the  catch  basin  for  the  Tahoe  watershed,  but  makes  little  or  no  impres- 
sion upon  the  run-off  of  the  lakeless  Carson  and  West  Walker  Basins,  the  nin- 
off  of  the  former  basin  has  been  corrected  for  precipitation  in  order  to  make 
the  comparison  fairer. 

Table  34. — Variation  in  run-off  in  adjoining  hoHns  similarly  situated,  Tahoe, 
Carson,  and  West  Walker  Basins,  based  on  seasonal  percentage  of  norwial, 
Aprilr-July. 


Baabis. 


1900-10 


1910-11 


1911-12 


1913-13  19ia-14 


1914-15 


1915-16 


Tahoe  Basin  (unoorreoted  forpreotpiUtion}... 
Tahoe  Basin  (l^-year  normal)  (corrected  lor 

pfedpltatiim) 

Carson  Basin  (IS-year  nonnal) 

West  Walker  Basm  (13-year  normal) 

Variation  between  Tahoe  (corrected)  and 
Carson  Basins 

Variation  between  Tahoe  (corrected)  and 
West  Walker  Basins 

Variation  between  Carson  and  West  Walker 
Basins 


M.7 

77.9 
64.1 
99.1 


+13.8 
-21.2 


-86.0 


17a  7 

171.7 
176.7 
154.5 


-  5.0 
+17.2 


68.5 

68.7 
42.4 

67.7 


+11.3 
-  4.0 


69.5 

67.4 
57.2 
62.8 


+ia2 

+15.1 


146.7 


147.7 
162.9 


94.6 


98.4 
93.3 


-15.2 


+22.3 


-15.8 


+  4.9 


+  2.6 


108.0 

115.9 
125.7 
138.1 


-6.5 
-7.2 


+2.6 


Tabls  35. — Variation  between  forecast  in  Tahoe  Basin  and  runoff  in  adjoining 
Carson  and  West  Walker  Basins,  based  on  seasonal  percentage  of  normal. 


Basins. 

1909-10 

1910-11 

19U-12 

1913-13 

1918-14 

191^15 

1915-16 

Porecast  for  Tahoe  Basin,  Apr.  1 

Bmi-off  in  Carson  Basin,  April-Jalv 

SxntofI  in  West  Walker  Basin,  AprU-July . . . 

83.6 
04.1 
99.1 

168.7 
176.7 
154.5 

51.8 
42.4 
67.7 

56.9 
57.2 
52.3 

151.5 
162.9 

87.5 
93.8 

144.9 
1125.7 
1  128.1 

Variation  between  forecast  for  Tahoe 
Basin  and  runoff  in  Carson  Basin... . 

+19.5 

-  8.0 

+  9.4 

-  0.3 

-11.4 

-5.8 

>  +19.2 

Variation  between  forecast  for  Tahoe  Basin 
ftn/l  nin-ofT  In  Wfwit  Walker  Basin 

-15.5 

+14.2 

-5.9 

+4.6 

1 

1  +21.8 

1 

1  The  extreme  Tariation  is  dne  to  the  prolonged  freedng  of  the  snow  coyer  during  mn-ofl.  If  a  ooneotkm 
of  18.9  per  cent,  as  pravioasly  suggested,  be  i^pUed,  the  yariatioD  will  be  only  +5.8  and  +7  J  per  cent, 
respeotnrely. 

The  diminution  in  precipitation  from  north  to  south  along  the  crest  of  the 
range  in  1915-16  is  shown  particularly  in  the  reversal  of  the  normal  ratio  of 
accumulated  snowfall  at  Summit  Station  (7,019  feet)  and  Blue  Lakes  (8,000 
feet),  distant  approximately  50  miles  from  each  other.  The  normal  accumulated 
snowfall  at  the  former  station  is  based  on  44  years*  record,  at  the  latter  on 
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8  years'  record.    The  measurements  in  1916  at  both  places  were  made  by 
sampling :  ^ 

Table  36. — Diminution  in  precipitation  from  north  to  south,  8ummU  Station  to 

Blue  Lakes,  1915-16. 


Bammit  Station  (7.019  feet) 

Blue  Lakes  (8,000  feet)  (Tamarack). 


Aooa- 
molated 
snowfall 
normaL 


Ineket, 
410.6 
531.8 


Water 
content 
of  snow 
cover. 
1916. 


Indut. 
64.10 
67.10 


Ratio. 


Normal 

accum- 

nlated 

snowfall. 


Percent. 
100.0 
124.2 


1916 

water 

content. 


Variation. 


Percent, 
100.0 
89.1 


Percent. 


85.1 


However,  the  actual  variation  in  the  run-off  of  the  Tahoe  and  Carson  Basins, 
which  are  not  far  distant  from  these  two  stations,  seems  to  have  been  not 
greater  than  5  per  cent. 

The  possibilty  of  forecasting  with  a  minimum  of  stations  rests  on  the  fact 
that  the  winter  storms  are  "  big  storms  "  and  are  widespread  as  compared  with 
those  of  summer  which  are  more  or  less  local  and  torrential.  Ck)nsequently, 
the  snow  cover  is  nearly  uniform  over  comparatively  large  areas,  except  that  a 
limited  seasonal  oscillation  is  readily  observed.  The  following  series  of  meas- 
urements made  in  level  places  at  similar  elevations  but  miles  apart  will  illus- 
trate. In  all  cases  the  difference  is  only  a  small  percentage  of  the  total  snow 
cover: 

Table  87. — Uniformity  of  snow  cover  in  similar  situations,   Tahoe^Truckee 
Basins,  hosed  on  water  content  of  snow  cover,  measured  in  inches. 


Series. 

1912-18 

1918-14 

1914-15 

1915-16 

V  At  5,500  feet,  7  miles  apart: 

Traol.ee 

19.66 

HolMUtMlllil.^ 

19.22 

Variation 

0.48 

2.  At  7,000  feet,  15  miles  apart: 

Summit  Statlcm 

120.20 
17.81 

166.46 
164.78 

144.60 
43.17 

64.10 

Ward  Creek : 

67.30 

Variation 

2.39 

L73 

L43 

3.20 

8.  At  8,000  feet,  7  mUes  apart: 

Qilmore  Lake 

32.06 
36.86 

35.54 
37.67 

76.02 

LakeLodle . 

72.83 

Variation 

3.80 

2.13 

3.19 

1  Partial  interpolations  based  on  Weather  Bureau  records  or  measurements  made  earlier  in  the  season. 

BELATIONSHIP  BETWEEN  SNOW  COVEB  AT  CBEST  OF  SIEBRA  NEVADA  AND  BUN-OFF  ON 

ITS   WBSTEBN    SLOPES. 

The  close  relationship  between  the  snow  cover  and  the  spring  and  summer 
run-off  already  noticed  applies  particularly  to  the  relatively  short  streams  on 
the  eastern  slope  of  the  Sierra  Nevada,  where  the  principal  source  of  water 
supply  lies  above  6,000  feet,  close  to  the  crest  of  the  range,  and  takes  the  form 
of  winter  snowfall. 

1  The  measurements  at  Blue  Lakes  were  made  under  the  direction  of  Mr.  Alciatore  of  the 
U.  S.  Weather  Bureau  and  the  author  in  a  newly  inaugurated  snow  survey  of  the  Carson 
and  Walker  Basins. 
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The  Streams  on  the  western  slope  of  the  Sierra  Nevada  are  typically  different 
in  that  their  chief  source  of  supply  comes  firom  t)oth  rain  and  snow  at  approxi- 
mately 6,000  feet  elevation  where  the  maximum  seasonal  precipitation  occors. 
Furthermore,  the  run-off  at  the  point  of  greatest  supply  is  less  stable  than 
in  the  higher  plateau,  for  the  temperature  may  hold  the  precipitation  back 
in  the  form  of  snow  or  r^ease  it  prematurely  in  the  f6rm  of  rain  or  mating 
snow.  Amid  such  torrential  conditions,  the  precipitation  at  the  crest  of  the 
range  is  only  approximately  suggestive  of  the  spring  and  summer  runH>ff.  At 
times  the  relation  is  very  dose ;  at  others  it  is  remote,  amounting  to  approxi- 
mately 40  per  cent 

Two  streams,  the  American  and  the  Yuba,  have  been  selected  for  comiMirison. 

The  streams  were  gauged  in  the  foothills,  at  Fair  Oaks  and  Smartsville, 
respectively,  below  the  Junction  of  their  several  fdrks  and  approximatdy  75 
miles  below  their  sources.  Measurements  higher  upstream  near  the  snow  line 
would  probably  ^iminate  the  occasional  gross  divergences  due  to  floods. 

The  snow  cover  of  the  Tahoe  Basin  is  used  as  a  basis  for  comparison,  for  it 
shares  the  crest  of  the  range  with  the  sources  of  the  American  River  and  is  a 
dose  neighbor  of  the  Yuba  Basin.  The  snow  cover  at  Summit  Station,  situated 
at  the  head  of  the  Yuba  Basin,  will  also  be  used  in  the  comparison.  Since  the 
snow  cover  is  measured  April  1,  the  run-off  selected  for.  comparison  roprescntB 
the  run-off  firom  the  snow  fields  themsdves. 

Table  88. — Comparison  of  mow  cover  at  crest  of  Sierra  Nevada,  Apr.  1,  and 
run-off  on  its  ioestem  slope,  AprU-yFuly,  American  River  {measured  at  Fair 
Oaks)f  and  Tuba  Basin  {measured  at  BmartsviUe),  based  on  seasonal  per- 
centage  of  normal. 


Watenheds. 

1Q0».10 

1910-11 

1911-13 

1913-13 

191»-14 

1914-16 

Snow  cover  at  orest  of  Sierra  Nevada: 
ft-year  nomuOjigo^-igiS)— 

ms 

1W.7 

180.7 
164.5 

61.8 

66.3 

69.8 

68.9 

69.0 
72.0 

16L6 

1107.3 
119.1 

87.6 

Bun-off  measured  at  the  western  base  of 

ft-year  normal  Q909-1915)— 
American  River. 

12L7 

Yal)a  River. 

134.0 

Vailation  between  inow  oover  at  oreet  and 
run-off  of  American  River. 

Variation  between  mow  cover  at  oreet  and 
run^flf  of  Y^iba  River. 

+7.. 
+13.1 

-12.0 
•M4.2 

-8.4 

-8.0 

-2.1 
-16.1 

1+44.3 
+83.4 

-84.2 
—36.6 

>  If  corrected  for  premature  loeees  before  Apr.  1  seasonal  percentage  would  be  126.1  and  the  variation  28.4. 
The  percentage  based  on  the  entire  season  was  147.1. 

Table  89. — Comparison  of  snow  cover  at  headwaters  of  Yuba  River,  Apr.  J, 
and  runoff  of  same  stream  at  base  of  mountains,  AprUr^uly,  based  on  sea- 
sonal percentage  of  normal. 


Watershed. 

1909-10 

1910-11 

1911-12 

1912-13 

1913-14 

1914-16 

Snow  cover  at  crest  of  Siena  Nevada  at 
bead  of  Yuba  River,  Summit  Station. . . 

46.2 
72.0 

161.9 
119.1 

101.9 

Bun-off  of  Yuba  River  at  base  of  moun- 
tains ,  r ,.--,.... 

124.0 

Variation  between  snow  cover  at 
head  of  Yuba  River  and  run-off  at 
base  of  mountains ^ 

-26.8 

+82.8 

—22.1 
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Despite  the  fact  that  the  stream  measurements  are  rated  as  unsatisfactory 
because  of  shifting  of  the  stream  beds  and  torrential  conditions,  yet  it  seems 
dear  from  the  close  agreement  between  the  snow  cover  and  the  run-off  in 
190^1913  that  supplementary  gauging  and  snow  stations,  if  placed  nearer  the 
center  of  the  watershed,  will  enable  one  to  analyze  the  peculiarities  in  precipita- 
tion and  run-off  in  abnormal  seasons  like  1918-1915. 

OSCILLATION    IN    SEASONAL    SNOWFALL    ON    MAIN    M0X7NTAIN    SYSTEMS    AT    OEEAT 
DIBTAN0B8  FBOM  WEST  TO  BAST. 

The  oscillation  in  seasonal  precipitation  on  the  high  watersheds  from  west 
to  east  seems  to  be  too  irregular  to  have  more  than  a  vague  relationship.  The 
cause  lies  partly  in  the  great  distances  involved,  the  Wasatch  Range  in  Utah 
being  600  miles  east  of  the  Sierra  Nevada,  and  partly  in  the  fluctuation  in  in- 
tensity of  storms. 

The  above  conclusion  is  based  on  the  following  comparison  of  the  seasonal 
snow  cover  in  the  Tahoe  and  Big  Ck)ttonwood  Canyon  Basins,  which  are  particu- 
larly suited  to  this  purpose  because  of  their  high  elevation  in  the  center  of  their 
respective  regions.  Unfortunately,  no  measurements  have  been  made  of  the 
snow  cover  on  the  Ruby  Mountains,  an  intervening  range  of  great  height  in 
eastern  Nevada. 

Table  40. — Oscillation  in  seasonal  snotofaU  from  west  to  east  hosed  on  seasonal 

percentage. 


Wftt6faii0ds. 

Normal 

1911-13 

1913-18 

1918-14 

1914-15 

1915-10 

BtorraNevadftRrage.  Tahoe  Basin 

Wasatch  Range  (^h): 

Bis  Cottonwood  CanYoa 

Ymn, 

6 

5 
8 

5L8 
146.0 

50.9 
88.7 

16L5 

104.7 
108.6 

87.6 

0L5 
70.3 

144.9 

113.0 
114  8 

c£&  Creek  cSyott?..". ..:::;::::::: 



Variatioa  toward  east,  Tahoe  and  Big  Cot- 
tonwood Canon 

+M.8 

+30.8 

-40.8 

-30.0 

-83.8 

SUEVKTINO  BT  ABBAS. 

Unlike  the  method  by  seasonal  p^ centage,  the  method  of  areas  contemplates 
the  determination  of  the  cubical  water  content  of  the  snow  fields  over  a 
definite  area.  The  estimate  takes  the  form  of  acre-feet  of  water.  Under  this 
method  the  factors  of  evaporation  and  absorption  by  the  soil  become  promi- 
nent and  will  prove  troublesome  until  their  normals  have  been  determined. 

This  general  method  embraces  several  special  methods  whidi  will  be  dis- 
cussed briefiy: 

1.  Contour-line  8«rveyifi^.— Contour-line  surveying  consists  of  the  measure- 
ment at  definite  intervals  of  the  snow  cover  of  an  entire  watershed  by  using 
the  1,000-foot  contour  lines  as  guide  lines  along  which  to  measure.  The 
measurements  are  restricted  to  numerous  measurements  of  depth  only,  sup- 
plemented by  occasional  density  measurements  by  snow  sampler  in  order  to 
estimate  the  general  water  content  of  the  snow.  This  method  was  first  em- 
ployed by  A.  H.  Thiessen,  meteorologist  of  the  United  States  Weather  Bureau 
in  Utah,  in  Maple  Creek  Canyon,  Utah,  in  1910.  It  is  too  elaborate  and  too 
expensive,  even  with  a  few  density  measurements,  for  any  except  the  small- 
est watersheds. 

2.  Surveying  by  elevations  and  points  of  the  compatt.— Surveying  by  ele- 
vations and  points  of  the  compass  was  developed  by  H.  S.  Cole,  in  1918,  when 
meteorologist  of  the  United  States  Weather  Bureau  in  Nevada,  in  order  to 
avoid  detailed  surveying  and  yet  give  due  weight  to  the  divergence  that  exists 
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in  spring  between  the  depth  of  the  snow  at  hi^  and  low  elevations  and  on 
Tarious  slopes. 

The  plan  was  to  make  as  many  measurements  as  possible  in  a  basin  at 
each  of  the  eight  points  of  the  compass  for  each  1,000  feet  of  elevation.  To 
prevent  the  observer  from  unconsciously  selecting  one  type  of  snow  in  pref- 
erwice  to  others,  an  especially  prepared  notebook  was  used  for  the  work. 

This  method  was  used  in  the  Walker  Basin  in  1918  and  1914  and  was  used 
for  one  season  each  in  the  Carson  and  Tahoe  Basins.  Unfortunately,  the  method 
was  not  continued  long  enough  to  determine  its  value. 

It  seems,  however,  that  in  a  large  basin  the  strict  requirements  imposed  by 
the  method  can  be  fully  met  without  covering  a  sufficient  portion  of  the  entire 
basin  to  determine  its  average  snow  cover.  Consequently,  in  the  case  of  radical 
variations  in  the  snow  cover,  such  as  prevails  between  the  eastern  and  western 
sides  of  the  Tahoe  Basin,  there  is  large  opportunity  for  serious  error.  Fur- 
thermore, the  lack  of  fixed  courses  permits  possible  error  on  the  part  of  the 
observer. 

3.  Surveying  by  elevation  only, — ^A  modified  form  of  Mr.  Cole's  method  has 
been  used  since  1914  by  Mr.  Eidward  L.  Wells,  meteorologist  of  the  United 
States  Weather  Bureau  for  Idaho,  in  an  intensive  experiment  on  the  watershed 
of  Cottonwood  Creek,  near  Arrowrock,  Idaho. 

This  watershed  '*  was  selected  because  of  its  small  area  and  accessibility  and 
because  of  the  possibility  of  securing  accurate  measurements  of  the  run-off. 
In  the  small  area  of  26.8  square  miles  the  elevation  ranges  from  3,000  to  7,300 
feet  and  a  wide  variety  in  slope  and  exposure  is  presented." 

The  measurements  of  the  snow  cover  have  varied  from  150  in  1914  to  approxi- 
mately 600  in  1915.  During  1914-1916,  the  variation  between  the  water  content 
of  the  snow  cover  and  the  measured  run-off  was  86.3,  59.8,  and  46JS  per  cent 
respectively.  The  large  variation  in  1914-1915  was  due  to  the  scant  water  con- 
tent of  the  snow  amounting  to  6.52  inches,  a  larger  proportion  of  whidi  than 
usual  would  be  absorbed  by  the  soil.  The  fairly  heavy  loss  of  46.5  per  cent 
in  1916  was  probably  due  in  part  to  the  slowing  up  of  the  run-off  caused  by 
long-continued  freezing,  such  as  affected  the  run-off  in  Utah  and  western 
Nevada.  The  ordinary  absorption  loss  is  probably  nearer  86.8  per  cent  found 
in  the  first  of  the  series. 

The  large  service  rendered  by  Mr.  Wells  is  his  proof  that  occasional  rains 
on  the  soil  of  the  watershed,  "  even  when  heavy,  contribute  relatively  little  to 
the  run-off  as  compared  with  a  normal  supply  of  snow." 

4.  Surveying  by  elevations  but  at  fixed  points. — ^A  second  development  of 
Mr.  Cole's  method  was  instituted  in  1915  by  the  Rock  Creek  Conservation  Co.  in 
the  Sand  Lake  drainage  area  in  the  Rocky  Mountains  of  Wyoming  in  coopera- 
tion with  the  local  office  of  the  United  States  Weather  Bureau  at  Cheyenne, 
The  area  at  present  surveyed  is  very  small,  being  only  8  square  miles,  and 
rises  from  10,120  to  10,800  feet. 

In  1916,  85  measurements  of  water  content  were  made  at  points  pre- 
viously marked  and  numbered.  The  result  of  the  analysis  of  the  measurements 
as  made  by  Mr.  F.  T.  Cummings*,  engineer,  indicates  plainly  that  where  the 
points  of  measurement  are  well  distributed  there  is  little  more  gain  in  accuracy 
by  grouping  the  measurements  according  to  slopes  or  elevations  than  by 
obtaining  their  general  average  irrespective  of  situation,  the  difference  between 
the  water  content  based  on  slopes  and  that  based  on  the  general  average  of 
all  the  measurements  being  only  0.2  inch  in  a  total  of  20.1  inches,  and  the 
difference  between  the  acre-feet  as  estimated  by  elevations  and  by  general 
average  being  only  57  acre-feet  out  of  a  total  of  3,251  acre-feet 

1  Engineering  and  Contracttng,  XLVI,  9   (Aug.  80,  1016),  pp.  189-02. 
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The  run-off  from  May  to  August,  Inclusive,  was  8,402  acre-feet,  a  surplus 
of  151  acre-feet,  or  4.6  per  cent  over  the  estimated  water  content  of  the  snow 
cover.  This  estimate  would  be  very  close  if  it  included  corrections  for  evap- 
oration from  the  snow  and  for  absorption  by  the  soil.  However,  it  is  possible 
that  the  ground  was  already  saturated  when  the  snow  survey  was  made. 

The  disadvantage  of  maintaining  random  points  of  measurement  instead 
of  one  or  more  straight  courses  lies  in  the  confusion  in  finding  them,  which 
prevents  rapid  work. 

No  figures  are  yet  available  to  show  the  run-off  losses. 

5.  Surveying  in  typical  parts  of  the  hasin  only, — ^The  most  efficient  of  the 
several  methods  based  on  areas  seems  to  be  that  of  surveying  only  in  typical 
parts  of  the  basin.  By  this  method  the  amount  of  surveying  is  reduced  to  a 
minimum  proportional  to  the  amount  of  oscillation  in  the  basin  and  the 
accuracy  of  the  measurement  of  the  snow  cover  there. 

Two  basins  have  been  surveyed  by  this  method,  Big  Cottonwood  Canyon, 
one  of  the  main  source  of  the  municipal  water  supply  of  Salt  Lake  City, 
Utah,  and  Tahoe  Basin,  where  the  method  of  seasonal  percentage  was  de- 
veloped. Big  Cottonwood  Basin  covers  48.5  square  miles;  Tahoe  Basin, 
exclusive  of  Lake  Tahoe,  304  square  miles.  Since  the  latter  is  practically 
six  times  the  size  of  the  former,  a  comparison  of  the  results  of  the  method 
in  the  two  basins  is  highly  desirable. 

Big  Cottonwood  Canyon, — ^The  survey  in  Big  Cottonwood  Canyon  was  begun 
in  1912 1  by  the  engineering  department  of  Salt  Lake  City  corporation  with  the 
advice  and  cooperation  of  the  local  office  of  the  United  States  Weather  Bureau. 
This  basin  is  rugged  and  rises  from  6,300  feet  at  its  mouth  to  11,600  feet  at  its 
source.  It  is  characterized  by  a  number  of  fairly  long  parallel  forks  that  enter 
the  main  canyon  from  either  side.  Since  the  condition  of  the  snow  in  several 
of  these  forks  is  practically  the  same,  the  measurements  are  confined  to  selected 
forks  and  the  results  are  then  applied  to  the  others.  From  70  to  90  measure- 
ments of  water  content  and  approximately  300  measurements  of  depth  are 
made  in  each  survey.  The  measurements  are  made  as  nearly  as  possible  in  the 
same  place  each  year,  and,  although  not  precisely  marked,  are  determined  with 
reference  to  some  natural  object  From  six  days  to  two  weeks  are  used  each 
year  in  the  work. 

The  following  table  r^resents  the  actual  discharge  compared  with  the  esti- 
mate based  on  the  snow  survey: 


Table  41. — Comparison  of  run-off  and  snow  survey  estimates  of  Big  Cottonwood 
Canyon^  1912-1916,  based  on  acre-feet. 

Discharge. 

Diver- 
gence of 

weir 
measure- 
ment 
and  snow 
survey. 

Diver- 
gence, if 

Year. 

Weir 
measure- 
ment. 

Acre^feet. 
52,458 
86  008 

S'522 
29,380 

41,062 

Snow 
survey 

estlmMes 
of  two- 
thirds 

of  basin. 

renuun- 
ingone- 
tWrdof 
basin  is 
assigned 
same 
water 
content 
as  the 
two- 
thirds. 

1912 

Acre-feet. 
55,561 
31,705 
30,674 
24,663 
40,863 

Percent. 
-6.0 
-H4.0 
+22.0 
+10.0 
00.0 

Per  cent. 
3^9 

1913 

—23.9 

1914 

—18.8 

1915 

—2a  4 

191(j 

—32.8 

^Monthly  Weather  Review  40  (April,  1912),  pp.  609-610. 
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The  snow  survey  estinuites  In  evary  year  exoei»t  the  first  are  less  than  the 
actual  run-off.  The  difikrulty  Is  eridently  caused  by  the  exduslon  from  the 
surrey  of  a  rugged  region  which  Is  nearly  bare  at  the  time  of  the  survey 
except  for  small  imtches  In  the  bottom  of  the  ravines.  This  region  has  an 
area  of  16.00  square  miles,  or  one-third  of  the  entire  basin.  If  Its  bareness 
Is  aiq;mrent  rather  than  real,  and  the  snow  cover  found  tisewhere  In  the  basin 
Is  assumed  to  exist  here  also,  the  divergence  Is  still  somewhat  less  than  In 
Cottonwood  Greek,  Idaho,  Its  extremes  being  18.8  and  86.9  per  cent  as  com- 
pared with  86.8  and  50.8  per  cent  for  the  latter. 

The  summer  rains  on  the  watershed  probably  has  little.  If  any,  influence 
on  the  run-off. 

However,  If  the  data*  used  In  the  above  estimates  are  recast  In  the  toirm 
of  seasonal  percMitage  (see  Table  42  b^ow),  the  rtiatlonshlp  between  tte 
snow  cover  and  the  run-off  is  fairly  satisfactory  for  so  rugged  a  watershed. 
It  Is  even  possible  that  carefully  selected  fixed  courses  would  yldd  still  closer 
results.  The  divergence  of  —18.9  per  cent  In  1916  Is  evidently  due  to  the 
"very  cold  weather  late  in  May  and  all  of  June"  so  that  "the  run-off  was 
slow,  with  no  high  water  at  all.** 

Table  42. — Snoto  cover  and  run-off  from  Big  Cottonwood  Canyon^  Utah,  com- 
pariMon  hOMed  on  $ea9ondl  percentage. 


(Normal  water  cootont  or  8 


r  (4  yiui,  1913-1916),  S1J8  InohM;  normal  nm^  at  wtir  (4  yiais,  19U-1915), 
41,000  acr»-fB0t.] 


Year. 

oootentorsDow. 

Esti- 
mated 
nm-off 
at  weir 

AetDBl 
run-off 
•tiralT 

Diversnoe. 

Incbos. 

Pwoaot. 
Of  normal 

Pwoent. 

Acre4eet. 

1912 

32.10 
1&84 
22.96 
14.96 
24.09 

140.0 
88.7 

1017 
06.1 

112.0 

00,99618 
34,8»-7 
43,504.0 
27,087.5 
40,86L7 

52,458 
30,098 
48  500 
29  380 
41,002 

-20.5 
+  3.1 
-H1L9 
-H  5.5 
-13.9 

-8,540.8 
+1,271.3 
+4,985.4 
+2,2n.5 
-5789.7 

1918 

1914 

1915 

1910 

The  general  accuracy  of  the  measurements  In  Big  Oottonwood  Canyon  is  indi- 
cated by  the  measurements  made  by  A.  H.  Thlessen,'  meteorologist.  United 
States  Weathor  Bureau  at  Salt  Lake  City,  In  City  Creek  Canyon  situated  at 
the  opposite  end  of  the  same  general  watershed.  Mr.  Thlessen*s  method  is 
one  of  seasonal  percentage  rather  than  areas.  The  seasonal  percentages  fen* 
1918-1916,  as  based  on  his  average  water  content  of  the  snow,  are  109.5,  76.2, 
and  114.3,  an  apparent  maximum  variation  of  14.7  per  cent  However,  If  the 
measurements  in  the  two  canyons  are  compared  on  the  basis  of  their  normals 
for  the  years  common  to  both,  the  maximum  divergence  in  snow  cover  between 
them  is  only  7.1  per  cent,  and  the  maximum  divergence  in  the  run-off  8.7 
per  cent 

Lake  Tahoe. — The  method  of  areas  as  applied  to  the  Tahoe  Basin  differs 
from  that  used  in  Big  Cottonwood  Canyon  in  the  maintenance  of  fixed  and 
long  courses.  For  the  purposes  of  making  a  careful  test,  the  basin  was  divided 
into  east  and  west  sections  because  of  the  strong  divergence  In  precipitation 
between  them.  Furthermore,  each  section  was  subdivided  along  the  7,000-foot 
contour  line  because  of  the  natural  variation  in  precipitation  and  run-off  with 
elevation. 

1  Monthly  Weather  Review  44  (Jane,  1916),  pp.  800-861. 
•Monthly  Weather  Beview  44  (April,  1916),  pp.  216-17. 
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Where  available,  protected  meadows  or  flats  were  chosen  for  courses,  as 
being  fairly  r^resentative  of  the  average  snow  cover  on  their  sorrounding 
slopes.  These  courses  were  supplemented,  when  necessary,  by  others  on  lee 
and  windward  slopes  and  in  open  and  forested  areas  in  nearly  equal  propor- 
tion. Approximately  25  courses  were  used  and  two  weeks  were  spent  in 
making  the  survey.  The  area  of  each  of  the  divisions  of  the  basin  was  deter- 
mined by  Prof.  Horace  P.  Boardman,  professor  of  civil  engineering  at  the 
university,  by  means  of  map  and  planimeter. 

The  two  trials  in  making  estimates  of  the  level  of  Lake  Tahoe  are  shown 
in  the  following  forecasts  for  1915  and  1916: 

Tablb  ^.—Estimate  of  the  rise  of  Lake  Tahoe,  1915,  based  on  the  land  area 
and  the  water  content  of  the  snow  cover,  Apr,  1, 


Area. 

Water  content. 

West 
side. 

East 
side. 

West 
side. 

East 
side. 

Water  content  of  the  snow  eoyer : 

TUlmr  7  nnA  fjMt  *nia  1<I7  0  flnnAm  mtliM 

70.8          48.1 
87.0           80.1 

/vicket. 
lfi.3 
33.8 

4.8 

Above  7.000  feet,  erea  170.1  souare  mUes 

18.7 

Averege. 

10.2 

Rise  oC  lake: 

Total  land  area 304. 0  square  mllee. 

Average  water  content  of  snow 18.2  inches. 

Area  of  lake  surface 102.7  8qaaremae8. 

The  water  suspended  in  the  form  of  snow  over  the  land  area  of  the  basin, 
if  transferred  without  loss  to  the  lake,  would  raise  the  latter  in  the  following 
pr<q;K>rtion : 

192.7 :  804 ::  19.2  inches :  Rise  of  lake. 
Rise  of  lake  30.29  inches=2.52  feet=310,786.56  acre-feet 
Lake  level,  April  1,  6^227.70  feet  above  sea  level. 
Estimated  maximum  level,  if  gates  are  kept  closed,  6,230.22  feet 
This  estimate  is  made  without  reference  to  losses  due  to  evaporation  from  the 
snow  fields,  to  absorption  in  transit,  and  to  evaporation  from  the  surface  of 
the  lake,  while  the  latter  is  rising.    The  estimate  for  March  1,  1916,  was  made 
in  the  same  way. 

The  divergence  between  the  methods  of  areas  and  seasonal  percentage,  un- 
corrected for  losses  by  evaporation  and  absorption,  is  shown  in  the  following 
table: 

Table  44. — Divergence  between  methods  of  areas  and  seasonal  percentage 
uncorrected  for  losses  by  evaporation  and  absorption,  Tahoe  Basin. 


Estimated  rise  of  Itfce. 

Year. 

Method  by  areas. 

Method  by  seasonal 
peroentage. 

Divergence. 

Feet. 

Percent 
normal. 

Feet. 

Peroent 

of 
normal. 

Feet. 

Percent 

of 
normal. 

lOlSfAnr.  1)    

2.53 
4.60 

ISO.9          1.40 
273.1           2.42 

87.4 
144.9 

+  LOO 
+  2.14 

+  03.5 

1910  (Mar.  1) 

+128.2 
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The  above  divergence  is  based  only  on  the  estimated  and  not  on  the  actual 
rise  of  the  lake,  for  in  1916  the  actual  rise  was  abnormally  reduced  by  the 
prolonged  freezing  of  the  snow  fl^ds.  However,  in  any  case  the  divo^ence 
between  the  two  methods  would  have  remained  the  same. 

These  recorded  divergences  of  63.5  and  128^2  per  cent  are  greater  than  those 
found  In  Ck>ttonwood  Creek,  Idaho  (96.2-46.5  per  cent)  and  the  corrected 
estimates  in  Cottonwood  Canyon,  Utah  (18.9-86.9  per  cent).  However,  this 
excess  is  not  due  mainly  to  the  size  of  the  Tahoe  Basin  but  rather  to  the 
evaporation  from  the  surface  of  the  lake,  for  the  actual  divergence  between 
the  two  methods  reduced  to  seasonal  percentage  Is  only  7.1  per  cent. 

If  the  crude  estimates  of  evaporation  and  absorption  by  the  soil,  so  far 
procured  In  the  Tahoe  Basin,  are  applied  to  the  problem,  the  apparently  wide 
divergences  are  reduced  to  +3.0  and  —7.1  per  cent,  respectively. 

FACTOBS  OF  CORBECTION  FOB  EVAPOBATION  AND  ABSOBPTION. 

Evaporation  of  snow. — The  factors  of  evaporation  of  the  snow  seem  to  vary 
somewhat  with  elevation  and  consequent  greater  exposure  to  wind.  The 
following  provisional  estimate  is  based  on  partial  data :  6,000  feet,  March-April, 
1.5  inches  water  content,  monthly ;  8,000-0,000  feet,  March-June.  2  Inches  water 
content,  monthly. 

Evaporation  from  Lake  Tahoe. — ^The  following  table  of  evaporation  from 
Lake  Tahoe  is  based  on  measurements  procured  during  1901-1907  by  the  United 
States  Geological  Survey  and  tlie  United  States  Reclamation  Service  by  means 
of  a  floating  pan  set  deep  in  the  water.* 


Inches. 

December 1.80 

January 1. 11 

February 0. 86 

March  1.24 


Inches. 

April 1. 85 

May 2.44 

June 3. 32 

July 4. 42 

Absorption  of  water  by  the  soil  during  run-off. — ^A  factor  of  absorption  of 
0.71  foot,  or  25.8  per  cent,  of  the  normal  snow  cover  has  been  obtained  In  the 
following  manner: 

The  actual  mean  rise  of  the  lake  to  April  1  is  1.48  feet,  the  mean  rise  after 
April  1  is  1.67  feet.    Since  the  rise  to  April  1  Is  due  almost  entirely  to  precipi- 
tation on  the  surface  of  the  lake,  it  Is  safe  to  presume  a  precipitation  fully  as 
great  on  the  land  area  that  drains  into  it     If  no  losses  occurred  through 
evaporation,  the  absorption  would  be  determined  thus : 
304 :  192.7 : :  Run-off :  1.48  feet 
Run-off  (uncorrected  for  absorption),  2.83  feet 
Normal  actual  run-off,  1.67  feet 
Absorption,  0.66  foot,  or  28.3  per  cent 
However,  since  the  water  of  the  lake  is  evaporateil  more  rapidly  than  the 
snow  on  the  watershed,  a  correction  should  be  applied  to  the  lake  level  to 
restore  the  balance.    For  this  an  approximate  factor  of  3.5  inches,  or  0.29  foot 
is  proposed  for  the  period  preceding  April  1,  and  the  same  or  a  slightly  larger 
factor  for  the  period  following  It 

The  actual  mean  rise  of  the  lake  to  April  1,  as  thus  corrected  for  difference 
in  evaporation,  would  be  1.77  feet,  and  the  rise  or  run-off  after  April  1,  1^ 
feet.    The  absorption  would  then  appear  thus :     - 

Peet 
Run-off    (corrected  for  difference  in  evaporation  but  uncorrected  for 

absorption) 2. 79 

Normal  actual  run-off  (corrected  for  evaporation) 1.96 

Absorption 0.88 

Percent 
Percentage  of  run-off  lost  through  absorption 29.7 
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This  estimate  corresponds  very  satisfactorily  with  the  losses  at  CJottonwood 
Creek,  Idaho,  if  the  latter  are  roughly  corrected  for  the  evaporation  of  snow. 
Thus  the  losses  there  by  absorption  are  26,  39,  and  SB  per  cent  for  1912-1915, 
respectively,  or  an  average  of  34  per  cent 

The  corrected  estimate  of  the  rise  of  Lake  Tahoe  is  therefore  representd  as 
follows : 

Table  45. — Corrected  estimate  of  rise  of  Lake  Tahoe,  based  on  method  by 

areas,  1915  and  1916. 


Year. 

Average 

water 

content 

of  snow. 

Evapora- 
tion of 
snow 

(inches  of 
water). 

Esti- 
mated 
rise  of 
lakein- 
doding 
losses^ 
evapora* 
tion  from 
lake  and 
abeorp- 
Uon. 

Absorp- 
tion 
doring 
nm-ofl. 

Evapor- 
ation 
flrom 
Laka 

Tahoe. 

Estl- 
mated 
net  rise 
of  lake. 

Actual 

rise  of 

Lake 

Tahoe 

exclusive 

of  spring 

rains  on 

surfek». 

Estimate, 
by  sea- 
sonal 
percent- 

cToflive 
of  spring 

Divergence  of 
method  by 
areas  ftom 
actual  rise. 

1915 

1910 

Ineket. 
18.20 
32.94 

4.13 
4.50 

Inehet. 
2L24 
42L03 

Inehet. 

Inche$. 
7.61 
11.00 

Feet. 
1.35 
2.22 

Feet. 
1.31 

Feet. 
1.20 
2.39 

Feet. 

+0.04 

«-0.17 

P.et. 

+8.0 

•-7.1 

1  No  estimate  was  made  of  absorption,  for  ground  was  apparently  wet. 

*  Divergence  from  estimated  rise  based  on  seasonal  percentage;  actual  rise  was  abnormally  deficient 
because  of  prolonged  ftoedng  of  snow  fields. 

The  above  divergences  are  very  satisfactory,  providing  the  preliminary  esti- 
mates of  evaporation  and  absorption  are  substantiated  by  further  investigation. 
Yet,  even  so,  when  compared  with  the  method  of  seasonal  percentage,  the 
method  of  areas  is  obviously  too  elaborate,  for  It  requires  twice  the  number  of 
courses  and  twice  the  time  used  in  the  other  method,  even  though  the  study 
of  evaporation  and  absorption  is  necessary  to  refinement  with  either  method. 

However,  the  method  of  areas  is  often  of  first  importance  where  original  data 
on  run-off  must  be  procured  from  the  snow  fields  themselves,  but  even  in  such 
cases  the  method  should  be  remodeled  as  soon  as  practicable  on  the  basis  of 
seasonal  percentage. 

JBEDUCINO  THE  NUHBEB  OF  DENSITY  MKA8X7BEMBNT8. 

The  lowest  limit  to  which  the  number  of  density  measurements  can  be  reduced 
depends  upon  the  accuracy  required  in  a  survey.  Where  a  divergence  of  2  per 
cent  means  a  difference  in  storage  of  4,000  acre-feet,  it  is  evident  that  a  high 
degree  of  accuracy  is  essential,  particularly  when  evaporation  and  late  precipi- 
tation may  still  further  affect  the  result 

In  the  Sierra  Nevada,  it  seems  possible,  on  the  basis  of  the  measurements 
made  in  1916  (see  following  table),  to  reduce  the  density  measurements  in  any 
individual  course  tenfold  without  incurring  an  error  greater  than  2.7  per  cent, 
and  where  four  separate  stations  are  maintained  the  average  error  of  all  will 
be  only  1.4  per  cent 

However,  it  would  not  be  possible  to  make  the  density  measurements  in  one 
course  suffice  for  all  others  in  the  same  basin,  for  variations  of  6.9  per  cent 
might  thereby  result.  And,  if  density  measurements  were  discarded  altogether 
for  measurements  of  depth  only,  the  error  in  some  seasons  for  even  an  entire 
basin  might  be  as  great  as  17.2  per  cent.     (See  Table  25.) 

Individual  measurements  in  Cottonwood  Greek,  Idaho,  and  Ck)ttonwood  Canyon, 
Utah,  have  not  been  published,  but,  on  the  basis  of  the  groups  of  measurements 
available,  the  snow  density  between  the  various  parts  of  the  latter  watershed 
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in  1916  varied  between  tlie  extremes  of  87.42  and  48.48  per  cent  In  City  Creek 
Canyon,  liowever,  the  density  of  the  snow  during  the  three  years,  1913-1916, 
varied  only  between  the  extremes  of  80  and  86  per  cent. 

The  reduction  of  the  number  of  density  measurements  to  1  in  every  10  and 
the  retention  of  the  other  9  as  depth  measurements  only  will  save  one-fourth 
the  time  now  spent  on  each  course  and  make  possible  an  equivalent  increase  in 
its  length  if  such  increase  proves  to  be  desirable. 

Table  46. — Divergence  in  relative  density  acoompanying  reduction  in  iMffitder 
of  measurementt  of  demity  (1916). 


WataralMds  and  couraas. 

Entire 

course 

(number 

ure- 
ments). 

Relative 
density. 

Measure- 
ments se- 
lected at 
random 
(number 

ure- 
moitB). 

Relative 
density. 

Every 
tenth 
measure- 
ment 
(number 
of  meas- 
ure- 
ments). 

Relative 
density. 

Diver- 

entire 

course 

and  every 

tenth 

mnt 
(density). 

Band  Lake,  Wyoming: 

10,iaO  to  10^  feet  May  5. . . 
WaDcor  Rivor.  Nevada: 

7.280  feet  Adt.  6 

06 

19 
40 

\     » 

17 

36 

9 
67 
84 
107 
18 

60 
67 

87.7 

4&8 

48.0 

41.6 
40.8 
41.0 

42.1 

40.6 

4&3 
40.0 
4&8 
46.2 
48.2 

48.7 
41.7 

9 

5 
7 

6 

4 
4 

88.8 

47.0 
48.6 

4L8 
89.8 
42L9 

7 

2 

4 

4 
2 
2 

2 

8 

1 
0 

89.8 

46.0 
42.6 

4L8 
88.0 
48.3 

41.7 

42.6 

47.6 
40.9 
46.0 
48.6 
40.1 

40.0 
40.0 

L6 

L7 

8,800  to  9,0{^  feet  Apr.  8 

Oareon  River: 

7,600  feet  ICar.  17 

LI 
QL2 

8,000fe«t  Mar.  34 

LS 

"^WaScrik,7,dbofeet  Mar. 

L7 
0.4 

Robioon  Peak,  8,100  feet 
Apr.7 

10 

Mount  Tallao— 

8,000  feet 

a7 

8,000  to  9,750  feet  Apr.  6. 

0.9 

8 
11 

2.7 

9,000to  10,800feet  Mar.a?. 

2.7 

2 

6 
0 

2.1 

TahoeCity,0,325ft.Mar.26- 
Open.... 

2.8 

Foieet 

LI 

KXFSNSBs  or  snow  SXntVETS. 

The  expense  of  making  a  snow  survey  depends  on  the  accessibility  of  the 
basin  and  the  number  of  courses  required. 

In  the  Tahoe  Basin,  which  has  a  total  area  of  approximately  500  square 
miles  and  water  communication,  under  the  present  system  of  seasonal  per- 
centage, the  seasonal  survey  can  be  made  by  two  men  in  10  days  at  a  maximum 
cost  of  $150.  This  cost  will  include  also  the  expense  of  measuring  rainfall 
during  the  spring  and  early  summer.  If  the  estimate  l)ased  on  tliis  surv^ 
is  applied  to  an  adjoining  basin  also,  the  relative  expense  is  thereby  further 
decreased. 

If  the  courses  at  Tahoe  City  are  substituted  for  the  standard  high  level 
courses  now  used,  the  survey  can  be  made  for  $25,  indoding  the  measurem^it 
of  rainfall  as  before. 

The  surveys  in  other  watersheds  in  Nevada  will  probably  cost  little  more 
than  in  the  Tahoe  Basin.  However,  in  the  larger  river  basins  of  California, 
tlie  expense  will  probably  be  double  this  amount 

A  snow  sampler  should  preferably  be  supplied  for  each  basin,  unless  tJie  time 
required  for  the  surveys  in  the  individual  basins  is  comparatively  short 
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Where  watersheds  are  more  or  less  inaccessible,  camps  should  be  established 
and  supplied  with  beds  and  provisions  during  the  previous  summer.  But  care 
should  be  taken  to  select  camp  sites  where  the  snow  lies  shallow.  Othei^Biise» 
the  camp  may  be  buried  too  deeply  in  snow  to  be  either  comfortable  or 
convenient. 

FBBSENT  FBOBLBMS. 

Three  major  problems  still  remain  to  be  solved  before  snow  surveying  can 
attain  its  highest  efficiency. 

1.  More  accurate  measurements  must  be  made  of  the  evaporation  from  snow 
fields  and  lake  surfaces,  and  a  careful  investigation  of  eccentricities  in  run-off 
due  to  temperature  and  other  weather  conditions. 

2.  An  intensive  study  should  be  made  of  the  long  streams  of  California  and 
others  similarly  situated,  in  which  the  belt  of  maximum  precipitation  lies  far 
below  the  crest  of  the  mountains.  Not  only  should  gauging  stations  be  placed 
at  the  spring  snow  line  to  segregate,  if  possible,  the  measurement  of  the  flood 
waters  from  the  summer  flow,  but  stations  for  snow  surveying  and  the  measure- 
ment of  rain  should  be  established  nearer  the  line  of  maximum  precipitation 
to  supplement  the  measurements  along  the  crest 

8.  Finally,  further  surveys  should  be  inaugurated  in  the  basins  along  the 
axes  of  the  mountain  ranges  to  ascertain  the  exact  extent  to  which  the  oscilla- 
tion in  seasonal  precipitation  in  one  basin  can  be  applied  to  others,  and  thus 
determine  the  minimum  number  of  surveys  that  can  be  made  to  serve  an 
entire  mountain  system. 

APPENDIX. 

Table  I. — Increase  in  demity  wUh  elevation,  depth,  and  season,  1909-15. 


Ex. 

Bleyatkiiaiidd«pth. 

Uniform 
depth. 

Comioee. 

Thin 
forest. 

Dense 
forest. 

tremesin 
density. 

raCBMBBBnlAMUAST. 

e,000  to  7,000  feet: 

10  to  40  inclMtt 

90.8* 

21.5* 

23.5« 

60  to  80  inebas 

90.8-20.7 

OOtolWlnfrlMff 

29.71 

2&6* 

7,000  to  9,000  feet: 

No  meesarameots. 
9,000  to  10300  feet: 

10  to  40  inebas 

2L2* 
94.9* 
2&9« 

82.8* 
98.6* 

M  to  80  inches 

96.6* 
8a4« 
84.11 
88.7 

86.7* 
86.8« 
86.4* 

90  to  130  inches 

21.9-84.1 

lao  to  160  inches 

1 70  to  900  fairhM 

FBBBUABT-lfABCH. 

5,000  to  7,000  feet: 

10  to  40  inchefl 

8S.8« 
86.1« 

84.2* 
84.6  « 
84.8« 
86.11 

84.6* 
83.3* 

fi0to80lni^h«T 

90  to  120  inclMtt 

83.8-86.7 

180  to  100  inches 

7,000to%w£tr^ 

10to40inehes 

88.8t 
8&8* 
89.8« 
89.64 
4L51 

Mto80inohes 

42.0* 
4L4« 
4L0« 

90  to  190  inoh«e 

180  to  100  inohes 

33.»-42.6 

170to900inoh«e.. 

210  to  940  Inohes 

47.21 

82.9* 
86.8* 
38.9* 
44.0« 
42.5« 
44.7* 

9,000  to  1O30O  feet: 

10to40inches 

99.9  « 
87.6* 
88.7* 
42.8« 

82.0* 
84.4« 
87.7* 
49L0« 
44.0« 
4a6S 

80to80inehes 

90  to  190  inchefl 

180 to  100 inohes ... 

90.9-44.7 

170  to  900  inohes 

210  to  940  inohes 
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Tabix  h—IncreoMe  in  detuity  with  elevation,  etc.— Continued. 


EtovBtion  and  dtfrth. 


Opi  cwiinif  y . 


nnMorm 
dapth. 


CocnioM. 


Fcnstod  oonntry. 


Thin 
totmL 


Ex. 
mm 


5,000  to  7,000  feei: 

10  to  40  inches... 

50to  80  inches... 

90  to  lao  inches.. 
,000  to  9.000  feet: 

10  to  40  inches... 

50  to  80  inches... 

90 to  laO inches.. 

130  to  160  inches. 

170  to  200  inches. 
9,000  to  10300  feet: 

lOto  40  inches... 

50  to  80  inches... 

90 to  laO  inches.. 

130  to  160  inches. 

170  to  200  inches. 

210  to  240  inches. 


41.4* 


39.6« 
417* 


415« 

44,0* 
«.4« 


47.1 « 
46.7* 
44,1« 


36.24 
46.4« 
I  47.4 « 
49.4  « 
49.9  < 


39.2* 
46.7* 
49.3* 
40.0* 
5a6* 
48.7* 


415* 
41.6* 
44.8* 
46.9* 
47. 2  • 

4L9* 
45.5* 
48.2* 
48.4* 
5a2* 
5a5« 


4a6* 
40.1* 
42.0* 

4X0* 
41.4* 
41.2* 


h 


JTJKE-JULY. 


5,000  to  7,000  feet: 

10  to  40  inches... 

50to  80  inches... 

90  to  120  inches.. 

130  to  160  inches. 
7,000  to  9,000  feet: 

10  to  40  inches... 

50  to  80  inches... 

90  to  120  inches.. 

130  to  160  inches. 

170  to  200  inches. 

210  to  240  inches. 
9,000  to  10,800  feet: 

10  to  40  inches... 

50  to  80  inches... 
'  90 to  120 inches.. 

130  to  160  inches. 

170  to  200  inches. 


56.8V 


48.01 


49.3« 
52.8* 
53.2* 
55.8* 


50.2* 
55.3* 
66.1* 
58.51 


48.31 

5a3* 
51. 5  « 
5a8« 
62.0* 
5a9« 
52.31 

40.6* 
52.3* 
57.0* 
56.3« 
58.31 


48.1* 
50.0* 
48.6  • 
56.5« 


61.3* 
62.8* 
56.2* 
58.4* 


6-417 


41.9-40.0 


35.9-50.6 


UswO-fias 


4&  1-66.5 


49.6-5&4 


NoTB.^The  exponent  accompuiyimr  each  dansity  represents  number  of  decades,  or  oofmB  of  tan.  npon 
which  the  compotatloo  was  based.    Thos  the  axponnt  *  Indicates  that  one  decade  on  t  of  four  is  miKiDg- 

Table  II. — Tahle  of  snow  densities  for  estimating  the  water  content  of  snow 

ioithout  a  snow  sampler. 

Based  on  16,120 
»  condition  or  tne  snow  lor  7  years,    'me  oepti      "      ' 
in  percentage.    The  expc 
water  content  are  based.] 

FEBRUARr  AND  MARCH— 5.000  TO  7.000  FEET. 


[Ammged  aocording  to  seasonal  precipitation  and  melting.    Based  on  16,120  measorements  raprasanting 
the  average  condition  of  the  snow  for  7  years.    The  depth  and  water  content  are  in  IndMS,  the  density 
Brocage.    The  exponents  represent  the  nmnber  of  measu^ments  upon  whkh  the  depth  and 


Open  country. 

Depth. 

Uniform  depth. 

Cornices. 

Thin  forest. 

Dense  forest. 

Depth. 

Water 
con- 
tent. 

Den- 
slty. 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

DepUL 

Water 
con- 
tent. 

Den- 
sity. 

2 

3.7* 
10. 6W 
20.  Oi** 
29.7»» 
39. 6i** 
6a  0" 
6a  9« 
68.711 
78.8P1 
88. 4» 
10L1« 
107.9* 
116. 0» 

1.47 
4.12 
7.28 
ia45 
14.34 
19.32 
23.01 
26.20 
27.29 
29.74 
39.05 
39.96 
39.66 

4a3 
38.9 
86.4 
35.2 
36.3 
38.6 
37.8 
8&3 
84.6 
88.6 
38.6 
87.0 
34.6 

3.9 
ia7i** 
21. 9M 
29.  S« 
39.8" 
5a  OB 
69. 9<" 

7aoi« 

78.9"» 
80.2Mi 
98. 4« 
100. 6« 
117. 4M 

LOB 
3.66 
7.37 

ia2 

13.92 
2a  03 
3L19 
30.17 
37.40 
3a  68 
84.04 
38.70 
4L37 

36.0 

10 

10.7** 
19.8i« 
3a  6M 
39. 41*' 
48.5" 
59.2* 
69.7i« 
8a2M 
86.4»i 
95.01 

4.11 
7.66 
9.84 
14.68 
19.01 
21.41 
27.10 
28.7 
30.51 
35.60 

38.4 
3&2 
32.2 
37.3 
39.2 
36.2 
38.9 
3&8 
85.3 
87.5 

34.3 

ao 

34.6 

30 

84.8 

40 

35.4 

50 

4ao 

(to 

35.4 

70    

37.4 

80 

34.8 

go           

314 

100 

34.6 

110 

35u3 

130 

35.2 

130        

140 

150 
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Table  II. — Table  of  snow  denHties  for  estimating  the  water  content  of  snotc 
ioitJtout  a  8now  sampler — Continued. 

APRIL  AND  MAY— 7,000  TO  9,000  PEET. 


Opflii  oountry. 

Porested  country. 

ISt. 

Depth. 

Unifonn  depth. 

Cornices. 

Thin  forest. 

Dense  Con 

Depth. 

Water 
con- 
tent. 

Den- 
8lty. 

Depth. 

Woter 
con- 
tent. 

Den- 
sity. 

Depth. 

Water 
con- 
tent. 

Den- 
slty. 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

2 

4.01 

ia5i» 

19.5" 

89. 4M 
50.36* 
59.9" 
7a6»« 
79.5" 

9ai*< 

99.5" 
109.  a** 
118.9 
128.01 
138.01 

1.20 
3.92 
7.96 
12.39 
18.10 
22.20 
38.78 
84.06 
89.37 
43.13 
40.20 
56.87 
57.92 
65.80 
66.30 

80.0 
37.6 
40.8 
40.6 
45.9 
44.2 
48.0 
48.2 
49.4 
47.9 
49.5 
51.1 
4&8 
51.0 
48.0 

10 

9.9*4 1    A.ia. 

45.7 
41.0 
39.1 
41.2 
4L2 
41.7 
42.3 
48.6 
43.8 
45.2 
47.8 
46.2 
45.8 
46.2 
44.2 
44.8 
44.6 
46.0 

5ao 

9.51  1    i'92 
20.9*  •    8.97 
82.01     12.80 
40. 6»  1  17.76 
50.51*,  2ai2 
59.9*     25.88 
68.6"!  28.85 
80.1*4  1  32.97 
89.2"!  87.69 
96.4**'  4a  15 

41.8 

20 

20.3* 
33.01 

9.47 
15.68 

46.7 
47.5 

19. 5« 
29.8*' 
40. 2«" 
50.1»» 
58.51W 
69.5u« 
79.7i» 
89.9" 
99.4" 
109. 4»« 
119.7* 
182. 8*r 
141.1" 
149. 6*« 
159.8" 
168. 51* 

8.00 
11.66 
16.58 
20.64 
34.37 
29.88 
34.76 
38.85 
44.89 
52.84 
55.85 
60.16 
65.17 
66.05 
70.58 
75.11 
83.20 
94.70 

42.9 

80 

40.0 

40 

48.7 

50 

30.8 

60 

59.01 

25.48 

43.2 

42.8 

70 

41.8 

80 

81. 5» 

4a  92 

50.2 

41.2 

90 

42.8 

100 

40.8 

110 

109.3" 
117. 6» 
134.01 
139.3' 
148. 7« 
159.1* 
170.1* 
182.2* 
187.6* 
203.01 

45.09 
47.44 
59.50 
59.35 
64.45 
74.55. 
74.79 
8a  43 
88.36 
89.70 

41.3 

120 

115.01 
131.01 

50.80 
53.00 

44.2 
40.5 

40.3 

130 

44.4 

140..... 

42.6 

150 



43.8 

160 

46.9 

170 

44.0 

180 

184.01  1  97.00 

52.7 

178.6* 
189. 5» 

44.1 

190 

44.4 

200 

1 

44.2 

210 

( 

1 



230 

i 

:::::::!::::::: 

280 

1 

.......!....... 

3i0 

'     . 

) 

::::::::::::::  :::::i:::::: 

236.01 

107.70 

45.6 

350 

1 

1 

::;.;:;)-■-■- 

1 

.  .  .| . .. . 

APRIL  AND  MAY-9,000  TO  10,800  FEET. 


Open  country. 

Porested  oountry. 

Depth. 

Uniform  depth. 

Cornices. 

Thta  forest. 

Dense  forest 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

2 

2.1" 
ia2M 

2a  0" 

29.7" 
39.9" 
60.5" 
60.9*' 
70. 1« 

8ai*< 
sas" 
ioa2» 

109.9" 
119. 1" 
129.9" 
137. 4" 
149.8* 
160.6* 
167. 4* 
179.3* 
187.5* 

.64 
3.42 
a67 
9.73 
17.08 
21.70 
26.46 
32.09 
37.48 
41.74 
49.45 
53.11 
68.65 
66.22 
69.17 
74.63 
77.89 
81.29 
89.02 
97.35 

3a7 
33.5 
33.4 
32.8 
42.8 
429 
44.2 
45.8 
4a8 
46.6 
4a  4 
4&3 
4a  2 
51.0 

6a3 

4a  8 

48.5 
48.6 
4a  6 
51.9 

10 

id.  4* 
18.0" 
29.3* 
3a  71* 
6a  7" 
69. 01* 
69.9" 
80.3" 
9a  2" 

ioa4* 

108.4" 
118.7" 
132.2* 
139.1* 
14a  6' 
162.01 
173.01 
180.8* 
19L3* 
20a4* 
207.7* 
82a  51 
325.01 

3.87 
7.06 
ia42 
17.71 
22.14 
28.64 
32.61 
38.42 
44.14 
5a  69 
53.66 
57.72 
65.69 
6&20 
72.25 
81.80 
80.18 
93.00 
98.62 
95.87 
97.53 
109.90 
106.00 

37.2 
39.2 
35.0 
44.6 
43.7 
48.6 
46.7 
47.9 
48.9 

5a5 

4a  5 
48.6 
4a  7 

4a  0 

48.3 

5a5 

51.5 
51.4 
51.6 
47.8 
47.0 
4a  8 
47.1 

laoi 

21.4* 
31.0>» 
39.8" 
4a  8" 
6a  8" 
69.71' 
8a  8" 
89.4" 
100. 11' 
109. 8>* 
120. 8»o 
129.8" 
139.2" 
161. 5< 
161.6* 
167.3* 
175. 7« 
186.01 

i*2i 
8.01 
13.98 
17.11 
22.35 
28.28 
31.69 
36.26 
41.99 
46.31 
53.70 
6L30 
63  19 
67.86 
72.37 
78.69 
82.10 
00.25 
93.20 

42.1 
37.5 
45.1 
43.0 
44.9 
46.6 
45.5 
44.0 
47.0 
46.3 
4&9 
50.8 
48.7 
48.8 
47.8 
48.7 

4a  1 

51.4 

5ai 

30 

30 

1 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

100 

170 

igo 

190 

300 

310 

2iai* 

99.91 

47.6 

3S0 

230 

232.51 

124  in 

53.4 

340 

* 

3S0        
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The  Chairman.  Prof.  Churdi  has  prepared  a  splendid  paper  for 
US,  and  I  regret  very  much  that  the  time  is  so  short  that  we  have 
not  been  able  to  hear  quite  all  of  it.  It  is  a  subject  that  is  exceed- 
ingly important  in  the  West,  and  one  in  which  the  Weather  Bureau 
is  very  much  interested.  Prof.  Church  has  been  doing  some  ad- 
mirable pioneer  work  in  the  field.  A  few  minutes  for  brief  dis- 
cussion remain. 

Mr.  Thiessen.  Mr.  Chairman,  I  am  sure  we  all  have  been  exceed- 
ingly interested  in  Prof.  Church's  paper.  I  do  not  wish  to  criticize 
it  in  any  respect,  but  I  just  want  to  say  a  word  about  Salt  Lake  City. 
We  have  carried  on  snow  surveys  there  for  five  years,  and  I  want  to 
say  something  about  the  ideals  we  have  had  in  mind  in  regard  to  the 
ultimate  use  to  which  these  surveys  will  be  put,  which  will  be  for 
agricultural  rather  than  for  power  purposes. 

The  agriculturists  around  Salt  Lake  City  agree  with  me  that 
snow  surveys,  if  found  to  be  accurate  enough,  may  ultimately  be 
used  to  help  the  farmers  plan  their  cropping  system  in  Utah.  We 
find  from  year  to  year  that  there  are  great  variations  in  the  amount 
of  snowfall,  and  in  years  of  great  snowfall  the  information  can  be 
had  early  enough  so  that  the  farmers  may  plant  such  crc^  as  re- 
quire a  great  amount  of  water  or  bring  more  land  under  their  canals. 
Generally  there  is  a  large  area  of  land  which  can  be  put  under  a 
canal  and  under  cultivation,  so  that  the  excess  water  can  be  used  to 
bring  greater  areas  under  cultivation.  If  the  snow  in  the  mountains 
is  found  to  be  a  great  deal  less  than  normal,,  less  crops  should  be 
planted  or  crops  that  will  require  less  water. 

Of  course  these  snow  surveys  have  a  direct  influence  upon  power 
plants,  and  hydraulic  engineers  are  greatly  interested  in  them,  but 
the  greatest  amount  of  good  will  probably  be  done  to  the  agricul- 
turists. 

Mr.  Wells.  I  simply  want  to  say  in  connection  with  this  work 
that  I  regard  it  as  one  of  the  most  important  meteorological  problems 
of  the  arid  West.  We  who  live  in  States  where  there  is  a  large 
amount  of 'land  under  irrigation,  and  where  the  capacity  of  the 
streams  to  supply  water  for  these  irrigation  projects  is  taxed  to  its 
utmost,  realize  the  importance  of  this  work.  Mr.  Church  has  spoken 
about  the  value  of  this  work  in  planning  cropping  systems.  We 
have  realized  that  value.  Another  phase  of  it  was  brought  to  my 
attention  in  the  last  year.  As  many  of  you  know,  perhaps,  we  are 
just  completing  the  highest  irrigation  dam  in  the  world  for  the 
storage  of  water  for  irrigation,  and  I  suppose  when  that  dam  is  com- 
pleted the  demand  for  information  of  this  character  will  be  much 
lessened,  but  I  find  that  those  who  are  in  charge  of  the  dam  are  quite 
as  anxious,  in  fact  more  anxious,  to  get  the  data  as  to  the  amount  of 
snow  in  the  mountains  and  its  water  content,  in  order  that  they  may 
plan  for  handling  the  water  in  this  great  dam.    They  wish  to  make 
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the  period  of  storage  just  as  short  as  possible  because  of  the  difficul- 
ties of  handling  so  large  a  volume  of  water  under  such  a  terrific 
head.  We  find  them  fairly  clamoring  for  the  information.  So  far 
we  are  able  to  give  them  just  a  little  bit  of  it. 

The  Chairman.  The  next  paper  is  entitled  ^Introduction  to  the 
study  of  solar  relations  of  meteorology,"  by  Senores  Don  Germ&n 
Barbato  and  Don  Pedro  Esquerrfi.  The  second  paper  is  on  **The 
callender  sunshine  recorder,"  by  Prof.  A.  E.  Douglass,  of  the  Univer- 
sity of  Arizona.  Owing  to  the  absence  of  the  authors  of  these  two 
papers  they  will  be  considered  as  having  been  read  by  title,  and  we 
will  ask  your  attention  to  the  paper  by  Prof.  H.  H.  Kimball,  of  the 
United  States  Weather  Bureau,  Washington,  D.  C,  on  "Measure- 
ments of  the  intensity  of  solar  and  sky  radiation." 


MEASUREMENTS  OF  SOLAR  AND  SKY  RADIATION. 

BY  HERBERT  EL  KIMBALL, 
Profenor  of  MeieortOoffv,  UnUed  Statei  Weather  Bureau,  WoMhingtan,  D.  0. 

INTBODXTCnOIf. 

Measorements  of  the  quantity  of  heat  reoeiyed  firom  the  son,  principally  in 
the  form  of  direct  iolar  radiation,  but  partly  as  diflufle  radiation  from  the  sky, 
are  of  fondamodtal  importance  to  meteorologists,  since  upon  the  amount  of  this 
radiation  are  dependent  all  atmospheric  motions  and,  in  consequence,  all 
weather  changes,  as  weU  as  the  pnr^  solar  dimatic  variations. 

Likewise,  these  measarements  wiU  be  foond  of  fondamental  importance  to 
biologists,  since  few  organisms  can  function  properly  if  long  deprived  of  the 
stimulns  derived  from  solar  energy  in  the  form  of  light  and  heat 

RADIIlTION    MSASX7BE1CSNT8. 

Solar  radiation  intensities  have  not  yet  been  generally  introduced  into 
meteorological  or  biological  formulie  for  the  reason  that  these  intensities  are 
stlU  imperfectly  known.  Their  exact  measurement  is  attended  with  some 
difficulty,  principally  on  account  of  the  character  of  the  apparatus  required. 

Pyrheliometera.— The  apparatus  usually  employed  for  measuring  solar  radia- 
tion intensities,  and  called  pyrheliometers,  may  be  divided  into  static  and 
dynamic  instruments.  The  Angstrom 'compensation  pyrheliometer,  which  was 
once  recommended  as  a  standard  instrument  by  the  International  Union  for 
Ck>operation  in  Solar  Research,  (1)  employs  the  static  method  of  measurement 
The  excess  of  temperature  of  a  thin  blackened  metal  strip,  freely  exposed  to 
radiation,  over  the  temperature  of  a  similar  shaded  strip  is  determined  by 
measuring  the  electric  current  that  it  is  necessary  to  pass  through  the  shaded 
strip  in  order  to  maintain  temperature  equilibrium  between  the  two.  The 
energy  of  the  current  which  is  equivalent  to  the  energy  of  the  solar  radiation 
absorbed  by  the  exposed  strip,  may  be  expressed  either  in  units  of  energy 
or  in  units  of  heat  Thus,  the  electrical  energy  of  the  heating  current  in 
watts  =  C  E  =  C*  R  (current  times  potential,  or  current  square  times  resist- 
ance) ;  dividing  this  by  4.181,  the  mechanical  equivalent  of  heat  in  watt- 
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seconds,  we  obtain  the  eqnival^t  of  the  electrical  energy  of  the  heating 
current  In  gram-calories  per  second. 

A  thermo-coui^e  In  conjunction  with  a  sensitive  galyan<»net^  la  eoq^loyed  to 
determine  when  temperature  eqailibrlnm  is  established  between  the  shaded  and 
the  exposed  strips,  and  these  strips  are  mounted  in  a  suitably  dlaphragmed  tube 
that  is  k^t  pointed  toward  the  sun  by  hand. 

A  well-known  instrument  employed  in  the  dynamic  method  of  observation  Is 
the  Smithsonian  silver-disk  pyrhellometer  (2),  in  which  the  bulb  of  a  mercurial 
thermometer  is  embedded  in  a  silver  block,  the  blackened  surface  of  whicdi  is 
exposed  to  the  sun,  but  protected  from  the  surrounding  sky  by  means  of  a 
properly  dlaphragmed  tube.  This  Instrument  also  requires  adjustment  by  hand 
to  keep  it  pointed  toward  the  sun.  The  measurements  consist  in  determining 
the  rate  at  which  the  sliver  block  gains  in  temperature  when  exposed  to  radia- 
tion for  a  short  Interval  of  time,  as  one  minute,  and  also  the  rate  at  which  it 
cools  when  shaded  for  an  equal  IntervaL 

According  to  the  principle  of  Desains  (3)  the  sum  of  the  rate  at  which  the 
pyrhellometer  Increases  in  temperature  when  exposed  to  radiation  plus  the  rate 
at  which  it  cools  when  shaded  is  a  constant  for  any  given  intensity  of  radiation, 
regardless  of  the  excess  in  temperature  of  the  pyrhellometer  over  the  tem- 
perature of  the  surrounding  medium,  provided  the  temperature  of  the  latter 
does  not  change,  and  the  temperature  of  the  pyrhellometer  averages  the  same 
during  the  period  of  cooling  as  during  the  period  of  heating.  This  constant 
sum  represents  the  rate  at  which  the  pyrhellometer  would  Increase  in  tem- 
perature when  exposed  to  radiation  if  no  heat  were  given  up  by  the  instrument 

Expressing  this  rate  of  Increase  in  degrees  centigrade  per  minute*  and  multi- 
plying by  the  water  equivalent  of  the  silver  block  and  the  contained  thermom- 
eter, we  obtain  the  number  of  calories  of  heat  received  by  the  silver  block 
each  minute,  disregarding  minor  ccMrections.  Dividing  this  amount  by  the 
number  of  square  centimeters  in  the  cross  section  of  the  opening  in  the  dla- 
phragmed tube,  we  obtain  the  radiation  Intensity  expressed  in  gram  calories 
per  minute  per  square  centimeter  of  area  normal  to  the  direction  of  incidence 
of  the  solar  rays. 

The  Marvin  silver  disk  pyrhellometer  is  similar  in  principle  to  the  Smith- 
sonian instrument,  except  that  an  electrical  resistance  thermometer  in  the 
shape  of  a  coll  of  fine  wire  takes  the  place  of  the  mercurial  thermometer  em- 
bedded in  the  silver  block.  The  readings  consist  in  determining  the  change  in 
resistance  of  the  coil  when  the  silver  block  is  alternately  exposed  to  solar 
radiation  and  shaded  from  It.  They  are  made  in  the  usual  way  by  means  of  a 
Wheatstone  bridge  and  a  sensitive  galvanometer  and  are  expressed  in  ohms  of 
resistance;  but  the  relation  between  resistance  and  temperature  change  has 
been  determined  by  calibration,  so  that  if  we  know  the  water  equivalent  of 
the  silver  block  and  Its  contained  wire  we  may  compute  from  the  readings  the 
amount  of  heat  in  gram-calories  per  minute  that  was  necessary  to  produce  th« 
observed  change  in  resistance.  The  pyrhellometer  is  provided  with  an  equato- 
rial mounting  and  is  kept  pointed  toward  the  sun  by  clockwork. 

Marvin  pyrheliometers  are  employed  by  the  Weather  Bureau  in  its  solar 
radiation  measurements,  but  they  have  been  standardized  by  comparison  with 
the  Smithsonian  absolute  pyrhellometer.  In  this  latter  instrument,  which  was 
designed  by  Abbott  (4),  all  the  solar  radiation  received  In  the  hollow-chamber 
type  of  absolutely  black  body  is  employed  In  raising  the  temperature  of  a 
measured  quantity  of  water. 

Recording  pyrJieliometers, — ^Meastlr^nents  of  the  intensity  of  direct  solar 
radiation  by  any  of  the  above  Instruments  are,  in  general,  possible  only  when 
the  sky  about  the  sun  is  clear.    The  passage  of  clouds  across  the  solar  disk 
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introduces  such  rapid  fluctuations  in  the  radiation  intensity  that  the  measure- 
ments are  quite  meaningless.  It  is  desirable,  however,  to  obtain  continuous 
records  of  the  quantity  of  heat  received  from  the  whole  sky,  including  that 
portion  occupied  by  the  sun.  For  this  purpose  we  may  employ  a  differentiiJ 
resistance  thermometer  and  a  self-adjusting  Wheatstone  bridge,  arranged  as  in 
the  Callendar  recording  pyrheliometer  (5).  In  this  instrument  two  resistance 
thermometers  are  exposed  horizontally  inside  the  same  glass  cover,  one  having 
its  wires  left  bright  and  the  other  having  them  blackened.  The  blackened 
thermometer  is  in  one  arm  of  a  Wheatstone  bridge,  and  the  bright  thermometer 
is  in  the  opposite  arm.  When  the  sun  shines  the  blackened  thermometer  ab- 
sorbs heat,  and  its  resistance  increases  much  faster  than  that  of  the  bright 
thermometer,  which  reflects  most  of  the  heat  that  ftills  upon  it  The  bridge 
automatically  introduces  resistance  to  maintain  the  bridge  balance,  and  at  the 
same  time  makes  a  record  of  the  resistance  thus  introduced,  which  Callendar 
found  to  be  proportional  to  the  intensity  of  the  radiation  to  which  the  thermom- 
eters are  exposed.  The  thermal  elements,  therefore,  measure  the  intensity  of 
the  vertical  component  of  the  radiation  falling  upon  them. 

In  this  paper  it  is  proposed  to  summarize  the  results  of  pyrheliometric  read- 
ings made  by  the  Weather  Bureau  at  certain  stations. 

Tabix  "L— Monthly  mean  iolar  radiation  intenHties  for  Wathington,  D.  C, 
based  on  measurements  made  from  December,  1905,  to  February,  191t,  and 
from  October,  19H,  to  September,  1915. 

[Latltiidep  8S*  64' ;  longitiide,  77*  08' ;  altitude  aboYo  sea  level,  118  feet  (86  meters). 
Oram  calonee  per  minute  per  square  centimeter  of  normal  surface.] 


Sun's  lenlthdirtanoa. 

ao« 

48.3* 

60. 0* 

66.6* 

7a  7* 

73. 6* 

76.7* 

77.4* 

78.7* 

Air  mass. 

LO 

1.6 

XO 

X6 

8.0 

3.6 

4.0 

4.6 

6.0 

January: 

Or.edl. 

Or.eaL 

Gr,eaL 
1.21 
L28 

1.26 
1.26 

1.19 
1.18 

1.08 
1.06 

1.11 
1.08 

.97 
1.08 

1.00 
1.01 

.06 
.96 

1.06 
1.06 

1.14 
1.14 

1.21 
1.20 

1.26 

Gr.eal 
1.08 
1.11 

L16 
1.18 

1.11 
1.06 

1.01 
.98 

.97 
.92 

.89 
.96 

.93 

.84 

.86 
.87 

.98 
.95 

1.06 
1.03 

1.13 
1.08 

1.18 
1.17 

Or.eaL 
1.00 
1.03 

1.07 
1.08 

1.03 
.98 

.96 
.90 

.89 
.86 

.90 
.87 

.88 

Gr.eal. 

0.94 

.98 

1.02 
.98 

.93 
.92 

.98 

.88 

.80 
.86 

.87 
.78 

.80 

Gr.eai. 
a  91 

.87 

.92 
.92 

.88 
.84 

.84 
.72 

Gr.eal 

0.80 

.82 

.86 
.86 

.82 

.77 

.70 

Gr.eaL 
0.74 

p.m 

.76 

February: 

A.  m 

1.42 
1.40 

1.81 
1.82 

1.18 
1.20 

1.10 
1.19 

1.16 
1.11 

1.13 
1.03 

1.08 
1.09 

1.19 
1.18 

1.26 
1.23 

1.44 

.80 

P.m 

.80 

March: 

A.m 

.n 

P.m 

.60 

April: 

A.  m 

1.40 

.74 

p.m             

May: 

A.m          

1.36 

P  m                

June: 

A.m 

1.29 

.80 

.69 

P  m       

July: 
Am 

1.27 

P  m          

August: 

Am                  

1.24 

.77 
.76 

.86 
.87 

.92 
.90 

1.06 
.97 

1.06 
1.07 

.64 

..i 

P  m 

September: 

A.  m.-. 

1.30 

.77 
.76 

.64 
.69 

.68 

.62 

P  m                   

October: 

A  m                   

p.m 

.84 

.96 
.90 

1.00 
.96 

■■■  .82 

.95 
.82 

.90 
.90 

.74 

.90 

.79 

.79 
.87 

.67 

November: 

A.  m 

.86 

P  m       

.76 

December: 

A  m       



.78 

p.m 



.80 
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Table  1  {continued), — Monthly  mean  solar  radiation  intensities  for  Mount 
Weather,  Va,,  based  on  measurements  made  from  September,  IWt,  to  Mareh, 
1910,  and  from  May,  1911,  to  September,  1914^  inclusive. 

(Latitude.  89*  04' :  longftnde,  77*  58' ;  cltltnde  aboTA  sea  ler^  1J40  feet  (580  meters). 
Gram  calories  per  minute  per  square  centimeter  of  normal  sortace.] 


Sun's  anJthdlitanoe. 

ao* 

48. 3* 

6a  0* 

66.6* 

70.7* 

73. 6' 

76.7* 

77.4* 

78.7* 

Air  mass. 

LO 

L5 

2.0 

S.6 

3.0 

S.5 

4.0 

4.6 

5.0 

Jannarj: 

A.  m 

Or.eal. 

Or.eaL 

Or.eaL 
LS6 
LSS 

LSI 
L17 

L13 
LIO 

LOS 
.00 

.04 

.87 

LOS 
.00 

.04 
.01 

.04 
.00 

Lll 
LOO 

L15 
LIO 

L18 
L18 

L30 

Or.eaL 
L15 
L17 

LU 
LIO 

LOO 
.07 

.OS 

.88 

.84 
.76 

.01 
.00 

.8S 
.81 

.86 
.80 

L04 
.08 

LOO 
.06 

Lll 
L04 

L17 
L18 

Or.eaL 
LOS 
LOS 

.00 
.07 

.06 
.00 

.88 
.76 

.75 
.68 

.88 
.8S 

.78 
.60 

.70 
.81 

.06 
.87 

.06 
.84 

LIO 
.08 

LOO 

LOO 

Or.eaL 
0.97 
LOO 

.OS 

.80 

.88 
.80 

.75 
.60 

.68 
.68 

.75 

.77 

.67 

Or.eal. 

0.88 

.08 

.84 
.8S 

.80 
.76 

.71 
.60 

.61 
.46 

60 

Or.eaL 

0.80 

.88 

.78 
.76 

.69 
.68 

.64 
.68 

.54 

.41 

.68 

Or.eaL 
0l78 

p.m 

.80 

February: 

A.m 

LSS 

.78 

p.m      

.70 

A.  m 

L27 
LSS 

L17 
L15 

LOO 
L04 

L14 
LOO 

L05 
LOO 

LOS 
L04 

LSS 

L20 

L26 
LSI 

LSS 

.66 

P.m .• 

.88 

April: 

A.  m 

L36 

.80 

P.m 

.87 

May: 

A.  m 

L21 

.U 

p.m       

.36 

June:      

A.m 

LS7 

.81 

p.m 

July: 

A.m 

LSS 

.68 

.57 

.56 

p.m 

August: 

A.m 

L24 

.72 
.76 

.00 
.8S 

.01 
.78 

L04 
.85 

LOl 
LOl 

.67 
.67 

.86 
.75 

.87 
.73 

.06 
.78 

.08 
.01 

.68 
.64 

.77 
.60 

.84 
.70 

.OS 

.78 

.87 
.85 

.69 

p.m 

.64 

September: 

A.  m 

L36 

•  74 

p.m 

.68 

October: 

A.m 

.87 

p.m 

.OS 

November: 

A.m 

.89 

P.m 

.79 

December. 

A.m 

.81 

p.m        



.79 

Table  1    (contifMied) .-^Monthly  mean  solar  radiation  intenHties  for  Modi- 
son.  Wis.,  based  on  measurements  made  from  July,  1910,  to  September,  1915^ 

inclusive. 

f [Latitude,  48*  05':  longitude,  89*  28';  altitude  abore  sea  ler^  974  feet  (297  meters). 
Oram  calories  per  minute  per  square  centimeter  of  normal  surface.] 


Sun's  lonlth  distance. 

ao* 

48.8* 

60.0* 

66.5* 

7a  7* 

73.6* 

76.7* 

77.4* 

78.r 

Air  mass. 

LO 

L5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

January: 

Or.eal. 

Or.eal. 

Or.eal. 
L88 

Or.eal. 
L82 
LSI 

L20 
LSO 

Or.eal. 
LSS 
LSS 

LSO 
L18 

Or.eal. 
L18 
L15 

LIO 
L14 

Or.eal. 
LOO 

Or.eal. 

aoo 

Or.osl. 

ass 

p   m                       

February: 

Am              ........ 

L50 

L85 
L36 

L14 

.97 

.88 

P.m 
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Tabl£  1  (conUivued). — Monthly  mean  solar  radiation  intensities  for  Madison, 

Wis,,  etc. — Continued. 


Son's  xenith  distance. 

0.0- 

48w3* 

60.0* 

66. 6* 

70. 7* 

71.6* 

75. 7* 

77.4* 

78.7* 

Air  mass. 

LO 

L6 

XO 

X6 

3.0 

3.5 

4.0 

4.5 

5.0 

KandU: 

A.m 

1.43 
1.30 

1.31 
1.34 

1.10 
1.16 

1.17 
1.11 

1.14 
1.06 

1.20 
1.12 

1.24 
1.20 

L21 

1.83 
1.34 

1.10 
1.27 

1.10 
.88 

L07 

1.26 
1.26 

1.11 
1.10 

.00 

LOO 
L21 

LOO 
LU 

L12 

L05 

L04 

.04 

P.m 

Aprfl: 

A.m 

1.38 

LIO 

p.m 

May: 

A.m 

1.31 

P.m 

Jmie: 

A.m 

1.24 

P.m 

July: 

A.m 

1.28 

1.04 
.80 

1.11 
.00 

1.12 
LOS 

1.12 
1.13 

1.30 

.01 

P.m 

August: 

A.m 

1.31 

1.06 
.86 

1.01 
.06 

L06 
LOO 

LOO 
J.  25 

L24 

.80 
.75 

.06 
.05 

.07 
.06 

L12 
L17 

L16 
LOO 

.08 

.67 

.01 

.72 

.80 
.07 

\s 

LOO 
LOO 

.86 
.70 

.85 
.76 

.81 

P.m 

September: 

A.m 

1.35 

p.m 

.74 
.67 

October: 

A.m 

.64 

p.m 

November: 

A.  M 

LOS 

.06 

.78 

p.m 

December: 

A.m 

L13 

LOO 

.85 

P.m 

Table  1  (continued). — Monthly  mea/n  solar  radiation  intensities  far  Santa  Ph, 
N.  Mew.,  based  on  measurements  made  Beptemher,  1910,  and  from  October, 
1912,  to  September,  1915,  inclusive. 

[Latitiide,  85*  41' :  longitiide,  105*  57' ;  altitude  above  aea  level,  7,018  feet  (2,188  meters). 
Gram  caioriee  per  minute  per  square  centimeter  of  normal  surface.] 


Sun's  senith  distance. 

0.0* 

48.3* 

60.0* 

66.5* 

7o.r 

78.6* 

75.7* 

77.4* 

78.r 

Air  mass. 

LO 

L5 

XO 

2.5 

3.0 

3.5 

4.0 

4.5 

6.0 

January 

Or.€ta. 

Gr.€ta. 
L40 
L54 
L46 
LOO 
L38 
L40 
L83 
L35 
L41 
L44 
L54 

Or.eal. 
L42 
L42 
L45 
L32 
L27 
L83 
L22 
L26 
L30 
L35 
L41 
L48 

Gr.eal. 
L26 
L33 

Gr.eal. 

Or.eal. 

(Tr.eal. 

Gr.eal. 

Or.  col. 

ffiS^!!:::;:::::::::;:::::: 

April 

L52 
L50 
L60 
L45 
L44 
L52 

L22 
L21 
L26 

L14 

^.:::;:::::;::::;::::::::: 

7nne 

July 

August 

L17 
L24 
L24 

"1*80* 

L12 
L15 
L04 
L31 

i.i2 

.05 

LOS 
.00 

LOl 

0.06 

October 

December 
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DQLBCT  SOLAB  BAOIATION  INTENSITIES. 


In  Table  1  are  given  the  monthly  means  of  solar  radiation  intensities 
nred  at  Washington,  D.  G. ;  Mount  Weather,  Va. ;  Madison,  Wis. ;  and  Santa  Fe. 
N.  Mex.  For  details  of  the  observations  the  reader  is  referred  to  earli^  pub- 
lications by  the  author  (6).  The  measurements  have  been  made  with  the  son 
at  such  zenith  distances  that  the  air  mass  has  been  some  multiple  of  0.5,  or 
else  the  measured  intensities  have  been  corrected  by  interpolation  to  some  such 
air  mass.  By  air  mass  is  meant  the  length  of  the  path  of  the  solar  rays 
through  the  atmosphere  to  the  surface  of  the  earth  at  the  place  of  observation, 
the  length  with  the  sun  in  the  zenith  being  unity.    With  the  sun  not  less  than 
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Fio.  1.— Losarithms  of  solar  radiaUon  inteDsltiii. 

10°  above  the  horizon,  the  air  mass  is  approximate  the  secant  of  the  sun's 
zenith  distance. 

The  means  given  are  made  up  of  readings  on  not  less  than  8  different  days, 
and  in  some  cases  on  more  than  80  days.  At  Santa  Fe  afternoon  readings  have 
not  generally  been  made. 

The  radiation  intensity  diminishes  with  increase  of  air  mass,  following  ap- 
proximately the  law  Q=Qo  a"*,  which,  however,  holds  strictly  for  homogeneous 
rays  only.  In  this  equation  Qo  is  the  radiation  intensity  at  the  outer  limit  of 
the  earth's  atmosphere,  a  \b  the  atmospheric  transmission  coefficient,  or  the 
proportion  of  Qe  that  would  be  received  at  the  surface  of  the  earth  with  the 
sun  in  the  zenith,  m  is  the  air  mass,  and  Q  is  the  intensity  of  the  radiation 
measured  with  the  sun  at  the  zenith  distance  indicated  by  m.  Passing  to 
logarithms,  the  equation  becomes  log  Q=log  Qo+m  log  a,  in  which  on  a  good 
day  log  Qo  and  log  a  are  constants.  The  equation  is  therefore  that  of  a 
straight  line.    In  figure  1  are  plotted  series  of  measurements  obtained  on  differ- 
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ent  days  at  different  stations,  with  log  Q  as  ordinates  and  m  as  abscissaa  It 
will  be  noticed  that  measurements  obtained  during  a  half  day  at  a  given  place 
follow  the  above  law  very  closely,  plotting  approximately  in  a  straight  line. 

From  Table  1  it  is  seen,  first  of  all,  that  for  any  given  zenith  distance  of  the 
4un,  as,  for  example,  W*,  the  radiation  intensities  are  higher  in  winter  than  in 
summer.  This  is  due  to  two  causes:  First,  the  earth  is  at  its  least  solar  dis- 
tance in  winter,  and  the  variations  in  this  distance  are  sufficient  to  introduce 
an  annual  variation  of  about  7  per  cent  in  the  radiation  intensities.  Second, 
in  winter  the  water-vapor  content  of  the  atmosphere  is  at  a  minimum,  as  shown 
by  Table  2,  and  water  is  an  active  absorber  of  solar  radiation. 

Solar  radiation  intensities  measured  after  noon  are  usually  lower  than  in- 
tensities measured  before  noon,  especially  in  summer.  This  is  because  convec- 
tion tends  to  bring  the  dust  and  water-vapor  content  of  the  atmosphere  to  a 
maximum  at  about  the  time  of  the  maximum  temperature  of  the  day.  In 
Table  1  the  a.  m.  means  are  not  invariably  higher  than  the  p.  m.  means,  for 
the  reason  that  on  many  days  with  clear  skies  in  the  morning  the  vapor  content 
of  the  atmosphere  is  sufficient  to  form  a  cloud  cover  after  noon.  In  conse- 
quence radiation  measurements  are  obtained  on  fewer  afternoons  than  morn- 
ings, and  in  general  only  on  the  best  days. 

Table  2. — Monthly  mean  vapor  pressure. 


Sereoty-flfthmeridJaa 

Jan. 

Feb. 

ICar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct.  j  Nov. 

Dec. 

WashingUm,  D.  C: 

8  s.  m 

mm. 
3.48 
8.78 

2.16 
2.41 

2.13 
2.51 

mm. 
3.12 
8.43 

2.03 
X84 

2.24 
2.62 

mm. 
4.90 
5.21 

3.35 
3.71 

2.56 
2.56 

mm. 
6.48 
6.76 

4.03 
5.44 

2.97 
2.82 

mm. 
10.81 
10.60 

7.77 
8.51 

4.04 
3.53 

mm. 
13.79 
14.50 

11.40 
1X84 

5.60 
4.85 

mm. 
16.28 
16.74 

13.13 
13.49 

8.03 
7.57 

mm. 
15.75 
16.54 

12.88 
13.84 

8.00 
7.57 

13.08 
13.87 

10.44 
11.07 

6.04 
5.80 

mm.  1  mm. 
8.48     5.33 
9.04     5.50 

6.45     4.12 
6.88     4.42 

3.96  \  2.69 
4.19  I  3.06 

mm. 
8.66 

8p.  m 

3.94 

Madison,  Wis.: 

8s.  m. 

2.69 

8  p.  m. 

2.90 

Santft  Fe,  N.  Hex.: 

8  a.  m 

1.96 

8  p.  m. 

2.34 

In  the  upper  part  of  figure  2  are  plotted  the  monthly  mean  a.  m.  radiation 
intensities  for  air  mass  2,  for  the  three  stations  Washington,  D.  C,  Madison, 
Wis.,  and  Santa  Fe,  N.  Mex.,  reduced  to  what  they  would  have  been  with  the 
earth  at  its  mean  distance  from  the  sun.  Mount  Weather  is  omitted  from  this 
figure,  as  its  means  differ  but  little  from  those  for  Washington.  The  curves 
for  each  of  the  above  stations  show  minimum  intensities  in  summer  and  maxi- 
mum intensities  in  winter.  The  annual  range  is  only  about  10  per  cent  at 
Santa  Fe,  but  exceeds  20  per  cent  at  Washington  and  Madison.  Table  2  shows 
a  correspondingly  greater  increase  in  the  surface-water  vapor  pressure  from 
winter  to  summer  at  Madison  and  Washington  as  compared  with  Santa  Fe. 

In  Table  8  are  given  for  the  three  above-mentioned  stations  the  zenith  dis- 
tance of  the  sun  at  noon  at  the  time  of  the  equinoxes  and  the  summer  and 
winter  solstices,  and  also  the  corresponding  air  masses. 

Table  3. — Zenith  distance  of  the  sun  (Z)  at  noon  and  the  corresponding  air 
mass  (m)  for  certain  stations  at  the  times  of  the  equinoxes  and  the  summer 
and  tci  titer  solstice  ft. 


BUtions. 

Summer 
solstice. 

Equinoxes. 

Winter 
solstice. 

Z. 

m. 

Z. 

m. 

Z. 

m. 

Santa  Fe.  N.  Mex 

12    14 
19    38 
15    27 

1.02 
1.06 
1.04 

35   41 
48    05 
38    54 

1.28 
1.87 
1.28 

50    08 
66    82 
62    21 

1.94 

Madison.  Wis 

Washington.  D.  C 

2.50 
2.H 
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On  account  of  the  great  Increase  in  the  noon  air  man  for  winter  ovor  that 
for  sonuner  we  might  expect  the  noon  radiation  int^isities  to  show  a  decided 
maximum  in  summer.  This  is  not  the  case,  however,  as  is  shown  in  tbe  lower 
part  of  figure  2,  where  are  plotted  the  absolute  monthly  maximum  noon  radia- 
tion intensities  that  have  been  measured  at  e&ch  of  the  above  stations.^  These 
intensities  were  measured  under  the  best  sky  conditions  tliat  have  prevailed 
in  the  different  months  at  these  stations.  The  annual  range  in  these  noon  in- 
tensities is  small  at  Washington,  with  a  slight  minimum  in  summer.  Santa  Pe 
shows  a  summer  minimum  and  a  winter  maximum.  Madison  shows  a  deddeil 
summer  minimum,  and  an  equally  decided  maximum  in  the  early  spring. 

At  Washington,  therefore,  the  direct  solar  radiation  at  noon  on  the  dearest 
days  of  winter  on  a  surface  normal  to  the  direction  of  the  incident  rays  is  as 
intense  as  the  corresponding  intensity  of  summer.  The  effect  of  the  increased 
noon  air  mass  of  winter  as  compared  with  summer  is  offset  by  the  decreased 


Plgva*»  2.  HonUily  mm,  and  vopthly  aaxlaua  noon  solrr  wtfUtlon  iRiencltte*.   for  Saot*  ^« 
>•«  K«x.   (•),  l^dlcon,  ris.(o),  And  Fachlngton,  D.C.   {x),  oxprMSod  la  $r*B-calorlM  p«r 
•Inute  p«r  •quar*  c«ntla«ter  of  noraal   surfaeo. 

solar  distance  of  the  earth  and  the  decrease  in  the  water-vapor  content  of  the 
atmosphere.  At  Santa  Fe  these  latter  effects  more  than  ofEset  the  former, 
and  the  same  Is  true  of  Madison,  except  that  the  maximum  intensities  are  there 
thrown  forward  to  the  time  of  the  vernal  equinox,  when  the  earth  is  at  about 
its  mean  solar  distance,  and  the  vapor  content  of  the  atmosphere  is  still  low. 
At  this  season  of  the  year  the  northern  part  of  the  United  States  is  usually  cov- 
ered with  snow,  and  in  consequence  there  is  little  dust  in  the  atmosphere. 

BBOOBDS  OF  THE  TOTAL  RADIATION  FBOM  THS  SUN  AND  SKT. 

Ck>ntinuous  records  of  the  total  radiation  received  on  a  horiyx>ntal  sartBce 
from  the  sun  and  sky  are  obtained  by  means  of  the  Callendar  recording  pyrh^l- 

^  This  part  of  flgore  2  has  been  redrawn  to  indode  data  to  the  end  of  August,  1916. 
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ometer  regardless  of  the  state  of  the  sky.  In  figure  8  the  trace  B  B  is  sucdi  a 
record,  obtained  at  Mount  Weather,  Ya.,  on  May  8,  191d,  with  a  dear  sky.  A 
screen  was  interposed  between  the  resistance  thermometers  and  the  sun  at 
intervals,  allowing  the  instrument  to  receive  and  record  radiation  fL*om  the 
sky  alone.    The  curve  A  A,  thus  determined,  shows  the  diurnal  variation  in  sky 
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Fio.  8.— Records  of  solar  and  sky  ladiatioii  at  Mount  Weather,  Va.,  on  May  8, 1918. 

radiation.  The  dally  amount  of  radiation  received  from  a  cloudless  sky  in 
summer  varies  from  one-eighth  to  one-third  of  the  total  radiation,  increasing 
with  increased  haziness  of  the  atmosphere.  Subtracting  the  sky  radiation  rep- 
resented by  the  area  under  the  curve  A  A,  in  figure  8,  from  the  total  radia- 
tion, represented  by  the  area  under  the  curve  B  B,  we  have  left  the  area  A  A, 
B  B,  figure  8,  representing  the  radiation  received  on  a  horizontal  surface  from 
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Fio.  4.— ICazJmnm  and  mean  daily  amotmts  of  solar  and  sky  radiatkm  In  gram-oalories  per  square 
centimeter  of  horiiontal  sorlace.  I  (0)>  Maximum  for  Washington,  D.  C;  n  (+),  Mean  for 
Washington,  D.  C;  III  (#),  Mean  f6r  Moont  Weather,  Va. 

the  sun  alone.  The  ordlnates  of  this  area  may  be  compared  with  the  vertical 
component  of  direct  solar  radiation  measurements  by  plotting  the  latter  from 
A  A^BBA  base  line,  as  has  beoi  done  in  figure  3,  giving  the  curve  C  C. 

In  figure  4  the  upper  curve  shows  the  maximum  daily  amounts  of  radiation 
that  have  been  measured  by  a  Gallendar  pyrheliometer  at  Washington,  D.  C, 
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at  different  seasons  of  the  year  on  clear  days.  This  curve  may  therefore  be  con- 
sidered  the  curve  of  possible  daily  radiation  for  Washington.  The  lower  curve 
shows  the  average  daily  radiation  that  has  been  measured  at  Washington  (+) 
and  at  Mount  Weather  (#).  These  curves  are  based  on  records  obtained  at 
Washington  between  July,  1900,  and  April,  1912,  and  between  November,  1914, 
and  February,  1915 ;  and  at  Mount  Weather  between  May,  1912,  and  September, 
1914.  The  curve  of  possible  radiation  for  Mount  Weather  is  nearly  identical 
with  that  for  Washington  during  the  summer  months,  but  is  markedly  lower  in 
winter.  Details  of  the  measurements  may  be  found  In  earlier  papers  by  tlie 
author  (7). 

At  Washington  the  radiation  on  a  dear  day  during  the  early  part  of  June 
is  slightly  in  excess  of  750  calories  per  square  centimeter,  while  In  the  ndddle 


.  Pig,  5.   Isopleths  of  solar  and  sky  radiation  at  Washington,  D.C. 
(Gram-calories  per  hour  per  square  c  en  tine  ter  of  horizon  tal  surface- » 

of  December  it  is  little  in  excess  of  900  calories,  or  only  40  per  cent  of  what 
it  is  in  June.  The  average  daily  radiation  in  December  is  only  80  p^  cent 
of  the  average  daily  radiation  during  the  latter  part  of  May.  During  the 
six  months,  May  to  October,  inclusive,  the  radiation  averages  70  per  cent  of 
the  possible,  while  during  the  remaining  six  months  it  averages  56  per  cent. 

From  the  hourly  amounts  of  radiation  recorded  by  the  Callendar  pyrhell- 
ometer,  at  Washington,  isopleths  of  solar  and  sky  radiation  have  been  drawn, 
as  shown  in  figure  5.  They  represent  graphically  the  average  amount  of  radi- 
ation received  on  a  horizontal  surface  during  each  hour  of  the  year.  The 
isopleths  for  May  and  June  are  drawn  in  broken  lines,  as  they  are  not  so 
well  determined  as  for  other  months.    These  isopleths  show  that  the  maximum 
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hourly  amounts  of  radiation  are  received  during  the  latter  part  of  May.  At 
the  beginning  of  the  third  decade  of  March,  the  time  of  the  vernal  equinox, 
the  hourly  amounts  are  nearly  the  same  as  at  the  beginning  of  the  third  decade 
of  September,  the  time  of  the  autumnal  equinox.  The  upper  curve  of  figure  4, 
which  represents  the  daily  totals  on  dear  days,  shows  an  excess  of  at  least 
15  per  cent  at  the  time  of  the  vernal  equinox,  as  compared  with  the  time  of  the 
autumnal  equinox.  The  monthly  mean  radiation  intensities  plotted  in  figure  2 
would  lead  us  to  anticipate  this  result.  The  agreement  in  the  average  daily 
and  average  hourly  amounts  of  radiation  at  the  two  equinoxes  is  to  be 
attributed  to  the  greater  percentage  of  cloudiness  in  the  spring,  which  offsets 
the  greater  intensity  of  radiation  when  the  sky  is  clear. 

Besides  the  continuous  records  of  solar  and  sky  radiation  that  have  been 
obtained  at  Washington,  D.  C,  and  Mount  Weather,  Va.,  the  Weather  Bureau 
is  obtaining  similar  records  at  Madison,  Wis.,  and  Lincoln,  Nebr.  These  are 
now  being  reduced  and  will  shortly  be  published.  Lincoln,  Nebr.,  also  meas- 
ures the  Intensity  of  direct  solar  radiation  with  a  Marvin  pyrheliometer. 

SUKMABT. 

At  Washington,  D.  C,  Madison,  Wis.,  Lincoln,  Nebr.,  and  Santa  Fe,  N.  Mex., 
the  Weather  Bureau  measures  the  Intensity  of  direct  solar  radiation  on  a  sur- 
face normal  to  the  incident  solar  rays  on  days  when  the  sun  is  unobscured 
by  clouds;  and  at  all  these  stations  except  Santa  Fe  continuous  records  are 
obtained  of  the  total  amount  of  solar  and  sky  radiation  received  on  a  horizontal 
surface. 

One  might  anticipate  that  on  account  of  the  Increased  length  of  the  path 
through  the  atmosphere  of  the  solar  rays  in  winter  at  midday  as  compared 
with  midday  in  summer,  the  maximum  Intensities  of  direct  solar  radiation 
would  be  measured  In  summer.  At  Washington  the  monthly  maximum  noon 
measurements  show  little  annual  variation.  At  Santa  Fe  they  show  a  minimim] 
in  summer  and  a  maximum  in  winter.  This  is  also  true  of  Madison,  except 
that  the  maximum  occurs  in  the  early  spring.  The  relatively  low  summer 
intensities  *ire  attributed  to  the  maximum  solar  distance  of  the  earth  and  the 
maximum  vapor  content  of  the  atmosphere  at  that  season. 

The  monthly  mean  solar  radiation  measurements  with  the  sun  at  zenith 
distance  60**,  reduced  to  mean  solar  distance  of  the  earth,  show  intensities  in 
winter  about  10  per  cent  in  excess  of  summer  intensities  at  Santa  Fe  and  20 
per  cent  In  excess  at  Washington  and  Madison. 

At  Washington  the  total  radiation  received  on  a  horizontal  surface  from  the 
sun  and  sky  on  a  clear  day  in  early  summer  exceeds  750  gram-calories  per 
square  centimeter.  In  the  latter  part  of  December  the  dally  amount  is  only 
SOO  calories  or  40  per  cent  of  what  it  is  in  June.  The  average  daily  amount  in 
June  is  about  525  calories,  or  70  per  cent  of  the  possible.  In  December  it  Is 
about  165  calories,  or  55  per  cent  of  the  possible,  and  less  than  30  per  cent  of 
the  average  dally  amount  in  June.  From  one-eighth  to  one-third  of  the  total 
radiation  on  a  clear  day  is  received  diffusely  from  the  sky. 

Expressed  in  units  of  energy,  1.50  gram-calories  of  heat  per  square  centimeter 
per  minute,  or  90  calories  per  hour,  which  is  not  an  unusual  rate  in  the  middle 
of  the  day  at  Washington  in  May  and  June,  is  equivalent  to  over  1  kilowatt 
per  square  meter,  or  1.2  horsepower  per  square  yard.  A  dally  amount  of  750 
gram-calories  per  square  centimeter  is  equivalent  to  8.7  kilowatt-hours  of 
energy  per  square  meter ;  and  600  calories  per  square  centimeter,  a  daily  rate 
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that  is  to  be  expected  at  Washington  from  about  March  10  to  September  10,  Is 
equivalent  to  7  kilowatt-hours  of  energy.  Hence  in  the  vicinity  of  Washington 
the  energy  received  on  each  square  meter  of  horizontal  surface  on  dear  days 
between  March  10  and  September  10  is  equivalent  to  the  energy  required  to  ran 
twenty-five  40-watt  electric  lamps  for  7  hours. 

The  above  calculation  is  useful  in  that  it  helps  to  fix  in  our  minds  the  magni- 
tude of  solar  radiation  intensities  with  which  we  have  todeaL  Of  greater 
value,  however,  would  be  a  computation  of  the  effect  of  this  solar  energy  upon 
the  growth  of  plants  and  upon  the  development  of  animal  lif^  We  Imow,  for 
example,  that,  in  general,  plant  cells  generate  starch  only  in  the  presence  of 
sunlight,  and  that  starch  is  necessary  to  plant  growth.  How  much  solar  energy 
can  a  given  plant  profitably  utilize?  What  plants  can  be  raised  most  profitably 
when  the  average  daily  radiation  is,  let  us  say,  800  calories,  and  what  plants 
where  it  is  only  one-half  that  amount?  What  effect  has  the  daily  average  of 
solar  radiation  upon  the  percentage  of  sugar  in  beets? 

These  are  only  a  few  of  the  questions  that  should  be  solved,  now  that  we 
have  means  of  obtaining  continuous  records  of  the  int^isity  of  solar  and  sky 
radiation.  ^ 
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The  Chairman.  Before  we  take  up  the  discussion,  I  will  ask  your 
permissioii  to  make  an  announcement.  The  chairman  of  the  com- 
mittee on  resolutions  of  section  IE  has  asked  me  to  request  that  the 
committee  on  resolutions  hold  a  meeting  this  afternoon  at  2.30  in 
the  board  room  of  the  Carnegie  building.  Prof.  Kimball's  paper  is 
now  before  you  for  discussion. 

Mr.  Bauer.  Referring  to  the  slide  giving  the  mean  monthly  radia- 
tion intensities  and  showing  the  minimum  during  the  summer  months 
and  maximum  during  the  winter  months,  the  observations  there  are 
reduced  to  mean  solar  distances,  are  they  not? 

Mr.  Ktmrat.t..  The  maximum,  or  noon  intensities,  are  not  reduced. 
The  monthly  means,  shown  in  the  upper  part  of  the  figure,  are  re- 
duced to  mean  solar  distance. 

Mr.  Bauer.  Showing  the  minimum  during  the  summer  and  the 
maximum  during  the  winter? 

Mr.  Ktmbatji.  Yes. 

Mr.  Bauer.  I  presume  that  represents  entirely  the  absorbing  effect 
of  the  atmosphere. 

Mr.  Ktmbatji.  Yes;  and  principally  the  difference  between  the 
absorbing  effect  of  water  vapor  in  summer  and  in  winter. 


INICIACI6N  AL  ESTUDIO  DE  LA  RELACI6N  HELIOMETEO- 

R0L66ICA. 

Por  QBRBiAN  BARBATO  (hijo)  j  PEDRO  BSQUBRRfl. 

(a)  Resefia  hlstdrica  j  estado  actnaL 

W.  Herschel  fad  ofidalmente  el  primero  que  trat6  de  hallar  un  valor  a  la 
relaci6D  heliometeorol6giea. 

Despu^B  de  €i  muchos  afldonados  j  astrdnomoe  ban  trabajado  para  probar 
sn  ezistenda  j  no  tenemos  necesidad  de  Uegar  a  este  siglo  para  reyfstar  im- 
portantes  trabajos  ejecntados  con  ese  fin. 

Ta  en  1872,  Meldmm,  director  entonces  del  Obaeryatorlo  de  la  Isla  Maurldo, 
publicaba^  como  prlmeroB  trabaJoB  serios  de  esta  fndole  una  serie  de  observa- 
ciones  en  on  intervalo  de  25  alios,  de  las  que  se  deduce  que  el  mayor  nthnero 
y  magnltud  de  los  ciclones  observados  colnddleron  con  la  presenda  de  perturba- 
dones  en  el  sol. 

Por  sus  partes,  Symons,  Lockyer,  Moffat,  Stewart,  Tevons,  Proctor,  ban 
estudlado  y  observado  con  ese  fin  y  llegan  cada  uno  a  resultados  m&s  o  menos- 
comprobantes,  bajo  distintas  maneras  de  investigar. 

Sea  cual  fuere  el  objeto  de  esos  trabajos,  todos  tratan  de  la  reladdn.  Bl 
fin  pnes,  no  es  negarla  slno  dlscutlr  la  marcha  de  los  fen6menos. 

» Nature,  Vol.  VI,  p.  S58. 
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Bn  nnestroB  dfas,  la  cuestidn  es  llevada  con  mAs  seriedad,  por  parte  de  ios 
observatorios  astroffsicos  como  son  el  de  Monte  WUaon,  el  de  Meudon,  el  de 
Qreenwlch  y  otros  que  en  sua  reapectivaa  dependendas  cooperan  para  llegar 
a  resultado^  concluyentes,  y  por  parte  de  los  autores,  loe  que  no  dejan  de 
(led! car  unas  Uneas  a  su  dlacnaidn. 

Han  venido  a  ayndar  conalderablemente  a  esa  teorfa,  loe  adelantoe  de  la 
ciencia  relacionados  con  la  natoralesa  el^ctrlca  del  aoL  Deepak  de  los  grandes 
acontecimlentoe  dentfficos  que  en  segoida  reTlirtaremos,  los  enemigos  de  la  idea 
que  apoyamos,  se  ban  visto  obligadoe  a  mirar  de  otra  manera  esta  cuestidn, 
dada  la  solidez  creciente  de  las  bases  para  su  posible  prdxlma  comprobaci6n. 

(b)  De  la  relaci6n  magn^tica  entre  el  Sol  y  la  Tierra. 

E}8tA  hoy  complemente  probada  la  relaci6n  magn4tica  entre  el  Sol  y  la 
Tierra.  La  presencia  de  perturbaciones  en  el  Sol  hace  registrar  sensibles 
oscllaciones  en  las  agujas  magnMcas,  auroras  polares,  intermpciones  de  Uneas 
telegrftflcas  y  en  general  verdaderas  tormentas  eldctricas  manifeatadas  bajo 
diversos  aspectos.  A  dfferencla  de  la  (raesti6n  meteoroldgica,  la  reladi^ 
magn^tica  no  admite  ya  dlscusidn,  si  bien  ha  costado  algo  ser  conceblda  pen* 
hombres  ilustres  como  Faye:  que  habitadola  rechazado  por  algdn  tiempo 
la  aprotxS  en  sus  dltimos  afios  obligado  por  la  sorprendente  coincidenda  de  los 
fen6menos  magn^tlcos  con  la  presenda  de  perturbaciones  en  el  Sol. 

Y  como  ese  sablo,  todos  ban  debido  prestar  su  apoyo  a  esta  yerdad  dentffica : 
la  oomunicaci&n  magn^tica  entre  el  8ol  y  la  Tierra.^ 

(c)  De  la  naturaleza  el^ctrlca  del  SoL 

La  idea  de  la  imantaddn  solar  desaparece  con  la  de  la  alta  temperatura  que 
en  aquel  astro  exlste  y  es  atin  incompatible  con  la  de  la  acd6n  sobre  los  otros 
fen6menos  terrestres. 

El  Sol  no  es  un  cuerpo  imanado,  sino  electrlzado  como  lo  est&n  xn&s  o  menos 
todos  los  cuerpos  calientes.  AdemAs  se  ha  observado  sobre  una  esfera  electri- 
sada  que  su  campo  magn^tico  es  an^logo  al  aspecto  de  la  corona  y  penachos 
solares,  cosa  que  mAs  se  asemejarfa  si  se  diese  a  dicha  esfera,  un  ligero  mo- 
vimiento  de  rotaddn.' 

La  espectroscopfa  ha  ayudado  mucho  en  estas  investigftdones.  La  admirable 
teorfa  de  Hale  tuvo  su  conocido  ^xito  en  1906  con  el  descubrimiento  del  fen6- 
meno  de  Zeemann,  en  el  espectro  de  las  manchas. 

Como  se  sabe,  Hale  tuvo  la  idea  de  que  los  torbellinos  producidos  por  los 
gases  solares  que  rodean  las  manchas,  deberian  producir  una  corriente  el4e- 
trica  y  por  lo  tanto  un  campo  magn^tico  producido  por  el  desplazamiento  de 
partfculas  electrizadas. 

Esa  Idea  fu^  confirmada  con  el  descubrimiento  del  desdoblamiento  de  las 
rayas  del  espectro  de  las  manchas,  descubrimiento  que  ha  Uevado  a  la  con- 
clusl6n,  que  en  las  manchas  existen  torbellinos  de  materia  electrizada. 

Otro  gran  acontecimiento  cientlflco  ha  sido  la  confirmaci6n  de  la  teoria 
electromagn^tioa  de  la  luz,* 

En  la  teorfa  de  Maxwell  como  en  la  de  Arrhenius  las  partfculas  electrizadas 
son  despedidas  por  la  expulsion,  ayudada  por  la  presidn  de  radi<icidn,  fuerza  de 

^  "  Bulletin  de  la  Soci^t4  Astronomiqoe  de  France/*  "  L'Espace  cffleste,**  por  Uals, 
2*  edlddn  pAg.  487  y  488."  Toung.  "Le  Soleil/'  pAg.  128.  Cooatet.  "  L' Astronomie  mise 
a  la  portde  de  tons.*'     pAg.  186. 

>  Bosler.  *'  Lea  Id^ea  actoellea  snr  le  SoleiL'*  Bulletin  de  la  8oci4t4  Aatronomlqiie  de 
France,  febrero  de  1014. 

•  Boutarlc.  "  Oscillatlona  et  Vlbrationa,"  pAg.  877.  H.  Polncar^.  "  La  Sdenoa  et 
rHypothtee,  pig.  270. 
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la  luz,  que  saca  de  las  altas  capas  de  la  atm^sfera  solar,  esos  electrones  para 
dlrlgirlos  en  todos  sentidos  y  bajo  dlstintas  cargas  segHn  la  vlolencia  y  magnl- 
tud  de  los  fen6menos  productores. 

AflX  pues  la  corona  y  penachos  que  se  observan  en  los  eclipses  no  serfan  pues 
verdaderos  rayos  cat<3dicos.  La  emisi6n  de  partlculas  electrizadas  negativa- 
mente  que  alcanzarlan  nuestra  atmdsfera  a  las  46  boras  de  su  partida  del 
globo  solar,  explica  la  electrlzaci6n  de  aqu^ia  y  la  iini6n  de  las  electrlcldades 
solar  y  terrestre. 

En  resumen,  s61o  la  naturaleza  de  la  luz  explica  la  trasmisi6n  de  la  elec- 
tricidad  solar  bacia  el  espacio  ya  sea  bajo  ondas  bertzianas,  rayos  cat6dicos, 
eonrientes  de  desplazamiento  que  segdn  Maxwell  deben  como  las  corrientes  de 
inducci6n,  producir  efectos  electromagn6ticos.^ 

(d)  De  la  electricidad  atmosf^rica. 

Desde  luego,  sabemos  que  en  tiempo  normal  y  en  condiclones  generales,  la 
electricidad  terrestre  se  encuentra  esparcida  uniformemente  alrededor  del 
Globo  y  que  su  potenclal  aumenta  con  la  altura  sobre  61.' 

Siendo  el  aire  mal  conductor  puede  su  mayor  o  menor  dilataci6n  o  compresi6n« 
producir  una  diferencia  en  la  carga  el^trica  de  sus  capas,  cosa  que  producirfa 
el  rompimiento  de  equilibrio  de  esa  carga.  Rota  la  neutralidad  electrost&tica, 
se  producen  ya  sean  rayos,  f ulgores  silenciosos,  auroras  polares,  o  simples  sobre- 
cargas  acentuadas.'  Esto  pasa  como  cosa  puramente  atmosf^rica,  es  decir,  con 
los  medios  naturales  de  la  atm6sfera. 

(e)  De  la  forma  como  actiia  la  electricidad  solar  sobre  la  electricidad 
terrestre. 

Esos  fen6menos  se  producirdn  con  m&s  raz6n  por  la  llegada  de  la  electricidad 
solar  a  las  capas  del  aire.  La  sobre-carga  se  manifestar&  enseguida  por  esos 
fen6menos  los  que  tomardn  proporciones  mfis  o  menos  grandes  segiin  las  mag- 
nitudes de  las  cargas  que  lleguen. 

Por  otro  lado,  la  llegada  de  rayos  cat<5dicos,  dard  lugar  a  condensaciones 
generales,  hecho  que  actualmente  se  demuestra  en  los  gabinetes. 

De  las  deducciones  matemdticas  de  Lord  Kelvin  se  puede  ver  que  esos  corpds- 
culos  cargados  el^ctricamente,  pueden  por  mds  pequeflos  que  sean,  formar 
centros  eiectrizados  los  que  darfan  lugar  a  la  condensaci6n  del  vapor  en  que 
actiian. 

Dentro  de  la  teorfa  de  los  iones,  los  negativos  condensan  los  vapores  con 
mayor  facilidad  que  los  positivos  cosa  que  se  aprovecba  para  suponer  que  la 
Uuvia  debe  en  la  mayor  parte,  formarse  en  los  centros  negativos.* 

Siendo  la  electricidad  solar  que  recibimos  de  signo  negativo,  he  aquf  que 
toda  esa  serie  de  fendmenos  se  produzcan  con  mayor  raz6n  al  tener  lugar  la 
llegada  de  los  corptLsculos  eiectrizados. 

(/)  De  la  naturaleza  el^rica  de  los  fen6menos  sfsmicos. 

La  teorfa  de  Rossi  da  por  causa  de  los  movimientos  sfsmicos,  la  existenda  de 
corrientes  electromagn^ticas  en  el  interior  de  la  Tierra,  asf  como  grandes 
cantidades  de  vapor  de  agua.  Explica  esta  hipdtesis,  la  relaci6n  con  los 
fen6menos  atmosf^icos  que  la  mayor  parte  de  las  veces  se  registran,  los  des- 
prendimientos  de  gases  y  los  ruidos  subterrdneos  que  generalmente  les  acorn* 
pafian. 

^  Bovtarlc,  "  Oscillations  et  Vlbratloiis,"  pg.  86S. 

*  Coostet,  "  L'Bl^tric^  Ms  lois  et  sea  appUcatloiis,"  pg.  76. 

'Coostet,  '*  L*A8troDomie  mise  d  la  portee  de  tons,"  pg.  186. 

«  Dicdonario  BnclclopMlco.    Artfcnlo,  "  ion,"  tomo  XXYII.    Nnevo  aptodice. 
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Asf  pnes,  loe  terremotos  serfan  Terdaderas  tempesladcs  sabtorr&neas,  si  bteii 
86  paeden  admitlr  otras  cansaa  como  son  lo«  hmidimientOB,  las  erupcioDes,  etc 

(^)  De  la  posible  relaci6n  que  poeden  i^ardar  IO0  ftodmenos  solares  y  lot 
slsmlcos. 

81  se  admlte  la  teoria  el^ctrlca  de  los  fen^menos  sfsmicos  se  entra  en  con- 
tacto  con  la  idea  de  sn  posible  relad^n  con  las  pertnrbaciones  solares. 

(ft))Nuestra  conclasi6n  respecto  a  las  posibles  reladones  beliometeorol^ca 
7  hellosfsmlca. 

La  tierra  con  sns  envoltnras  de  aire  y  con  sn  interlcw  formado  por  varias 
capas,  no  es  mfls  qne  nn  condensador  el^ctrico  expnesto  a  la  acci6n  dlrecta  de 
nn  poderoso  electroimibi  qne  es  el  Sol. 

Las  cargas  solares,  son  redbldas  pHmero  por  las  altas  r^ones  de  la  atmds- 
fera,  Inego  por  las  capas  Inferlores,  y  despn^  por  la  corteza  terreslre  y  por 
lUtimo  por  el  ntlcleo  central  metAlIca 

Cuando  la  acddn  se  locallza  en  las  primeras  regiones,  los  fen6meno6  pro- 
dncldos  ser&n  fnlgores,  anr(M*as  polares,  f^ndmenos  nno  conx)  el  otro,  silen- 
dosos,  dada  la  rarefacddn  del  aire  en  aquellas  altitudes. 

Estos  hechos  bastan,  desde  Inego,  para  explicar  la  prodncd6n  de  las  tern- 
pestades  el^ctrlcas  en  las  capas  inferiores,  con  sns  consignlentes  faidinenos 
atmosfMcos,  como  son  ddones,  temporales,  llnyias,  granizos,  nieblas,  etc^  qne 
a  sn  vez  explican  por  nna  parte  la  electrlzacidn  de  la  corteza  terrestre. 

La  sobre-carga  el^ctrica  en  el  interior  dd  Qlobo,  prodndrfa  a  sn  tiempo, 
tempestades  subterrdneas  que  serfan  los  temblores  de  tierra  acompafiados  de 
los  truenos  qne  producen  las  chispas  qne  tienen  lugar  entre  las  rocas  de  las 
entrafias  del  Globo. 

Hechos  como  d  que  sucedi6  el  25  de  didembre  de  1884  en  las  estadones  dd 
ferrocarril  de  Granada  prueban  la  relad6n  de  los  terremotos  con  la  electriddad. 
En  ese  dfa  y  antes  del  terremoto  se  uotaron  fuertes  desviadones  de  la  aguja 
Imanada.    (Diccionario  EnciclopMIco,  tomo  XX,  pg.  749.) 

No  son  raras  estas  observadones.  Ademds  la  coincidenda  general  entre  los 
terremotos  y  perturbadones  atmosf^ricas  con  fuertes  manlfestaciones  elMrlcas 
harfa  v^r  por  otra  parte  esa  reladdn. 

De  esta  exposici6n  se  deduce  que  admitlendo  la  existenda  de  la  electriddad 
solar,  su  llegada  a  la  Tierra,  la  teorfa  el4ctrica  de  los  fendmenos  atmosf^cos 
y  lo  mismo  en  los  sfsmicos,  se  podrfa  admitlr,  que  la  existenda  de  regiones 
activas  en  el  Sol  deberfa  producir  con  mayor  fuerza,  toda  esa  serie  de  fend- 
menos  terrestres. 

(i)  Inlciad6n  de  nuestras  observadones. 

Los  aparatos  usados  son :  dos  anteojos  Bardou,  de  objetivo  de  0°>061  de  aber- 
tura;  un  ecuatorial  Bardou,  de  objetivo  de  0»185  de  abertura  con  aparato  de 
relojeria ;  un  ecuatorial  Merz  particularmente  estable,  de  objetivo  de  0»106  de 
abertura. 

Los  dibujos  ban  sido  tomados  por  observaddn  directa.  Adem&s  usamos  el 
m^todo  de  proyeccl6n  para  las  medldas  pr&cticas  de  las  coordenadas  hello- 
grAflcas  de  las  perturbad6nes,  asf  como  los  pasajes  de  ellas  por  el  meridlano 
central  del  astro.  Las  notldas  telegrdficas  ban  sido  sacadas  de  los  prind- 
pales  perlddicos  de  esta  capital,  y  de  Buenos  Aires. 

(/)  Comienzo  y  verificaddn  del  mdximun  de  activldad  solar  de  1914  a  1018. 

El  m&ximun  de  activldad  solar  actual,  puede  darse  como  dedarado,  en  los 
comlenzos  del  alio  1914.  Una  vez  m&s  se  ha  cumplldo  pnes,  el  perfodo  de 
Schwabe. 

Durante  d  alio  1912,  el  Sol  presents  muy  pocas  anomalfas  en  su  fotosfi^ra 
que  dieron  por  terminado  d  perfodo  de  minima  activldad  proximo  pasado. 
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Durante  el  alio  1913  se  observaron  al  principio  algunas  manchas  pequefias  y 
ya  en  Julio  se  pudo  observar  el  primer  grupo  importante  del  afio. 

Llega  el  afio  1914  y  con  su  iniciacion,  comienza  manifiestamente  un  notable 
anmento  de  actividad  solar,  la  que  hasta  hoy  no  ha  cesado  de  crecer  tal  vez 
para  culminar  en  1916,  y  declinar  despu^  de  1917< 

(*;)  Iniciaci^n  al  registro  de  las  coincidencias  entre  los  fen6nienos  solares  y 
los  terrestres. 

En  el  intervalo  comprendido  entre  el  principio  del  afio  1914  y  el  momento 
actual,  pudimos  comprobar  seguidas  coincidencias  de  las  perturbaciones  solares 
oon  fen^menos  meteorol6glcos  y  sismicos. 

Haremos  lo  poslble  por  exponerlos  en  orden  cronol6gico  y  consegulr  la  apro- 
baci6n  general  ya  que  se  trata  de  hechos  de  cuya  realidad  estamos  convencidos. 

I-A  primera  de  notable  importancia,  tuvo  lugar  el  7  de  febrero  de  1914.  Se 
observaron  manchas  del  2  al  7  y  en  este  dfa  se  desencaden6  un  fuerte  aguacero 
acompafiado  de  tormenta  el^ctrlca  general  y  granizo  en  Montevideo. 

Del  14  al  16  de  marzo  se  observaron  perturbaciones  solares  y  el  17  del 
mlsmo  se  desarrolld  en  Montevideo  una  tormenta  el^ctrica  acompafiada  de  un 
foerte  aguacero  y  un  temporal  de  viento  que  alcanz6  una  velocldad  de  20 
metros  por  segundo. 

Entre  el  29  y  el  30  de  marzo  aparecid  al  borde  oriental  del  Sol,  una  mancha 
cuyas  dimensiones  acusaron  que  era  la  mAs  grande  observada  desde  hacfa  tres 
afioB.  £8ta  a  su  vez  se  dividi6  primero  en  dos  y  luego  se  form6  una  perturba- 
ci6n  que  presents  aspectos  varladfsimos  habi^ndose  formado  y  desaparecido  en 
pocas  boras,  manchas  cuyas  magnitudes  aloanzaban  a  miles  de  kil6metros.^ 
Esta  perturbaci6n  pas<)  el  meridiano  central  del  astro  entre  el  5  y  el  6  de  abril. 

He  aquf  algunos  fen6menos  que  coincidieron  con  su  preseucla.  En  el  dfa 
7  se  sintid  un  fuerte  temblor  de  tierra  a  repetlciones,  en  la  ciudnd  de  Tururafin 
(Reptlblica  Argentina). 

Entre  el  1*  y  el  11  de  este  mlsmo  mes  se  sintleron  varies  temblores  en  ese 
pais,  siendo  la  Provincia  de  Santiago  del  Estero,  la  mds  castigada.  En  el  dfa 
16  del  mlsmo,  se  not6  en  Montevideo  la  tormenta  mds  vlolenta  de  las  que  se 
babfan  observado  en  los  liltimos  cuatro  aflos  anterlores  a  1914. 

FUe  notable  por  muchos  conceptos ;  por  su  duracldn,  por  su  procedendo,  por 
la  cantidad  y  duracI6n  de  la  lluvia,  por  el  gran  descenso  barom^trico  y  por  la 
Impetuosidad  del  viento. 

Durante  los  dfas  17,  18,  19,  y  22  del  mismo  mes  se  observaron  pequefias 
manchas  a  la  vez  que  fuertes  cargas  el^tricas,  y  notables  cerrnzones  en  loft 
dfas  20,  23  y  24. 

Entre  los  dfas  24  y  27  se  form<^  un  enorme  grupo  de  manchas'  que  pas5 
por  el  meridiano  central  del  astro  en  el  dfa  27.  Se  pudo  anotar  lo  siguiente: 
en  Montevideo,  del  1*  al  3  de  mayo,  extraordiuarlas  condensaclones,  lluvia 
el  9,  lluvia  el  10,  tormentas  el^ctricas  el  11  y  el  12. 

En  el  dfa  3  se  desencaden^  en  el  Pefi^n  de  la  Gomera  (Espafia)  un  fuerte  tem- 
poral de  agua  y  viento.  Durante  el  temporal  se  sintleron  fuertes  movimientos 
Bfsmicos  habi^ndose  hundido  una  colina  por  esta  causa. 

En  el  dfa  7  tuvieron  lugar  fuertes  sacudimientos  de  tierra  en  la  ciudad  de 
Bellurio  (Italia).  El  8  se  produjo  otro  que  con  los  anterlores  fueron  los  prin- 
cipios  del  gran  terremoto  de  Catania  que  tan  tristemente  puede  recordarse. 

>  Lft  fotogrotfa  (1)  es  la  prodncito  de  lo«  dlbnjos  tornado*  en  loe  dfas,  abril  1*,  y  6, 
d«  la  pertorbacidii  en  eoettldiL 

>  La  fotograffa  3  es  la  reprodaccidn  de  an  dibvjo  que  saoamos  de  ella  el  28  Abril  a  2b 
T.  M.  A. 
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Bn  honor  de  la  yerdad*  annqne  no  se  presuinfa  tan  fuerte  feii6iiieiK>,  el  Seficnr 
Biartfn  Gil  de  Cdrdoba  (RepAblica  Argentina)  habla  pronostlcado  tomando 
base  en  esas  perturbadones  el  intaryalo  d^  6  al  12  como  intipido  a  fen^menoe 
importantes.  Este  annncio  lo  hacia  el  27  de  abrlL  Har»nos  notar  tamblte  que 
nosotros  dlmos  por  extingolda  la  parturbaddn  solar,  entre  el  4  y  d  5  de  mayo. 

Desde  el  9  de  Junio  al  22  del  mismo  obeervamoa  en  el  Sol  lo  siguiente :  nna 
mandia  que  pa86  el  meridlano  central  del  astro  en  el  dfa  11.  En  d  dia 
IB  presentaba  tres  grapos  indqpendientes.  Estos  grupos  se  tranaformaron 
rilpidamente  y  el  16  solo  presentaba  uno  que  en  el  dia  18  eran  dos  grandes 
manchas*  que  pasaron  al  otro  hemisferio  entre  el  21  y  ^  22. 

Ahora,  v^anse  estas  admirables  coincidencia& 

Dfa  14;  dd^n  y  tempwal  en  Mendoza  (Reptlblica  Argentina).  Dfa  15; 
terrible  tempestad  en  Paris,  que  segdn  sus  pobladores  no  se  recordaba  otra 
de  tanta  violenda ;  el  mlsmo  dia  15,  gran  tempestad  en  Montevideo  y  violentoe 
temporales  en  Chile.  En  esos  mismos  dias  Basilea  (Suiza)  fu4  azotada  por 
teraporales  cuyas  descargas  el^dricas  produjeron  hasta  incendios. 

Entre  el  18  y  el  20,  un  terremoto  devastd  varias  islas  en  Nueva  Guinea 
Inglesa;  informes  de  Batavia  refirieron  que  400  fu^  el  nthnero  de  muertos  en 
ese  terremoto,  dato  que  insertamos  para  valorar  m&s  o  menos  la  magnitud  d^ 
fen6meno.  En  el  dfa  21,  se  desencadend  en  Orleans  (Franda)  una  tempestad 
tambl^n  de  mudia  importancta  y  por  tUtimo  el  22  un  furloso  temporal  en 
Venecia. 

Como  dato,  ndtese  que  la  perturbacidn  causante  pas6  el  meridlano  central 
del  astro  en  el  dfa  15. 

En  resumen  fu^  ese  un  intervalo  que  alarm6  a  todo  el  mundo  y  los  efedos 
primordlales  se  hlcleron  sentir  hasta  el  dfa  8  de  Julio  por  diversos  fen6meno8 
en  varfas  partes  del  Globo. 

Desde  el  14  de  agosto  al  26  del  mismo,  observamos  una  mancha  y  sus  trana- 
formaciones,  y  el  18  pudimos  anotar  un  fuerte  temporal  general  en  el  Plata  con 
las  consiguientes  inundaciones  en  la  ciudad  de  Buenos  Aires. 

El  7  de  septiembre  volvi6  a  apurecer  esta  perturbad6n  por  el  borde  oriental ; 
el  9  del  mismo  se  not6  gran  actividad  en  el  yolc&n  Descabezado  en  Mendoza 
(Repdblica  Argentina) ;  el  10,  un  terremoto  destruyd  la  regi6n  de  Caravali 
(Perd) ;  en  los  dias  17  y  18,  furloso  temporal  en  Montevideo  y  el  20,  telegramas 
de  Paris  informaban  que  fuertes  y  seguidas  lluvias,  interrumpfan  las  operadones 
de  guerra. 

Entre  el  dfa  5  y  el  6  de  octubre  aparecieron  por  el  borde  oriental  dd 
Sol,  varias  regiones  faculosas  muy  notables  que  coincidieron  con  un  terremoto 
en  la  Martinica  el  5  y  otro  en  Asia  Menor  entre  el  6  y  7  del  mismo,  y  con  un 
cicl6n  en  Cotrone  (Italia)  el  12. 

Del  5  al  10  de  noviembre  observamos  manchas,  y  el  tiempo  fu4  malo  en 
general  en  el  Globo  habiendo  sido  afortunados  aquellos  observadores  que 
pudieron  observar  el  paso  de  Mercurio  con  la  atm^sfera  en  buen  estado. 

Del  10  al  12  de  diciembre  asf  como  del  18  al  20  del  mismo,  tuvieron  lugar 
otras  coincidencias  aunque  no  de  mucha  importancia.  Llega  el  81  y  termina 
el  afio  con  la  tempestad  m&s  violenta  de  todas  las  observadas  en  su  transcurso. 
En  Montevideo  y  en  general  en  las  regiones  del  Plata,  se  desencaden6  una  furio- 
sa  torments  el^drica  y  grandes  granizadas.  Se  pudo  notar  que  las  truenos  y 
rel&mpagos  fueron  suceditodose  sin  interrupcidn  desde  la  tarde  del  30  a  la 
tarde  del  81. 

«Lft  fotogratfa  8  es  la  reprodacdto  del  mayor  dibajo  Mieftdo  en  el  dfa  18  de  Juno 
a  2  h  T.  M.  A. 
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EBta  tempeetad  fa4  ocasionada  por  la  acddn  de  una  r^6n  activa  solar 
que  observamoB  deede  el  24. 

Del  80  al  31  de  diciembre  aparedd  por  el  borde  oriental  del  astro  una  gran 
pertiirbaci6n  conslstente  en  un  gmpo  de  manchas  rodeadas  por  enormes  f&culas. 
Bncontr6se  sobre  el  merldiano  central  el  6  de  enero  de  1915. 

Considerablemente  transformada  se  presentd  en  ese  dfa  bajo  el  aspecto  de 
dos  grandes  manchas.^  Los  aspectos  presentados  durante  ese  tiempo  demos- 
traron  que  era  una  perturbacidn  nueva  y  que  sus  cambios  no  eran  m&a  que 
las  fases  de  su  formaci6n  que  a  su  vez  fu4  de  las  m&s  vlolentas  de  las 
observadas  dos  aflos  atrds. 

Ahora  bien:  telegramas  de  Europa  informaron  que  violentas  tormentas  se 
desencadenaban  en  el  Yser  entorpeciendo  cast  en  absoluto  las  operaciones  de 
guerra.    Esto  pasaba  del  3  al  6  de  enero. 

La  Reptlbllca  Argentina  era  vfctinia  de  verdaderas  catdstrofes.  En  efecto; 
en  esos  mismos  dfas  se  produjeron  en  las  regiones  del  Sur  de  dlcba  Repdblica 
tremendas  inundaclones  debidas  a  las  Uuvias  cafdas. 

En  ese  mismo  intervalo  de  tiempo,  tuvo  lugar  una  furiosa  tempestad  en  las 
costas  del  Sur  de  Espafia  y  del  Norte  de  Africa. 

Noticias  de  Berlin  informaron  el  7,  que  en  la  region  de  los  Cdrpatos  las 
tempestades  dificultaban  las  operaciones  de  guerra. 

En  ese  mismo  dfa  tuvo  lugar  una  furiosa  granizada  en  la  Argentina  y  lluvias 
generales  en  el  Plata. 

La  tiltima  coincidencia  de  una  importancia  admirable,  hizo  repetir  el  caso 
del  9  de  mayo  del  aflo  1914.  El  13  de  enero  de  1915  Italia  y  el  mundo  entero 
tuvieron  que  lamentar  los  efectos  del  desastroso  terremoto  de  Avezzano. 

Desde  el  24  al  31  de  enero  se  observaron  grandes  fdculas  en  el  Sol ;  el  31  del 
mismo  apareci6  una  mancha  seguida  de  una  enorme  fdcula.  El  3  de  febrero 
se  yi6  otra  mancba.  Otras  aparederon  el  5  y  el  8 ;  el  Sol  presentaba  en  suma, 
cinco  perturbaciones  independientes  cuyas  dltimas  observaciones  se  hicieron 
el  15  de  febrero. 

En  ese  espacio  de  tiempo,  es  decir  del  24  de  enero  al  15  de  febrero,  hubo  una 
serie  de  fen6menos  importantes. 

En  el  departamento  de  Soriano  (Uruguay)  se  desencadend  un  temporal  furioso 
en  el  dfa  25  de  enero. 

Noticias  de  Berlin  decfan,  que  las  operaciones  de  guerra,  en  conjunto  eran 
impedidas  por  los  temporales.  En  Italia  hubo  grandes  tormentas  de  nieve 
devastando  aldeas  entre  el  23  y  el  25  del  mismo  mes. 

En  el  dfa  27  hubo  una  gran  tormenta  en  Montevideo  y  aquf  mismo  otra  mfis 
furiosa  el  14  que  fu6  general  en  el  Plata  y  en  el  Sur  del  Brasil. 

Una  mancha  apareci^  en  el  dfa  20  de  febrero  y  fu^  observada  hasta  el  dfa 
4  de  marzo.  En  ese  tiempo  se  anotd  en  el  Plata  la  temper atura  m&s  elevada 
despu^  de  1900. 

Gayeron  despu^s  grandes  aguaceros  generales  en  el  Plata. 

El  25  hubo  temporales  en  Francia  y  en  Espafia.  Desde  esta  fecha  al  18  de 
marzo  tuvieron  lugar  otras  coincidencias ;  entre  las  mfts  importantes  fu^  la  de 
terremotos  en  varias  localidades  de  Italia  y  al  mismo  tiempo  en  la  Argentina 
entre  los  dfas  16  y  17  de  marzo. 

El  aspecto  de  la  superflcie  solar  estuvo  muy  interesante  en  los  tlltimos  dfas 
de  marzo  y  en  la  primera  semana  de  abril. 

>  La  fotogratla  4  ef  la  TCprodQcdAii  dti  dlbujo  que  ■acamo*  de  esas  manchas  en  el  dfa 
e  de  enero  de  1916  a  d  h  T.  li.  A. 
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Ud  grupo  de  manohas  *  y  de  grandes  fAcnIas  emple6  caai  tree  dlaa  en  ai^areeer 
completamente  y  bmb  efectos  no  se  dejaron  eeperar  mucbo.  En  efecto,  ea  el  d£a 
5  de  abril  se  sintieron  fnertes  temblores  de  tlerra  en  Aveszano  y  el  10  se  anotd 
en  las  regiones  del  Plata,  un  agaacero  con  grandes  manlfestaciones  el^ctiicas. 

Entre  los  dlas  18  y  20  de  abrll  se  form6  una  gran  pertarbaddn  «i  ^  Sol 
que  i>as6  el  merldlano  central  en  el  dfa  22.  El  20  relnaba  en  los  O&rpatos  on 
tlempo  tal  que  Impedfa  la  batalla.  El  21  llovl6  fnrlosamente  en  Montevideo  y 
en  general  en  la  region  del  Rfo  de  la  Plata.  Acompafi6  a  esta  llavla  una  gran 
tormenta  el^ctrlca.    En  ese  mUmo  dfa  bubo  nuevoa  temblores  en  Italia. 

En  el  dia  24  se  observaron  en  el  Plata,  enormes  fulgores  hada  el  S.  B.  y 
rein<^  mal  tlempo  basta  el  27.  El  26  bubo  un  violento  temblor  de  tlerra  en 
Potenza.  El  27  violento  temblor  en  E^mfia.  El  mismo  dfa,  un  horrible  tttn- 
poral  en  Odrdoba  (Espafia) ;  tempestad  en  la  Argentina,  lluviaa  torrenciales 
en  la  Martinica.  Llovi6  fuertemente  en  general  en  la  AmMca  del  Sur;  ^  29 
tuvo  lugar  otro  temblor  en  Italia  y  el  1*  de  mayo  un  furioso  t^nporal  en  el 
Brasil. 

El  19  de  mayo  apareci6  una  perturt)aci6n  por  el  borde  oriental  del  Sol  y  ti 
21  aparecK^  en  ella  una  gran  mancha.  Se  transform6  esta  perturbaci6n  de 
una  manera  notable  y  el  23  se  notaron  nueve  partes  distintas.  Entre  el  2S  y 
el  24  otra  mancha  apareci6  por  el  borde  orientaL  E^te  conjunto  se  observ6 
hflsta  el  4  de  Junio.  Anotdronse  terribles  temporalcs  en  el  Norte  de  E^spalia 
del  21  al  22  de  mayo. 

Gratifies  temporales  eu  Chile  produeienUo  inuudaclones  en  varias  localidades 
«n  el  ilfa  26.  Fuertes  Ihivias  acompafiadas  de  tormenta  el^trlca  en  las  repd- 
blicas  del  Plata  entre  el  29  y  el  30.  En  efios  mlsmos  dfas  hubo  tormentas  en  la 
repri6n  del  Tirol  y  otra  en  Valparaiso. 

Despu^s  de  ese  Intervalo,  se  reglstraron  en  la  Argentina  y  Uruguay  los  frfbe 
mfts  Intensos  de  estos  liltimos  afios  y  horribles  calores  en  Alemania  que  no  se 
observaron  desde  1847. 

Del  12  de  junio  al  24  del  mismo,  se  observaron  ocho  perturbaclones  dif^rentes 
en  el  Sol. 

Roin6  tienipo  tormeutoso  del  20  al  23  en  Austria  e  Italia.  Hubo  temblores 
en  California  on  esos  mlsmos  dfas  y  lluvias  generales  en  las  regiones  drf  Rio 
de  la  Plata. 

Despu^s  de  esa  fecha,  hubo  otras  coincidencias  entre  los  dfas  14  y  21  d« 
Julio.  Entre  las  mAs  Importantes  fueron:  un  temporal  extraordlnarlo  en  el 
Pert!!  y  en  algunas  regiones  de  Espafia  se  reglstr6  una  temperatura  de  46*  a 
la  sombra. 

Las  regiones  nctivas  del  Sol,  causantes  de  esos  fen6menos  desaparecieron  por 
el  borde  occidental  del  astro  en  los  tiltimos  dfas  de  Julio.  En  esos  mlsmos  dfas 
aparecieron  otras  deformaciones  muy  violentas  que  observamos  hasta  el  0  de 
agosto.  En  la  primer  a  semana  de  ese  mes,  el  Sol  presentaba  dos  grandes  per- 
turbaclones.' Observamos  otras  aparecidas  en  los  dfas  9,  10,  15,  17,  18,  19, 
24  y  30.  Se  puede  ver  pues,  que  durante  el  mes  de  agosto  el  Sol  estuvo  en  un 
constante  estado  de  agitaci^n  que  puede  particularizarse.  Desgraciadamente 
en  estas  ^pocas  el  tel^grafo  est4  unicamente  al  serviclo  de  las  noticias  de 
guerra,  causa  por  la  cual  no  nos  fu4  posible  registrar  en  su  mayor  parte,  lot 
acontecimientos  que  admitimos  produddos.  No  obstante  pudimos  enterarnos  de 
los  siguientes  fen6menos.    El  7  se  reglstrd  en  Roma  un  notable  movlmiento 

*■  La  fotograffa  5  es  la  reprodacci6n  de  un  dibujo  de  su  aspecto  qve  sacamoa  en  el  dfa 
80  de  marso  A  22  h.  T.  M.  A. 

•La  fotograffa  6  es  la  reprodiiccl6n  del  dlbujo  que  Bacamos  del  aspecto  de  la  mis 
pr(^xioia  al  borde  oriental  el  dfa  81  de  JnUo  de  1915  a  28  b  T.  H.  A. 
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flfsmico  cuyo  ^icentro  fii6  el  mar  J6nico.  Siguieron  a  46te  otros  sacudimientoa 
en  distintos  dtas  hasta  el  14. 

£1 17,  se  desencadend  en  Ferrara  (Italia)  on  forioso  temporal  de  granizo  el 
qne  en  algonos  pnntos  lleg6  a  cubrlr  el  suelo  en  nna  altora  de  elncuenta  centf- 
metros. 

En  esa  6poca  es  decir  entre  el  17  y  el  18,  en  las  costas  de  Texas  se  desa- 
rrol]6  nn  dcl6n  cnya  ylolencia  fu6  causa  de  la  muerte  de  400  personas.  Otro 
terrible  cicl6n  tuvo  lugar  en  el  Gran  Chaco  Argentine  en  el  dfa  22. 

Nosotros  por  nuestra  parte  fuimos  testigos  de  fnertes  tormentas  eltetricas  y 
de  furioBos  temporales  en  varios  dias  del  mes.  Dede  el  16  al  20,  observamos 
la  repetici6n  de  un  f en6meno  qne  llam6  notablemente  nuestra  atencidn. 

La  atm6sfera  aparecTa  por  la  mafiana  en  estado  relativamente  puro.  Con- 
forme  el  Sol  ascendia,  se  cargaba  de  brumas  extrafias  Uegando  a  eso  de  1  hora 
T.  M.  A,  al  m&zimun. 

En  las  horas  vecinas  al  pasaje  del  Sol  por  el  meridiano,  observamos  en  las 
regiones  del  Norte,  ciertas  radiaciones  que  nos  costaba  trabajo  identiflcar  su 
naturaleza«  Parecfan  yai)orosas  y  se  dlrigfan  en  sentido  divergente  hacia  el  Sur. 
Observamos  este  aspecto  repetidas  veces  y  siempre  en  esas  horas.  Admitimos 
que  nos  encontramos  frente  a  un  fen6meno  de  causa  directamente  el^ctrica. 
Por  otra  parte  nuestra  atm6sfera  estuvo  en  esos  dfas  notablemente  extrafia. 

Al  entrnr  en  septiembre,  nuestro  Sol  sigui6  obsequidndonos  con  regiones 
activas.  El  2  comprobamos  5  diferentes;  el  8  otra  mils.  Gomenz5  este 
mes  con  semejanza  al  de  agosto.    Sefialamos  una  tormenta  el^trica  el  4. 

Desde  ese  dfa  hasta  el  momento  de  escribir  estas  Ifneas,  las  regiones  del 
Plata  estdn  sufriendo  lluvias  generates  habiendo  tenido  4stas  por  comienzos 
extraordinarias  manifestaclones  el^tricas  y  granlzadas. 

Al  mismo  tiempo  tenemos  noticias  de  que  en  varias  localidades  de  Italia  se 
ban  desencadenado  furiosos  temporales  ocasionando  grandes  inundaciones. 

Con  este  fen6meno  conclulmos  esta  revista  de  hechos  que  muy  como  es  de 
suponerse  no  es  completa.  Las  noticias  de  estas  clases  de  fen6menos  no  llegan 
siempre.  Los  diaries  insertan  las  noticias  de  estos  fen6menos  como  cosa 
secundaria,  para  llenar  los  huecos,  si  se  quiere.  Y  como  de  ellos  nos  servimos, 
he  aquf  que  muchas,  pero  muchas  coincidencias  no  ban  side  conocidas  por 
nosotros.  Sentimos  considerablemente  esta  p^rdida,  pero  admitimos  que  otros 
se  habrdn  encargado  de  un  modo  mds  acertado  y  que  podrdn  cooperar  para 
el  triunfo  de  la  teorfa  heliometeoroldgica. 

(0  Del  desarrollo  de  la  acci6n  de  las  perturbaciones  solares  sobre  la  Tierra. 

Para  responder  a  esta  cuesti6n  habrii  que  conocer  en  primer  lugar,  la 
velocidad  del  desarrollo  de  la  accidn  el^ctrica.  Sobre  este  punto,  la  Giencia 
no  tiene  aun  respuesta  definitiva. 

Segdn  sea  la  naturaleza  de  las  vibraciones  que  producen  las  cargas,  se 
podrd  Investigar  el  tiempo  de  su  trayecto. 

Si  se  tratara  de  la  acci6n  directa  de  la  luz,  fen6meno  electromagn^tico,  la 
acci6n  tendrfa  lugar  a  los  8  minutes  y  segundos  despu^s  de  su  expulsidn  de 
la  atmdsfera  solar  y  si  se  trata  de  corpdsculos,  Arrhenius  ha  hallado  un  in- 
tervale de  46  horas. 

Siendo  estas  cuestiones  muy  obscuras  todavia,  nos  limitaremos  a  dar  nuestro 
parecer,  basado  en  los  hechos  que  hemes  podido  comprobar. 

Admitimos  como  intervale  medio,  un  tiempo  comprendldo  entre  0  horas  y 
48  horas  despu^  de  la  partida  del  globe  solar. 

En  cuanto  a  la  ^poca  que  m&s  actde  una  perturbaci6n  sobre  la  Tierra,  puede 
darse  como  el  momento  inicial,  el  momento  de  la  aparicidn  de  la  regi6n  actlva 
por  el  borde  oriental  del  Astro.     A  partir  de  ese  momento,  la  perturbaci6n 
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acttia  dlrectamente  sobre  las  altaa  capaa  de  nneatra  atmdsfera«  Al  prindpio 
ser&n  dalles  cargas,  dada  la  po8ici6n  de  la  regl6n  actlva  cerca  del  borde  d^ 
disco.  A  medida  que  por  la  rotad^n  del  Astro,  se  acerca  hacia  el  meridiano 
central,  su  acci6n  crecer&  en  vlrtiid  de  venir  a  colocarse  cada  ves  m&a  normal- 
mente  a  nnestro  Globo,  si  cabe  la  expre8i6n, 

Una  vez  allf,  sin  duda  algana  se  hallarft  en  el  momento  mds  proplcio  para 
que  sus  cargas  el^ctrlcas  llegnen  con  las  mayores  magnitudes.  Despu^  de  esa 
6poca,  la  perturbad6n  acercdndose  al  borde  occidental,  hard  que  su  acci6n  de- 
crezca  relatlvamente  para  terminar  de  acdonar  cuando  pase  al  hemisferio 
invisible. 

En  ese  espacio  de  tiempo,  es  decir  ^i  los  catorce  dfas  casi  que  permanece 
visible  para  nosotros,  es  pues  cuando  deben  esperarse  sus  efectos  sobre  el  Globa 

La  aparlci6n  por  el  borde  oriental,  es  causa  de  una  sobrecarga  que  a  los 
pocos  dfas  habiendo  tomado  un  potencial  elevado,  puede  bacer  rompar  el  equili- 
brio  de  nuestra  electriddad,  lo  que  se  traduce  al  prindpio  generalmente  por  un 
aumento  de  temperatura  sea  cual  fuere  la  estacidn  local  y  luego  por  los  meteoros 
de  que  hemos  dado  cuenta. 

El  pasaje  por  el  meridiano  central  del  Astro,  es  causa  de  una  sobrecarga 
acelerada  y  por  fin  la  Ida  al  otro  hemisferio  es  causa  de  cese  de  acddn  que  tam- 
bi^n  infiuye  para  romper  el  equilibrio  de  las  cargas  ya  neutral izadas. 

Ahora,  notaremos  que  no  todas  las  perturbadones  que  se  observen,  deben  ser 
tomadas  como  poderosos  motives  de  electrizad6n.  Se  elegird  preferentemente 
las  que  den  prueba  de  vlolencia  notable  ya  sea  en  su  formaddn  o  en  su  ex- 
tind6n. 


THE  CALLENDAR  SUNSHINE  RECORDER  AND  SOME  OF  THE 
WORLD-WIDE  PROBLEMS  TO  WHICH  THIS  INSTRUMENT  CAN 
BE  APPUED. 

By  A.  B.  DOUGLASS, 
Profeisor  of  PhytioM  and  Aitronamy,  Ufi4/ver$Uy  of  Arizona,  Tucwn. 

Since  all  mechanical  energy  has  had  its  origin  in  the  sun  and  has  come  to  us 
in  the  form  of  radiation,  and  since  this  same  radiation  supplies  the  enargy 
which  keeps  our  atmosphere  in  constant  motion,  produces  our  winds,  evaporates 
the  ocean  water  for  our  rains,  gives  us  our  warm  dimate  for  orchard  and  field, 
its  minute  study  and  accurate  record  will  present  ever-increasing  importance. 
Not  only  should  we  be  able  to  gauge  and  measure  the  great  source  of  our  su^dy 
of  energy,  the  sun,  but  we  should  learn  something  of  its  variations,  which 
perhaps  will  give  us  a  far  deeper  insight  into  weather  and  dimatic  variations 
and  assist  in  their  prediction — a  matter  of  the  utmost  value.  Whether,  there- 
fore, it  is  from  an  industrial  or  an  agricultural  point  of  view  that  we  consider 
the  future  prosperity  of  our  nations,  long  continued  records  of  solar  energy  will 
perhaps  in  their  final  use  be  unsurpassed  in  value  by  any  other  form  of  record. 

To  get  results  of  cosmic  value  these  records  should  have  a  wide  distribution 
In  latitude,  and  therefore  the  present  occasion,  invoking  cooperation  between 
the  Republics  of  the  New  World,  whose  Interest  in  sdence  is  recognized  by  all, 
seems  especially  opportune  for  presenting  practical  experience  with  an  instru- 
ment which  will  produce  such  records  and  some  suggestions  of  the  problems  to 
which  such  an  instrument  can  be  applied. 
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THB  PBOBLBM    INVOLVED   IN   THE   PSB8BNT   WOKK. 

The  unusual  excellence  of  the  climate  of  Southern  Arizona,  both  for  astro- 
nomical work  at  night  and  for  solar  work  by  day,  was  Ion}?  ago  recognized  by 
the  writer.  He  also  knew  from  living  in  Mexico  and  on  the  west  coast  of 
South  America  (Arequipa)  the  superb  conditions  prevailing  over  an  immense 
extent  of  the  western  continents.  During  a  long  residence  in  Arizona  he  had 
devised  and  applied  a  plan  for  estimating  some  meteorological  data  from  the 
groNvth  of  trees.  There  seemed  to  be  a  relation,  not  yet  wholly  worked  out, 
between  tree  growth,  some  weather  elements,  and  solar  activity.  It  seemed, 
therefore,  most  desirable  to  institute  In  this  location  and  continue  some  records 
of  solar  activity.  But  there  were  great  restrictions  in  the  matter  of  time  which 
could  be  given  to  such  work.  The  usual  pyrohellometer  method  of  testing  for  the 
transparency  of  the  air  and  the  intensity  of  solar  radiation  requires  at  least 
two  observations  on  the  sun  at  different  altitudes  and  absorbs  at  least  an  hour 
or  two  of  time  per  day.  The  problem,  therefore,  was  to  find  at  minimum  cost 
of  time  and  money  a  method  of  keeping  a  permanent  record,  whose  reduction 
to  tabular  form  could  be  done  in  some  mechanical  way  by  a  clerk  when  subse- 
quent opportunity  offered  and  whose  results  would  have  a  tangible  value. 

PX7BCHA8B   AND   INSTALLATION. 

In  1906  a  fund  of  $10,000  was  given  to  the  University  of  Arizona  by  Dr. 
James  Douglas,  of  New  York  Oity,  the  income  from  which  was  to  be  expended 
for  instruments  of  precision  for  use  In  connection  with  the  School  of  Mines. 
With  the  approval  of  the  late  Dr.  W.  P.  Blake,  who  took  great  interest  in  this 
line  of  investigation,  it  was  decided  to  pui'chase  some  instrument  which  would 
measure  the  energy  of  the  sun,  such  data  seeming  to  be  especially  desirable  in 
an  arid  climate  where  the  sunshine  occupies  a  large  part  of  the  daylight  hours. 
In  1910  the  writer,  traveling  abroad,  was  unable  to  find  Just  the  instrument 
desired.  Apparatus  by  which  occasional  measures  could  be  made  were  avail- 
able, such  as  the  "Angstrom  pyrheliometer,"  and  it  was  thought  possible  that 
this  might  serve  the  purpose,  but  in  order  to  have  the  records  continaous  with- 
out constant  attention  from  some  assistant— conditions  often  involved  in  the 
use  of  research  instruments  at  a  university — it  was  deemed  best  to  get  some 
form  of  recording  mechanism  such  as  the  Gallendar  Sunshine  Receiver  with 
its  recorder.  Acting,  however,  on  the  advice  of  those  who  had  had  experience 
with  the  Oallendar  recorder,  it  was  decided  to  use  a  Leeds  &  Northrup  record- 
ing galvanometer  in  place  of  the  foreign  instrument,  because  all  instruments 
of  this  type  require  minute  attention  and  often  r^airs  which  are  more  readily 
obtained  from  a  near-by  maker.  In  order  to  get  other  advantages  out  of  this 
recording  mechanism,  it  was  decided  to  have  its  power  of  making  a  record 
include  several  different  ranges  of  temperature,  as  well  as  the  sunshine  record, 
and  to  obtain  with  it  a  platinum  resistance  thermometer.  These  extras  added 
to  the  price,  but  have  not  as  yet  been  used. 

The  cost  of  the  Sunshine  receiver  bulb  was  about  $110.  The  cost  of  the 
recorder  without  its  extra  ranges  and  thermometer  was  about  $250.  Unfor- 
tunately, in  transportation  the  bulb  was  broken  and  a  long  delay  ensued  before 
it  could  be  replaced.  It  was,  therefore,  in  the  autumn  of  1913  that  the  bulb  was 
finally  placed  in  its  present  position,  and  the  recorder  set  up  and  the  instrument 
put  in  operation.  Instruments  of  this  kind  should  always  be  carefully  insured 
for  transportation. 
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LOCATION. 

The  University  of  Arizona  is  located  at  Tucson*  Ariz.,  at  an  altitude  of  2,400 
feet  above  the  sea,  in  longitude  6  hours  23  minutes  90  seconds  west  and 
latitude  32  degrees  13  minutes  north.  The  climate  is  arid,  the  average  rainfall 
per  year  being  between  12  and  13  inches.  The  mean  temperature  is  high,  giving 
extremely  warm  summers  and  very  mild  winters,  with  only  rarely  a  trace  ot 
snow.  The  city  is  in  a  large  flat  valley,  or  "bolson,**  30  or  40  miles  across,  and 
mostly  limited  by  mountain  ranges  of  1,000  to  0,000  feet  height  above  the  valley 
bottooL  The  winds  are  slight,  with  very  rarely  a  strong  gale,  which  l>lows 
up  the  dust  from  the  river  bottom,  about  a  mile  distant 

The  sensitive  bulb  is  located  on  the  top  of  the  science  building,  about  55  feet 
from  the  ground.  It  is  surrounded  by  a  box  whose  open  top  is  horizontal  and 
exactly  in  line  with  the  horizontal  sensitive  wires  within  the  bulb.  The  sides 
of  this  box  are  about  10  inches  away  from  the  bulb.  The  purpose  of  this  box 
is  to  make  the  background  below  the  bulb  as  homogenous  as  possible  under  all 
conditions.  It  is  realized  that  some  radiation  will  reach  the  wires  from  below 
their  surface.  If  this  radiation  comes  from  the  ground  it  may  be  changed  by 
vegetation,  hence  the  uniminted  wooden  box  has  remained  to  supply  this  con- 
stant background  since  the  instrument  was  mounted.  If  one  sights  across  the 
edge  of  this  box  and  the  sensitive  wires  it  is  readily  seen  that  all  our  horizon 
of  mountains  rises  slightly  above  the  true  horizon  of  the  Sunshine  receiver. 

The  three  wires  from  the  bulb  are  carried  through  a  lead  pipe,  then  soldered 
to  long  wires  that  reach  downstairs,  which  are  carried  first  in  a  fiber  tube  and 
then  in  an  iron  pipe.  Through  a  part  of  the  tube  an  electric-light  wire,  carry- 
ing 110  volts,  passes.  However,  tests  of  currents  running  through  this  wire 
have  failed  to  produce  any  effect  whatever  upon  the  recorder,  and  as  this  wire 
Is  only  rarely  used  It  is  not  considered  to  interfere  with  the  operation  of  the 
mechanism.  The  recorder  itself  is  placed  in  the  basement,  in  a  room  on  the 
south  side,  but  as  far  from  the  window  as  possible,  and  by  thermograph  records 
its  temperature  change  has  been  found  to  be  very  slight  indeed. 

CHABACTKB    AND   OPERATION    OF    INSTBUIOENT. 

The  Oallendar  sunshine  receiver  consists  of  a  glass  bulb,  4  inches  in  diam- 
eter, with  a  vacuum  inside.  The  top  part  is  hemispherical  and  the  lower  part 
is  an  inverted  cone.  At  the  base  of  the  hemisphere  are  four  horizontal  grids  or 
squares  of  platinum  wire,  each  1  inch  square,  two  of  them  at  <^posite  comers 
being  covered  with  white  transparent  varnish  and  the  otlier  two  being  covered 
with  black  varnish.  The  black  varnish  absorbs  more  heat  from  the  sun  than  the 
white,  and  its  temperature  rises  more  than  does  the  other.  A  neutral  whre 
comes  up  from  the  recorder  and  is  attached  to  both  black  and  white  wires. 
Two  wires  return  down  to  the  recorder — one  from  the  black  and  the  other  from 
the  white  platinum  wires.  These  are  so  Joined  at  the  recorder  that  the  two 
sets,  one  of  white  wire  and  the  other  of  black  wire,  form  two  branches  of  a 
Wheatstone  bridge.  When  their  temperatures  are  the  same  their  resistances 
are  the  same.  The  radiant  energy  from  the  sun  passes  through  and  warms 
both  wires ;  the  blackened  wire,  however,  absorbs  more  heat  and  rises  more  ia 
temperature  and  disturbs  the  equilibrium  of  the  bridge.  This  throws  the 
galvanometer  out  of  center.  The  galvanometer  pointer  is  an  aluminum  needle^ 
2  inches  long,  extending  out  beneath  two  Jaws,  which  close  upon  it  at  regular 
intervals  of  about  four  seconds.  These  two  Jaws,  one  on  the  right  and  one 
on  the  left  have  a  slight  space  between  them,  so  that  if  the  pointer  is  In  the 
-exact  center  the  Jaws  are  not  affected.    If,  however,  the  pointer  is  to  one  side 
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of  the  center,  one  or  the  other  of  thetfe  jaws  is  pushed  out  of  place,  and,  by 
means  of  a  system  of  levers,  its  displacement  is  communicated  to  a  drum  which 
carries  the  other  two  branches  of  the  Wheatstone  bridge  and  causes  this  drum 
to  revolve  in  a  direction  which  tends  to  restore  the  balance  of  the  bridge.  The 
motive  power  which  keeps  the  Jaws  in  motion  and  which  moves  the  drum  is 
supplied  by  a  motor  running  on  the  lighting  circuit.  At  the  same  time  as 
doing  these  operations  the  motor  moves  the  pen  across  the  recording  sheet,  so 
that  the  position  of  the  pen  indicates  the  compensation  resistance  that  has 
been  placed  in  the  two  branches  of  the  bridge  in  the  recorder  in  order  to  equalize 
change  of  resistance  in  the  grids  of  the  receiving  bulb  upon  the  roof.  The 
motion  of  the  pen  is  proportional  to  differential  temperatures  in  the  receiver 
and  may  be  perfectly  calibrated. 

DIFFICULTIES    IN    MANIPULATION. 

Any  recording  galvanometer  which  automatically  restores  the  balance  of  the 
Wheatstone  bridge  must  necessarily  be  a  complicated  instrument  and  require 
considerable  attention,  especially  when  the  variations  in  currents  dealt  with 
are  as  extremely  small  as  in  the  pre^nt  case.  Add  to  that  the  fact  that  the 
instrument  is  working  in  a  very  dry  climate,  where  all  celluloid  and  hard 
rubber  materials  are  liable  to  change  shape  through  seasoning,  and  one  is 
therefore  not  surprised  that  the  first  dlfilculty  was  sufficient  change  in  shape  of 
the  drum  carrying  the  resistance  wires  to  throw  the  contact  off  the  wire,  nor 
that  the  second  difficulty  was  the  drying  of  ink  at  the  point  of  the  pen  and 
stopping  the  record.  An  instrument  of  this  sort  should  be  supplied  with  a  large 
ink  reservoir,  so  that  the  pen  will  not  require  attention  oftener  than  once  a 
week.  If  tlie  point  is  very  small,  so  as  to  save  the  Ink,  It  readily  dries.  This, 
therefore,  Is  a  feature  which  may  need  further  experimentation.  It  was  found 
that  the  holes  along  the  margin  of  the  record  sheet  did  not  always  fit  the 
pins  at  the  end  of  the  drum  upon  which  the  record  sheet  turns,  and  this  was 
considered  sometimes  to  be  due  to  the  drying  out  of  the  paper  itself.  Our  cur- 
rent was  found  to  be  variable,  probably  unusually  so,  and  on  a  few  occasions  it 
rose  high  enough  to  break  the  centrifugal  governor  which  controls  the  speed  of 
the  machine,  and  even  twice  broke  the  suspension  of  the  galvanometer.  That, 
however,  is  a  local  condition  which  probably  would  not  exist  in  a  large  city. 
It  was  not  considered  worth  while  to  get  a  set  of  storage  batteries  to  run  this 
machine,  because  they  would  require  so  much  extra  attention  and  responsibility 
on  their  own  account.  Trouble  was  found  in  the  wearing  of  the  contact  on 
the  centrifugal  governor,  but  this,  so  the  makers  assert,  will  be  corrected  in 
later  models  of  the  recorders,  and  it  is  probable  that  then  one  platinum  point 
will  outlast  five  or  six  in  the  present  experience. 

A  more  troublesome  deterioration  was  the  wearing  of  the  motor.  It  Is  a 
very  great  tax  on  any  motor  to  run  continuously  night  and  day.  Even  with 
considerable  care  in  oiling,  the  motor  was  made  to  last  a  little  less  than  two 
years,  but  for  at  least  six  months  of  that  time  it  would  have  been  better 
economy  to  purchase  a  new  motor.  Ck)iislderlng  that  the  minimum  time  during 
which  records  of  this  kind  should  be  obtained  in  any  one  locality  is  in  the 
neighborhood  of  12  years,  so  as  to  cover  the  possible  variations  of  the  sun-spot 
period,  it  would  seem  advisable  at  the  outset  to  provide  a  mechanism  with  a 
large  outside  driving  gear  and  a  good  pendulum  regulator,  and  an  automatic 
winding  arrangement  with  large  parts  to  the  driving  mechanism,  which  would 
not  be  likely  to  wear  out  from  time  to  time  and  would  be  easier  to  get  at  for 
oiling  and  other  purposes.  Measures  were  made  of  the  actual  amount  of 
power  involved  In  turning  this  mechanism,  in  oriler  to  see  how  great  an  out- 
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Bide  driving  weight  would  be  necessary.  These  tests  were  made  of  the  maxi- 
mum  resistance  that  was  introduced  in  large  and  rapid  adjustm^its  of  the 
pen,  and  then  this  power  was  tripled.  The  final  result  was  found  to  be  only 
?00  foot-pounds  per  hour,  or  somewhat  under  30  kilogram  meters  per  hour. 

Unexpected  difficulty  was  encountered  when  the  Instrument  was  left  in  the 
hands  of  an  assistant  to  be  looked  after  for  a  few  weeks.  In  putting  on  a 
dry  cell  to  supply  the  current  that  goes  through  tlie  receiving  bulb  the  poles 
were  reversed,  and  no  amount  of  investigation  by  the  assistants  and  by  others 
called  in  at  the  time  was  able  to  find  the  difficulty,  and  some  considerable  time 
was  lost  Other  defects  also  deserve  attention,  namely,  reflections  of  sunlight 
within  the  glass  globe  of  the  receiver  and  a  possible  effect  due  to  orientation 
of  the  resistance  wires  within  the  receiver,  making  the  daily  record  non- 
symmetrical. Both  of  these  features  have  been  noted  by  Mr.  E.  R.  Miller,  of 
Madison,  Wis.,  and  published  by  him.  ("Internal  reflection  as  a  source  of 
error  in  the  Callendar  bolometrlc  sunshine  receiver.  Monthly  Weather  Re- 
view, 43,  264,  June,  1915.) 

TIKS    SIGNALS. 

During  the  long  experience  with  this  instrument  the  motor  was  found  to 
run  at  irregular  speeds  when  the  current  was  variable  or  when  the  lubrication 
was  imperfect,  or,  as  in  one  case,  when  the  spiral  spring  of  the  governor 
caught  itself  slightly,  thus  changing  its  tension.  Furthermore,  when  an 
accident  happened  to  the  governor,  or  for  any  reason  the  current  stopped,  the 
time  of  this  accident  was  sometimes  hard  to  determine.  The  writer,  there- 
fore, added  connections  to  a  large  clock  in  an  adjoining  room.  These  con- 
necting wires  short-circuited,  one  of  them  the  black  wires  on  the  roof  and 
the  others  the  white  wires  on  the  roof,  through  resistance  of  about  2,000  ohms, 
on  the  even  hour  and  the  even  half  hour  of  the  clock.  The  result  of  this  was 
to  displace  the  pen  strongly  for  a  few  seconds  upward  on  the  even  hour  and 
downward  on  the  even  half  hour.  This  method  of  introducing  time  signals 
gave  a  very  satisfactory  check  upon  the  rate  of  the  governor,  but  another 
effect  of  it  was  found  to  be  of  even  greater  importance  than  that,  namely,  in 
establishing  a  continuous  record  of  the  sensitiveness  of  the  instrument  It 
was  found  that  when  the  battery  gets  weak  the  recorder  will  not  adapt  itself 
to  change  of  resistances  as  completely  and  as  rapidly  as  before.  A  slight 
bending  of  the  galvanometer  pointer  or  a  slight  wearing  of  some  of  the  eccen- 
trics which  move  the  Jaws,  above  referred  to,  reduce  the  sensitiveness  of  the 
instrument  also.  Since  these  two  time  displacements  act  in  opposite  directions, 
the  effort  of  the  instrument  to  return  to  a  center  between  them  shows  exactly 
how  close  to  its  true  position  the  instrument  can  move  the  pen,  which  gives 
at  once  the  accuracy  of  the  record  and  the  correction  to  the  true  place  of 
the  pen. 

When  this  sensitiveness  is  not  known  it  is  evident  that  the  noon  dl^lace- 
ment  of  the  pen  may  not  be  as  high  as  it  should  be,  and  the  pen  may  not  rise 
in  the  morning  or  descend  in  the  afternoon  as  soon  as  it  should.  There  may 
be,  therefore,  at  midday  a  lessening  of  the  recorded  amount  of  insolation  and 
a  slight  displacement  of  the  maximimi  toward  a  postmeridian  position;  but 
with  this  method  of  showing  the  sensitiveness  the  curve  throughout  the  day 
may  be  traced  with  great  accuracy. 

STANDARDIZING  OB  CAIIBRATION  OF  CUBVES. 

For  the  purpose  of  standardizing  the  results  obtained  on  the  record  sheets 
and  for  calibrating  the  different  parts  of  the  record,  a  Smithsonian  silver  disk 
pyrheliometer,  standardized  at  the  Smithsonian  Astrophysical  Observatory,  was 
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purchased ;  It  Is  No.  16  on  their  list  (See  Smithsonian  Pyrheliometry  Revised ; 
Smiths.  Misc.  Ck>ll.  60  No.  18,  1918.)  Occasional  observations  with  this  instm- 
ment  with  the  sun  at  high  and  low  elevation  serve  to  give  a  definite  value  to 
the  curves  obtained.  In  addition  to  this  all  resistences  have  been  carefully 
measured  at  a  known  temperature  and  the  bulb  on  the  roof  is  watched  with 
reference  to  any  change  in  its  external  conditions. 

ADMmiSTBATIVE  CONDmONS. 

The  institution  In  which  this  recorder  has  been  maintained  is  not  a  research 
institution,  but  an  educational  one.  There  is,  therefore,  no  time  for  an  assistant 
to  examine  and  experiment  with  mechanism  of  this  sort.  The  work  of  tlie  in- 
strument must  be  almost  altogether  automatic  and  require  a  minimum  amount 
of  attention.  It  is  estimated  that  the  expense  of  reductions  will  not  take  much 
time  of  a  clerk,  especially  if  it  is  found  that  the  rate  of  the  clockwork  of  the 
mechanism  has  remained  constant  Nearly  every  university  has  some  one  who 
Is  taking  meteorological  records — usually  one-half  hour  of  his  time  per  day,  or, 
if  the  suggestions  given  herewith  are  followed  out,  perhaps  one-half  hour 
per  week  would  be  sufficient  to  keep  the  machine  running. 

BECOMMENDATIONS. 

This  recording  machine  was  designed  by  the  makers  for  scientific  work  when 
accurate  high  temperature  records  for  short  intervals  were  needed,  and  for  In- 
dustrial purpose  in  which  there  would  be  from  time  to  time  an  opportunity 
for  repairs.  In  the  present  case  we  are  adapting  it  to  continuous  running  night 
and  day  for  12  years  at  least  To  get  the  best  results  we  would  be  guided  by 
the  following  recommendations  in  making  another  purchase : 

1.  Dispense  with  the  motor  and  use  an  outside  heavy  driving  gear,  with 
automatic  winding,  regulated  by  a  pendulum  clock  whose  error  may  be  noted. 
The  accurate  rate  of  the  instrument  is  not  so  important  for  industrial  purposes, 
but  for  meteorological  purposes  will  vastly  reduce  the  labor  of  reducing  the 
records. 

2.  Introduce  the  time  signals  as  above  described  in  order  to  give  the  sensi- 
tiveness of  the  instrument. 

8.  Arrange,  if  possible,  for  a  large  reservoir  pen  and  also  for  a  holder  for 
the  pen  in  which  the  height  of  the  ink  may  be  seen  at  any  time.  Several  extra 
pens  should  always  be  on  hand. 

4.  If  the  paper  has  a  tendency  to  cling  to  the  drum,  thus  twisting  sideways 
and  lifting  the  pen  off  the  paper,  place  a  sheet  of  paper  about  the  drum  so 
as  to  raise  the  record  sheet  slightly. 

5.  If  the  motor  and  governor  supplied  with  the  recorder  are  used,  it  is 
advisable  to  keep  an  extra  motor  on  hand,  purchasing  it  at  or  near  tlie  outset 
With  this  motor  should  be  an  extra  worm  gear  also  and  extra  contacts. 

6.  If  lighting  circuit  is  not  available,  storage  batteries  may  be  used  to  run 
the  motor  or  a  heavy  weight  could  be  arranged  to  be  wound  daily  for  running 
the  mechanism. 

7.  The  dry  cell  or  storage  cell,  which  sends  a  current  through  the  receiver 
wires,  should  be  attached  to  posts  so  labeled  that  no  one  will  reverse  the  poles. 

8.  The  pen  can  be  filled,  daily  memoranda  made,  sheets  changed,  and  work  of 
that  character  done  by  an  assistant  or  clerk,  but  there  should  be  at  hand  some- 
one skilled  in  electrical  instruments  for  the  detection  of  occasional  difficulties. 
This  makes  the  instrument  especially  well  adapted  for  emplacement  at  edu- 
cational institutions  or  in  government  central  research  stations  such  as  weather 
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bureaus.  At  the  former,  however,  the  summer  vacation  may  offer  a  difficulty. 
The  assistant's  work  can  be  obtained  but  the  expert  may  not  be  there  This, 
however,  can  usually  be  anticipated  in  some  way. 

9.  Besides  the  additional  parts  to  the  records  do  not  omit  a  standardized 
pyrheliometer  for  correcting  the  results. 

SIGNIFICANCE    OF    CXHIVKS    OBTAINED. 

The  curves  obtained  in  this  instrument  give  the  amount  of  energy  received 
on  a  horizontal  surface  of  unit  area  in  unit  time.  The  character  of  the  energy 
received  is  that  absorbed  by  a  black  body  in  the  form  of  heat.  The  instrument 
does  not  differentiate  between  the  energy  in  different  colors,  and  therefore  If  it 
is  standardized  in  one  condition  of  the  atmosphere,  in  some  oth^  condition  a 
slight  error  might  be  introduced  due  to  the  varying  energies  in  different  parts 
of  the.  flpectrum.  Nor  does  this  instrument  give  any  measure  of  the  actinic 
energy  of  the  sun  or  the  specialized  form  of  energy  which  causes  physiological 
changes  in  plants.  The  writer  has  outlined  but  not  yet  put  into  operation  a 
photographic  method  of  keeping  continuous  record  of  the  actinic  energy  re- 
ceived on  a  flat  surface.  Dr.  H.  A.  Spoehr,  of  the  Desert  Botanical  Laboratory, 
Tucson,  uses  for  his  tests  on  the  chemical  energies  of  the  sun's  rays  a  mixture 
of  oxalic  acid  and  uranium  acetate.  After  a  certain  number  of  hours'  exposure 
the  amount  of  unchanged  oxalic  acid  may  be  measured.  He  is  planning,  how- 
ever, to  supersede  this  method  by  an  improved  process. 

BECOBDS   OBTAINED   AT   TUCSON. 

Ck>ntinuous  records  began  on  October  6,  1918,  and  have  continued  to  the 
present  time  with  the  exertions  noted  below.  In  Decanber,  1913,  the  motor 
needed  repairs  and  was  taken  off  for  some  time.  Every  day  except  one,  how- 
ever, the  instrument  was  turned  by  hand,  so  that  some  records  were  obtained. 
In  the  summer  of  1915,  during  the  absence  of  the  writer,  the  instrument  was 
left  in  charge  of  an  assistant,  who,  on  leaving,  placed  it  in  charge  of  anoth^. 
In  this  way  70  days  were  totally  lost  Only  three  others  have  beai  lost  out  of 
the  total  of  756  from  October  6,  1913,  to  October  31,  1915.  Of  the  683  days  on 
which  some  records  were  obtained,  490  complete  records  have  been  obtained,  or 
72  per  cent;  161  partly  defective  records,  or  24  per  cent;  32  days  with  only 
isolated  settings  by  hand,  or  less  than  5  per  cent  During  the  same  interval 
327  days  have  been  noted  as  clear  or  very  nearly  so,  or  48  per  cent;  300  half 
cloudy,  or  44  per  cent ;  and  only  55  wholly  cloudy  or  nearly  so,  or  8  per  cent 
Out  of  the  683  records  it  is  estimated  that  420,  or  61.5  per  cent,  are  likely  to 
be  available  for  determining  the  transparency  of  the  air  and  therefore  the 
approximate  solar  radiation.  In  considering  this  r^)ort  it  should  be  remem- 
bered that  this  use  of  the  instrument  is  comparatively  new,  that  no  funds  have 
been  paid  for  the  labor  of  keying  the  instrument  running,  and  that  with  the 
suggestions  made  above  there  is  no  necessity  for  any  important  loss  of  time. 

PBOBUCMS   FOB  WHICH  THE  BBOOBDS   MAY  BE  USED. 

1.  Industrial  purposes, — ^The  dally  curve  may  be  read  off  in  horsepow^,  per 
square  yard  or  per  square  meter,  per  eight-hour  day,  which  reaches  a  horizontal 
surface.  This  in  turn  may  be  interpreted  in  units  of  heat  for  running  a  motot 
or  engine  of  any  kind.  It  is  true  that  this  application  looks  far  into  the  future, 
for  at  present  no  motor  or  engine  using  solar  energy  directly  is  in  completely 
successful  operation,  but  when  genius  or  necessity  gives  us  some  method  of 
conserving  solar  energy  these  solar  records  will  have  as  great  value  as  the 
records  of  flow  of  water  in  streams  designed  for  water  power.  In  order  to 
give  an  idea  of  the  enormous  amounts  of  aiergy  which  are  being  received  from 
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tbe  son,  it  Is  only  necessary  to  quote  a  brief  calculation  in  regard  to  the  five 
square  miles  covering  tlie  city  of  Tucson.  Tlie  amount  of  energy  received  on 
tbis  area  on  tlie  average  of  an  eight-hour  day  is  so  great  that  if  it  could  be 
turned  into  electricity  without  loss  and  sold  at  the  rate  which  we  pay  for  elec- 
tricity in  our  electric  lights  it  would  bring  more  than  $1,000,000  per  day. 

Many  attempts  have  been  made  to  make  solar  engines,  of  which  the  two  most 
noteworthy  are  the  movable  and  stationary  mirror  type.  The  movable  mirror 
Is  usually  made  in  the  form  of  a  paraboloid  with  the  boiler  in  the  center.  This 
paraboloid  is  mounted  on  a  equatorial  axis  which  keeps  the  mirror  facing  the 
sun.  Machines  of  this  type  have  not  been  commercially  successful  because  they 
require  too  much  expert  attention  and  are  injured  by  the  wind.  The  other 
form  is  stationary  and  consists  usually  of  flat,  shallow  boilers  arranged  in  tiers 
so  that  the  hot  water  of  one  goes  into  another  where  the  water  is  still  hotter. 
This  has  been  put  in  fairly  successful  operation  by  a  Philadelphia  company. 
It  should  be  said  also  that  solar  heaters  (manufactured  by  a  Los  Angeles 
company)  are  successfully  used  here  in  the  Southwest  where  the  hours  of 
sunshine  are  very  great  •  Reference  should  be  made  in  this  connection  to  the 
solar  heater  and  cooker  that  is  being  constructed  by  Prof.  0.  G.  Abbott,  of  the 
Smithsonian  Astrophysical  Observatory,  at  his  house  on  Mount  Wilson,  GaL 
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loMdttlQB  tfeot  on  a  horixoDUl  turteoe  fordifler«nt  pflreontageof  air  traosmiMfcm,a8  shown  in  Bbape 
of  record  eiiiT«  above,  noon  hdchts  of  all  corves  being  made  eqnaL 

2.  Solar  radiation  and  plant  life. — ^The  number  of  heat  units  received  on 
a  flat  surface  is  being  investigated  at  the  Desert  Lalwratory,  Tucson.  This 
work  is  being  done  by  Dr.  Spoehr,  already  mentioned  in  connection  with  his 
studies  of  the  value  of  chemical  energy.  The  actual  number  of  energy  units 
as  derived  from  our  records  will  be  used  by  him  in  comparison  with  the  develop- 
ment of  plants. 

3.  Light  of  the  «iby.— The  sunshine  receiver  here  described,  having  a  flat  sur- 
fiice  extending  horizontally,  receives  heat  not  only  from  the  sun  itself  but 
from  all  the  sky.  No  systematic  attempt  has  here  been  made  to  difTerentiate 
between  the  two.  For  noost  agricultural  purposes  there  is  perhaps  no  need  of 
differentiating  between  thenL  But  in  order  to  get  the  transmission  of  the 
atmosphere  and  estimates  of  the  solar  constant  the  actual  energy  received  from 
the  sky  as  i^Mirt  from  the  son  should  be  known.  Occasional  tests  of  this  have 
been  made  in  a  crude  manner  by  using  a  scre^i  on  the  end  of  a  pole  and 
shading  the  receiver  from  the  sun.  In  every  case  the  amount  coming  from  the 
sky  has  proved  very  small  and  probably  negligible.  The  great  difference  be- 
tween the  sun  and  the  sky  also  is  seen  by  us  constantly  on  the  records  at  the 
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time  of  rising  and  setting  of  the  sun.  There  is  practically  no  difference  in  the 
curve  at  any  time  between  night  and  the  few  minutes  before  the  sun  begins  to 
rise,  but  as  the  sun*s  disk  passes  above  the  mountain  top  the  pen  of  the  records 
Immediately  rises  and  the  day's  record  begins.  It  seems,  therefore,  that  the 
amount  of  energy  received  from  the  sky,  while  deserving  to  be  considered, 
practically  has  a  very  slight  effect  upon  these  curves. 

4.  Atmospheric  tran«fiii<«ion.^Atmo6pheric  transmission  is  usually  measured 
by  some  form  of  disk  pyrlieliometer  with  observations  taken  upon  the  sun 
at  two  different  altitudes.  It  is  beiieved  that  the  sunshine  curves  obtained 
here  in  an  arid  climate  are  good  enough  to  indicate  the  transmission  of  the 
atmosphere  in  a  large  percentage  of  days.  Of  course,  the  accuracy  of  such 
test  will  not  be  as  great  as  with  the  regular  pyrheliometer,  but  yet  it  is 
thought  that  the  curve  should  do  considerably  better  than  within  5  per  cent 
In  order  to  answer  the  question  whether  the  curves  are  capable  of  doing  this, 
a  calculation  was  made  of  the  relative  amounts  of  insolation  received  from 
the  sun  while  passing  over  the  prime  vertical  for  100,  80,  and  60  per  cent  trans- 
mission.   This  was  done  by  the  following  formula : 

I=Bo  a*"*  Cos  z 
in  which  I  is  the  desired  insolation;  E3o  the  solar  constant  taken  as  unity  (in 
plotting  these  curves) ;  (a)  is  the  transmission ;  (m)  is  the  air  mass,  the  vertical 
being  taken  as  unity ;  and  (z)  is  zenith  distance.  If  Eo  were  constant,  then  (a) 
would  be  read  off  at  once  in  height  of  the  curve  at  noon.  Probably  tot  many 
purposes  this  would  be  sufficiently  accurate,  but  in  order  to  allow  the  subse- 
quent determination  of  the  value  of  Eo  we  must  get  an  idea  of  a  from  the 
shape  of  the  curve  alone,  as  is  usual  in  pyrheliometer  observations.  So  a"^  in 
the  formula  brings  the  noon  height  of  each  curve  to  the  same  point  in  the 
plot,  and  the  shape  of  the  curve  alone  is  left  from  which  to  judge  (a).  The 
curves  so  plotted  are  shown  in  the  accompanying  figure,  In  which  absdsss 
are  the  hours  from  zero  to  6  as  the  sun  rises  from  the  eastern  horizon  to  the 
zenith.  The  ordinates  are  proportional  to  the  effect  upon  the  horizontal  sur- 
face with  different  percentages  of  transmission  of  the  atmosphere.  It  is  evi- 
dent from  a  comparison  of  these  curves  that  their  maximum  difference  occurs 
at  low  elevations  of  the  sun  and  that  clear  weather  at  such  times  of  day  will 
be  important  for  the  determination  of  transmission.  In  order  to  see  whether 
variations  of  this  magnitude  in  the  curves  already  obtained  here  are  available 
for  determination  of  this  transmission,  the  curve  obtained  here  at  the  equinox 
shows  by  measurement  a  length  of  over  25  cm.  for  the  hours  from  zero  to  6. 
The  elevation  of  the  curve  at  noon  Ls  from  10  to  12  cm.  At  that  time  of  the 
year  the  sun  is  82^  from  the  zenith  at  noon.  It  seems  probable,  therefore,  that 
on  this  scale  a  fairly  reliable  transmission  of  the  atmosphere  will  be  obtained 
within  5  per  cent  or  even  less  on  a  large  number  of  days.  Such  records  of 
atmospheric  transmission  if  obtained  constantly  would  form  an  interesting 
and  valuable  addition  to  the  record  of  common  meteorological  elements. 

5.  Solar  constant, — If  the  air  transmission  can  be  obtained  firom  the  pyrhelio- 
meter curves  here  considered  within  5  per  cent  or  less,  then  the  solar  constant 
can  be  determined  with  the  same  accuracy,  and  we  shall  have  a  check  upon 
the  constancy  of  our  fundamental  source  of  energy.  During  the  last  few  years 
the  work  of  O.  O.  Abbott  and  his  colleagues  at  the  Smithsonian  Astrophysical 
Laboratory  and  others,  has  shown  that  the  sun  is  not  perfectly  constant  in  the 
amount  of  heat  transmitted  to  the  earth.  Changes  often  as  great  as  10  per  cent 
have  been  found  to  occur  within  short  periods  of  time.  Variations  of  that  pro- 
portionate value,  and  even  variations  of  less  than  that,  should  be  obtained  or 
at  least  their  occurrence  should  be  checked  by  the  recording  mechanism  here 
described. 
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For  every  meteorological  purpose  a  knowledge  of  the  solar  constant  would  ap- 
pear to  be  of  the  utmost  value.  In  the  variations  of  the  sun  will  possibly  be 
found  some  of  the  causes  of  weather  change.  To  be  sure,  we  need  to  learn  the 
cause  of  solar  variations,  and  many  investigators  are  at  work  upon  this  problem, 
and  of  course  we  need  to  know  why  and  how  changes  of  insolation  can  produce 
unlike  effects  in  different  parts  of  the  earth ;  but  if  we  can  securely  forge  one 
link  in  the  chain  of  causes — namely,  the  physical  relation  between  variation 
in  the  sun  and  climatic  variations  of  the  earth — ^we  shall  have  done  a  work  for- 
ever valuable  for  agricultural,  industrial,  and  scientific  purposes. 

PRESENT  OPPOBTUNITY. 

The  cooperation  of  the  western  nations  whose  representatives  are  here  gath- 
ered together  gives  a  great  opportunity  for  mutual  help  along  scientific  lines. 
In  the  present  fundamental  study  of  the  heat  received  by  the  earth  from  the 
sun  this  cooperation  offers  a  remarkable  chance  for  finding  the  distribution  of 
that  insolation  in  latitude  by  the  establishment  of  a  number  of  recording  sta- 
tions throughout  the  immense  extent  of  the  Americas.  By  means  of  these  sta- 
tions also  we  would  be  able  to  trace  the  progress  of  heat  distribution  through 
the  agency  of  our  own  atmosphere,  and  to  understand  the  effect  of  mountain 
ranges  or  great  changes  in  latitude,  and  by  the  combined  results  from  a  num- 
ber of  stations,  properly  distributed,  a  very  accurate  idea  could  be  obtained  of 
the  transparency  of  our  own  atmosphere  and  a  valuable  check  would  result 
upon  the  variations  of  the  sun  and  their  relation  to  our  weather.  All  coun- 
tries, therefore,  which  could  use  a  small  fund  for  the  purchase  of  such  instru- 
ment and  could  supply  a  few  minutes'  time  each  day  for  the  necessary  attention 
and  care  required  are  urged  to  procure  and  install  a  recording  mechanism  of 
the  type  here  described. 

The  Chairman.  The  next  paper  on  the  program  is  "Atmos- 
pheric electric  observations  aboard  the  Carnegie^ "  by  Dr.  W.  F.  G. 
Swann,  of  the  Department  of  Terrestrial  Magnetism,  Carnegie  Insti- 
tution. 


ATMOSPHERIC  ELECTRIC  OBSERVATIONS  ABOARD  THE 
**CARNEGIR"* 

By  W.  F.  G.  SWANN, 
Department  of  Terrestrial  Magnetism,  Carnegie  Institution  of  Washington, 

Broadly  speaking,  the  phenomena  associated  with  atmospheric  electricity 
group  themselves  into  two  classes — ^those  associated  with  the  abnormal  condi- 

^  October  21,  1916 :  Since  this  paper  was  presented  before  the  Second  Pan  American 
Sdentlflc  Congress  the  Oamegie  has  completed  a  much  larger  portion  of  her  fourth  cmlae. 
A  more  detailed  account  of  the  observations  and  results  than  is  possible  in  the  space  of 
this  paper  will  appear  in  volume  8  of  the  Researches  of  the  Department  of  Terrestrial 
Masnetlsm,  as  part  of  a  paper  entitled  "Results  of  atmospheric-electric  obsermtions 
made  aboard  the  OiMlee  (1907-8)  and  the  Oamegie  (1909-1916)."  The  latter  paper 
comprises  a  complete  account  of  the  atmospheric-electric  observations  of  the  Deparonent 
of  Terrestrial  Magnetism  since  its  foondaiion  up  to  the  end  of  March,  1916,  and  will 
appear  in  the  joint  names  of  the  director  of  the  department  and  the  present  author; 
it  is  with  the  consent  of  the  former  that  the  observations  appearing  in  this  paper  are 
quoted. 

In  revising  the  present  paper,  advantage  has  been  taken  of  the  opportunity  of  revising 
the  data  for  the  portion  of  the  cruise  here  concerned  in  the  light  of  more  complet* 
determinations  of  Instrumental  constants,  corrections,  etc,  based  on  the  obserrations  up 
to  date.  Such  alterations  as  have  been  thereby  introduced  are  of  only  minor  signlflcanceb 
however. 
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tlons  prevailing  during  thunderstorms  and  those  associated  with  the  normal 
state  of  the  atmosphere.  It  is  with  the  latter  that  I  shall  here  concern  mysclt 
A  casual  survey  of  the  features  presented  by  the  phenomena  reveals  two 
prominent  and,  to  some  extent,  independent  facts:  Firstly,  there  is  a  perma- 
nent electrical  field  in  the  atmosphere  of  such  a  kind  as  to  correspond  to 
ft  negative  charge  on  the  earth's  surface;  and,  secondly,  the  atmosphere  is  a 
conductor  of  electricity.  The  problem  of  explaining  the  permanent  existence 
of  an  electrical  field  in  a  conducting  atmosphere  is  one  which  has  long  baffled 
the  efforts  of  the  physicist,  and,  although  we  are  more  fortunate  in  respect 
of  materia]  at  hand  for  the  explanation  of  atmospheric  conductivity,  even 
here  we  have  by  no  means  freed  ourselves  from  all  dlfliculty. 

The  soil  contains  radioactive  materials.  These  materials  give  rise  to  radio- 
active gaseous  emanations  which  diffuse  out  of  the  pores  of  the  soil,  and 
some  of  the  most  promising  efforts  which  have  been  made  toward  the  elucida- 
tion of  both  classes  of  phenomena  have  been  those  based  on  this  fact  and 
the  circumstances  attending  it  It  is  for  this  reason  that  a  peculiar  Interest 
attaches  to  atmospheric-electric  observations  made  over  the  ocean,  since  here 
the  phenomena  associated  with  the  diffusion  of  emanations  from  the  soil  have 
very  little  counterpart 

In  the  choice  of  quantities  to  be  recorded  in  any  extensive  series  of  atmos- 
pheric measurements  of  tlie  field  type,  we  must  be  guided  by  two  considera- 
tions. In  the  first  place,  the  quantities  should  be  such  that,  taken  together, 
they  form  as  complete  a  whole  as  possible.  If  we  wish  to  discuss  the  variation 
of  some  quantity,  such,  for  example,  as  the  atmospheric  conductivity,  throu^- 
out  the  day,  in  order  to  compare  the  results  with  land  values,  it  is  desirable 
that  we  shall  not  omit  to  measure  any  quantity  which  we  know  to  be  a  con- 
trolling factor  in  the  determination  of  this  element  Secondly,  it  is  nece^ary 
that  the  quantities  measured  shall  be  such  as  can  be  obtained  by  apparatus 
which  is  adaptable  to  ocean  conditions. 

The  atmospheric  electric  quantities  at  present  measured  on  the  Oamegie  are 
the  following: 

1.  The  potential-gradient  X, 

2.  The  conductivities  {\.  and  X.)  arising  from  the  positive  and  negative 
ions. 

8.  The  numbers  {n^  and  n.)  of  positive  and  negative  ions  per  cubic  ecaM- 
meter. 

4.  The  radio-active  content  of  the  atmosphere. 

6.  The  radio-active  content  of  the  sea  water. 

6.  The  number  of  pairs  of  ions  produced  per  cubic  centimeter  per  second  In 
a  closed  vessel. 

The  meteorological  observations  which  are  made  are:  Pressure,  temperature, 
and  humidity.  The  diurnal  variations  of  the  potential  gradient,  conductivity, 
and  ionic  content  are  also  under  investigation. 

The  conductivities  are  related  to  the  numbers  of  ions  per  cubic  centimeter 
by  tlie  realtions  X+«n+ev+,  and  X.«n_ev.  where  e  is  the  electronic  charge,  and 
v^  and  v.  are  the  velocities  under  unit  field,  of  the  positive  and  negative  ions 

respectively.    Since  ^■■v+  and  jr^=v_,    measurements  of  X+  and  X^  n^  and 

n«  lead  directly  to  the  determination  of  v+  and  v_. 

The  simultaneous  measurements  of  conductivity  and  potential-gradient  en- 
able us  to  calculate,  if  we  wish,  the  value  of  the  vertical  conduction  current- 
density  which  is  is=(X+-f  Xw)X. 

The  primary  interest  attaching  to  the  measurements  of  the  radioactive  content 
and  of  the  number  of  ions  produced  pe^  cubic  centimeter  per  second  inside  a 
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dosed  vessel,  lies  in  the  fact  that  it  is  to  the  radioactive  material  in  the  atmos- 
phere, and  to  the  cause  which  is  responsible  for  the  production  of  ions  in  a  closed 
vessel  (the  so-called  penetrating  radiation)  that  the  ionization  of  the  atmos- 
phere, at  any  rate  in  part,  owes  its  existence;  so  that,  apart  from  certain 
considerations  into  which  I  shall  not  for  the  moment  enter,  measurements  of 
these  elements  enable  us  to  compare  the  ionization  which  is  obtained  with 
that  which  is  to  be  expected.  A  further  interest  attaching  to  the  measure- 
ment of  the  number  of  ions  produced  in  a  closed  vessel  arises  from  the  fact  that 
the  formation  of  such  ions  has  always  been  more  or  less  a  mystery,  which,  in 
the  case  of  land  observations,  is  in  part  to  be  explained  by  the  7  ray  radiation 
from  the  radioactive  materials  in  the  soil,  a  cause  which  has  very  little 
counterpart  over  the  ocean. 

Among  the  chief  difficulties  associated  with  atmospheric-electric  work  over 
the  ocean  is  that  of  overcoming  the  effect,  on  the  instruments,  of  tlie  motion  of 
the  ship,  and  of  securing  good  insulation.  One  is  practically  barred  from 
using  instruments  of  the  quadrant  electrometer  type  and  is  forced  to  confine 
himself  to  the  use  of  electroscopes.  Ordinary  gold  leaf  electroscopes  are  un- 
suitable because  they  depend  on  gravity  for  the  production  of  the  restoring 
force  which  balances  the  electrical  forces.  Within  recent  years,  however, 
another  type  of  electroscope  has  been  devised,  in  which  the  controlling  force  is 
brought  about  by  a  method  independent  of  gravity.  In  one  form  of  instruments 
the  bifilar  electroscope  devised  by  Wulf,  the  gold  leaves  of  the  older  electro- 
scopes are  replaced  by  two  quartz  fibers  coated  with  platinum  to  render  them 
conducting.  At  their  upper  ends  the  fibera  are  soldered  to  the  main  terminal 
of  the  instrument,  and  their  lower  ends  are  attached  to  a  quartz  bow  whose 
ends  are  fixed  to  a  frame.  When  the  fibers  are  charged  they  repel  each  other 
and  the  resulting  motion,  which  can  be  read  by  a  microscope  with  a  scale  in  the 
^epiece,  is  resisted  by  the  quartz  bow.  This  instrument  is  very  convenient 
where  sensitivities  of  the  order  of  magnitude  of  2  volts  per  division,  and  work- 
ing ranges  of  about  20  to  250  volts  are  required. 

Another  convenient  form  of  electroscope  devised  by  Einthoven,  and  modified 
by  Wulf,  comprises  a  single  platinized  quartz  fiber  attached  at  its  lower  end 
to  a  quartz  bow  and  at  its  upper  end  to  the  main  terminal  of  the  instrument. 
Two  insulated  metal  plates  are  mounted  with  their  planes  parallel  to  each 
other  and  to  the  quartz  fiber,  one  plate  being  mounted  on  each  side  of  the  fiber. 
The  case  of  the  instnmaent  being  earthed,  these  plates  may  be  charged  re- 
spectively to  +100  and  — ^100  volts,  or  to  any  convenient  amount,  by  constant 
batteries,  and  charges  communicated  to  the  fiber  will  then  cause  a  deflection. 
The  deflection  for  a  given  potential  applied  to  the  fiber  increases  with  the  field 
between  the  plates,  and  with  diminution  of  tension  on  the  fiber,  which  latter 
may  be  varied  by  moving  the  bow  support  up  and  down  by  means  of  a  suitable 
screw.  In  the  laboratory  it  is  not  difficult  to  obtain  a  sensitivity  of  100  eyepiece 
divisions  per  volt,  although  on  board  ship  a  sensitivity  of  from  5  to  10  divi- 
sions per  volt  is  found  more  desirable.  The  two  types  of  Wulf  electroscopes, 
on  account  of  their  freedom  from  the  effects  of  tilt,  and  on  account  of  their 
small  electrical  capacities,  have  l>een  found  the  most  convenient  forms  for  use 
on  the  Carnegie, 

In  former  work  on  the  ocean  the  potential  gradient  has  almost  invariably 
been  measured  by  some  method  such  as  the  following:  A  pole  extends  from 
the  stem  rail  of  the  ship  and  carries  at  its  end  a  metal  plate  which  is  insulated 
and  covered  with  some  form  of  radioactive  material,  usually  ionium.  Under 
these  conditions,  the  air  in  the  vicinity  of  the  plate  is  rendered  conducting 
and  the  plate  Itself  takes  up  the  potenlal  of  this  air  as  determined  by  the 
electrical  field  of  the  earth  modified  by  the  pre«ence  of  the  ship,  bamboo  pole, 
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etc  The  metal  disk  or  collector,  as  It  Is  called,  is  connected  to  an  electro- 
scope, so  that  the  difference  between  the  potential  of  the  disk  and  the  ship 
may  be  measured.  This  quantity  may  then  be  looked  upon  as  prcq^wrtional 
to  the  potential  gradient,  and  in  order  to  obtain  absolute  values  it  is  necessary 
to  make  measurements  simultaneously  over  some  fiat  surface  in  such  a  manner 
that  the  measurements  are  independent  of  the  distortion  brought  about  by 
the  apparatus  itself. 

The  chief  disadvantages  associated  with  the  use  of  a  collector  lie  in  the  slow- 
ness of  its  action,  which  necessitates  very  perfect  insulation,  if  accurate  results 
are  to  be  obtained.  Further,  since  the  motion  of  the  ship  continually  alters 
the  distance  of  the  collector  from  the  water,  the  potential  recorded  can  only 
be  looked  upon  as  a  sort  of  average.  For  these  reasons  the  author  has  devised 
an  apparatus,  the  principle  of  which  will  be  clear  from  figure  1.  The 
instrument  consists  of  a  brass  tube  A  fixed  at  one  end  to  an  axle,  so  that 
it  can  rotate  in  a  plane  containing  the  fore-and-aft  line  of  the  ship.  The  axle 
is  mounted  on  supports  fixed  to  the  stem  rail  of  the  ship,  and  the  projecting 
end  of  the  brass  tube  carries  a  gauze  disk  B  made  somewhat  in  the  form  of 
a  parasol.  The  handle  C,  by  which  the  rotation  is  brought  about,  is  insulated 
from  the  axle,  and  the  latter  is  itself  insulated  from  earth  by  causing  it  to 
work  in  brass  tubes  fixed  into  their  supports  with  sulphur  Insulation.  The 
axle  is  connected  by  a  thin  wire  to  a  Wulf  bifilar  electroscope  D,  the  wire 
and  axle  being  In  the  same  line.  It  is  arranged  that  when  the  brass  tube  is 
vertical  and  the  parasol  attachment  downward,  the  electroscope  system  is 
earthed.  On  rotating  the  tube  to  some  other  position,  fixed  by  a  stop,  a 
deflection  proportional  to  the  potential  gradient  is  obtained  in  the  electroscope. 
Insulation  difficulties  are  entirely  overcome  since  the  leak  occurring  during 
the  turning  of  the  handle  from  one  position  to  another  is  negligible;  further, 
the  operation  can  be  performed  so  quickly  that  a  reading  may  be  obtained  at 
any  desired  position  of  tilt  of  the  ship.  The  sensitivity  is  considerable,  and  it 
is  easy  to  arrange  so  that,  for  the  normal  value  of  the  potential  gradient, 
deflections  amounting  to  the  whole  scale  length  are  obtained. 

The  method  which  is  usually  employed  for  measuring  the  conductivity  of  the 
air  is  that  due  to  Gerdlen.  In  this  method  air  is  drawn  by  a  fan  through  the 
space  between  two  concentric  cylinders,  the  central  member  of  which  is 
charged  and  connected  to  an  electroscope.  The  theory  of  the  instrument  shows 
that  so  long  as  the  velocity  of  the  air  current  is  large  enough  to  insure  that 
the  central  cylinder  is  unable  to  extract  from  the  air  all  of  the  ions  which  it 
attracts  as  the  air  passes  through,  the  rate  of  loss  of  charge  by  the  cylinder 
is  independent  of  the  air  velocity,  and  depends  only  upon  the  conductivity 
contributed  by  the  ions  of  sign  opposite  to  the  charge  on  the  central  cylinder. 
Under  these  conditions,  measurements  of  the  potential  of  the  central  cylind» 
at  two  different  times  during  the  passage  of  the  air  current,  combined  with  a 
knowledge  of  certain  electrical  capacities  associated  with  the  instrument, 
enable  the  conductivity  in  question  to  be  deduced.  If  the  velocity  is  so  small 
that  all  of  the  ions  of  sign  opposite  to  that  on  the  central  cylinder  are  drawn 
thereto  as  the  air  passes  through,  the  indications  of  the  instrument  do  d^>end 
upon  the  velocity  of  the  air ;  in  fact,  the  rate  of  loss  of  charge  is  proportional 
to  the  velocity  of  the  air  under  these  circumstances,  since  the  air  is  robbed  of 
all  of  its  ions  as  it  passes  through  the  space  between  the  cylinders.  A  knowledge 
of  the  rate  of  flow  of  the  air  then  enables  one  to  deduce  from  the  indications 
of  the  instrument  the  number  of  ions  per  cubic  centimeter.  The  chief  dis- 
advantage of  this  type  of  Instrument  for  measuring  the  ionic  numbers  lies  in 
its  lack  of  sensitivity.  In  the  usual  form  of  Instrument  the  central  cylinder 
is  connected  to  a  Wulf  electroscope  reading  up  to  about  200  volts,  and  the 
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outer  cylinder  Is  earthed.  The  rate  of  movement  of  the  fibers  when  the  air 
flows  through  the  Instrument  under  these  conditions  Is  extremely  slow,  and 
as  much  as  half  an  hour  may  be  necessary  to  obtain  a  single  satisfactory 
observation.  The  result  of  this  Is  that,  in  some  measurements — for  example, 
those  of  Ionic  mobilities,  In  which  It  Is  necessary  to  assume  constancy  of  the 
ionic  content  of  the  atmosphere  over  the  period  of  two  measurements — the 
departure  from  this  condition  Is  frequently  sufficient  to  cause  the  quantity 


measured,  which  Is  essentially  a  positive  quantity,  to  come  out  negative  In  the 
calculations. 

In  order  to  increase  the  sensitivity  and  rapidity  of  action  of  the  Instrument 
the  author  has  devised  a  modified  form.  In  which  the  central  cylinder  of 
the  apparatus  Is  connected  to  the  fiber  of  a  single  fiber  electroscope  of  the 
Wulf  type,  the  sensitivity  of  which  can  be  made  as  great  as  Is  desired.  The 
potential  of  the  fiber  Is  never  allowed  to  depart  far  from  zero,  and  the  necessary 
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field  l8  obtained  by  insulatinflr  and  cbarglng  the  outer  cylinder  to  about  150 
volts.  On  releasing  tlie  fiber  from  eartli  it,  of  coorse,  starts  to  move  at  a 
rate  determined  by  the  rate  of  supply  of  electricity  to  the  central  system  from 
the  air.  The  fact  ttiat  the  central  systrai  is  never  allowed  to  d^[>art  far  from 
zero  potential  also  enormously  reduces  the  leakage  error,  whidi  otherwise 
would  become  a  very  serious  consideration,  especially  in  work  at  sea.  Indeed, 
leakage  may  be  entirely  elhninated  by  starting  observations  with  the  fiber 
charged  in  such  a  sense  that  it  crosses  the  sero  point  during  the  observation, 
for  it  may  then  be  arranged  that  the  fiber  readings  which  are  chosen  as  the 
bases  of  the  measurements  lie  at  equal  distances  on  each  side  of  the  zero. 
In  order  to  avoid  an  alta*ation  in  the  number  of  ions  entering  the  apparatus, 
by  the  charge  on  the  outer  cylinder,  the  latter  is  surrounded  by  yet  another 
cylinder  which  is  insulated  from  it  and  earthed.  Bven  this  does  not  entir^ 
overcome  the  difficulty,  however,  as  will  readily  be  surmised  when  it  is  remem- 
bered that  the  potential  of  a  point  a  short  distance  outside  the  cylinder  is 
zero  and  that  of  a  point  a  short  distance  inside  is  about  150  volts,  ao  Uiat 
the  ions,  in  order  to  get  in,  have  to  move  in  opposition  to  electric  forces.  la 
order  to  completely  eliminate  this  difficulty,  a  special  attachment  is  made  to 
the  central  cylinder,  the  action  of  which  is  fully  explained  in  the  paper 
describing  the  instrument^ 

Since  good  insulation  is  essential  to  such  measurements  as  these,  it  Is 
desirable  that  the  parts  of  the  apparatus  which  contain  the  insulating  materials, 
shall  be  well  protected.  For  this  reason  a  small  observatory  has  been  erected 
aboard  the  Carnegie^  and  this  observatory  houses  the  apparatus  for  the 
measurement  of  conductivity,  ionic  content,  penetrating  radiation,  and  part 
of  the  apparatus  for  the  determination  of  the  radioactive  content  of  the  atmos- 
phere. It  is  arranged  that  the  cylinders  which  receive  the  air  project  through 
the  roof  of  the  observatory,  but  the  electroscope  systems  are  mounted  perma- 
nently inside.  The  advantage  of  this  arrangement  lies  in  the  fact  that  in 
so  far  as  the  temperature  of  the  inside  of  the  observatory  is  always  al)ove  the 
dew  point  of  the  air  outside,  condensation  on  the  insulating  parts  is  less  likely 
to  occur  than  if  the  apparatus  were  exposed  to  the  <^;>en  air. 

The  method  adopted  for  measuring  the  conductivity  is  essentially  the  same  as 
that  referred  to  above  except  that  the  Wulf  bifilar  electroscope  system  hangs  from 
a  gimbal  Inside  the  house,  and  there  is  an  arrangement  by  which  the  receiving 
funnel  of  the  apparatus  can  be  turned  In  any  desired  direction.  The  fan  is 
driven  by  a  motor  instead  of  by  hand  or  by  clockwork.  In  this  way  a  rapid 
current  of  aUr  can  be  obtained,  with  the  result  that  great  sensitivity  is  secured. 

The  ion  counter  used  is  of  the  type  already  described,  and  it  hangs  from  a 
gimbal,  so  that  only  the  cylinders  project  through  the  roof. 

For  the  measurement  of  the  number  of  pairs  of  ions  produced  per  cubic 
centimeter  per  second  in  a  closed  vessel,  an  air-tight  copper  vessel  of  about  27 
liters  capacity  is  employed.  A  rod  which  is  insulated  from  the  copper  vessel 
by  amber  is  connected  to  the  fiber  of  a  single  fiber  electroscope.  The  copper 
vessel  Is  charged  to  a  potential  sufficiently  high  to  cause  saturation  for  the 
ionization  produced  inside,  so  that  on  releasing  the  fiber  of  the  electroscope 
from  earth  the  central  system  charges  up  at  a  rate  determined  by  the  rate  of 
production  of  ions  in  the  vessel.  The  insulating  material  separating  the  central 
rod  from  the  outer  vessel  is  divided  into  two  parts  by  a  guard  ring,  which  is 
kept  earthed  and  so  prevents  leakage  from  the  vessel  to  the  central  syst^n 
across  the  amber.    The  whole  apparatus  is  mounted  on  a  gimbaL 

>  Terr.  Mag.,  v.  19,  p.  171,  September,  1914. 
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In  measurements  of  the  amount  of  radioactive  material  in  the  atmoepherei 
former  investigators  have  largely  used  a  method  due  to  Elster  and  GeiteL 
Tills  method,  which  depends  for  its  action  on  the  fact  that  the  products  of  dis- 
integration of  the  radium  emanation  in  the  air  are  for  the  most  part  positively 
charged,  consists  in  allowing  a  long  negatively  charged  wire  to  collect  active 
material  from  the  atmosphere  for  a  period  of  two  hours,  and  then  measuring 
tlie  saturation  current  which  this  material  produces  when  wound  on  a  frame 
and  introduced  into  an  ionization  chamber.  In  this  way  quantities  are 
obtained  from  which  a  sort  of  comparison  may  be  made  of  the  amounts  of 
active  material  In  the  atmosphere  at  different  places.  The  theory  of  the 
method,  however,  shows  that,  apart 
from  the  fact  that  the  results  given 
are  only  relative,  considerable  un- 
certainty attaches  to  their  interpre- 
tation. 

Undoubtedly  one  of  the  best 
methods  of  determining  the  radium 
emanation  content  of  the  atmos- 
phere is  that  involving  the  absorp- 
tion of  the  emanation  from  the  air 
by  charcoal,  with  a  subsequent 
determination  of  the  amount  ab- 
sorbed. The  time  required  for  this 
operation,  however,  and  the  nature 
of  the  apparatus  necessary,  is  such 
as  to  render  the  method  imprac- 
ticable for  use  aboard  ship.  The 
method  at  present  employed  on  tlie 
Carnegie  consists  in  drawing  air 
between  two  concentric  cylinders, 
the  central  one  of  which  is  charged 
negatively  to  such  a  high  potential 
that  al!  of  the  active  carriers  en- 
tering the  concentric  cylinders  are 
brought  to  the  central  system.  The 
saturation  current  produced  in  an 
Ionization  chamber  by  the  active 
deposit  collected  In  a  given  time, 
combined  with  a  knowledge  of  the 
air  flow  during  the  collection  of  the 
deposit,    enables    the    amount    of 

r.ctive  material  per  cubic  meter  of  air  to  be  estimated,  if  one  assumes  a  knowl- 
edge of  the  nature  of  the  deposit,  which  latter  can  be  obtained  from  the  form 
of  the  decay  curve.  The  considerations  and  calculations  involved  in  the  deiluc- 
tlon  of  the  absolute  values  of  the  radioactive  content  are  too  complex  to  be  given 
here  In  detail.  The  general  principle  of  this  method  has  been  used  in  one  form 
or  another  by  several  investigators  on  land,  and  the  chief  modifications  intro- 
duced by  the  author  have  been  made  with  the  object  of  rendering  the  results 
more  susceptible  of  accurate  theoretical  interpretation,  and  of  increasing  the 
sensitivity  of  the  apparatus  and  its  adaptability  for  use  at  sea. 

The  collecting  apparatus  as  at  present  employed  is  shown  In  its  essential 
features  in  figure  2.  It  consists  of  a  copper  cylinder  A,  64  cm.  long  and  about 
20  cm.  in  diameter,  with  an  anemometer  at  one  end  and  a  fan  at  the  ofher. 


Fio.  a. 
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The  central  system  consists  of  an  Insulated  wooden  cylinder  B,  12  cm.  long» 
supported  by  a  rod  passing  through  its  axis  and  insulated  from  it  by  sulphur  S. 
The  surface  of  the  wooden  cylinder  is  covered  with  coK»er  foll«  held  on  by 
rubber  bands,  and  it  is  on  this  foil  that  the  d^iKMit  is  collected.  Earthed  metal 
cape  O  0  attached  to  the  central  rod  fit  over  the  top  and  bottom  of  the  omtral 
cylinder  without  touching  it,  and  insure  that  the  deposit  of  the  active  mat^lal 
is  confined  to  the  copper  f  oiL  ' 

A  large  air  current  is  necessary  if  a  large  amount  of  d^K)Bit  is  to  be  ob- 
tained, and  in  order  to  secure  saturation  with  a  reasonably  low  potential  on 
the  central  cylinder  it  is  necessary  that  the  latter  shall  be  large.  A  large  cyl- 
inder, when  afterwards  introduced  into  the  ionization  chamber,  so  as  to  form 
the  central  system  there,  would,  however,  on  account  of  the  large  capacity,  re- 
duce the  sensitivity  in  the  ionization  chamber  measurements.  For  this  reason 
the  central  system  of  the  ionization  chamber  is  formed  of  a  thin  rod,  and  the 
foil,  aft^  removal  from  the  inn^  cylinder  of  the  collecting  apparatus,  is  l)ent 
over  and  made  to  line  the  walls  of  the  ionization  chamber,  with  the  active  sur- 
face facing  inward.  In  this  way  the  foil  does  not  contribute  to  the  capacity  of 
the  system.  The  height  of  the  ionization  diamber  is  about  twice  the  height  of 
the  foil  cylinder,  so  that  the  latter  only  covers  the  central  portion  of  the 
wall  of  the  chamber.  In  this  way  are  avoided  difilculties  arising  ttom  unc@> 
tainties  which  would  otherwise  be  introduced  in  a  knowledge  of  the  fraction 
of  the  a  particles  traveling  any  assigned  portion  of  their  range  in  the  vesseL 
The  uncertainty  is  great  in  the  case  where  an  appreciable  fraction  of  the  a 
particles  strike  the  top  or  bottom  of  the  vessel,  since  the  distribution  of  active 
deposit  on  the  foil  is  by  no  means  uniform.  The  central  system  of  the  ioniza- 
tion chamber  is  attached  to  a  single  fiber  electroscope  adjusted  to  a  sensitivity 
of  5-10  divisions  per  volt,  and  the  potential  is  applied  to  the  outer  vessel,  the 
whole  being  mounted  on  a  gimbal. 

In  reading  the  various  electroscopes  associated  with  the  conductivity  a^Mi- 
ratus,  ion  counter,  penetrating  radiation  apparatus,  and  radioactive  content 
apparatus — in  order  to  avoid  uncertainties  connected  with  the  variations  of  sensi- 
tivity of  the  electroscope,  and  the  computational  labor  involved  in  the  use  of  cali- 
bration curves — the  times,  or,  in  the  case  of  the  ion  counter,  the  air  flow  is  noted 
during  the  passage  of  the  fiber  between  two  assigned  divisions  of  the  scale, 
and  the  corresponding  readings  are  obtained  in  volts  immediately  afterwards, 
by  means  of  calibrating  systems  which  are  permanently  connected  to  each 
Instrument  and  are  used  in  conjunction  with  a  voltmet^  common  to  all  the 
instruments.  By  this  means  the  operation  of  reducing  the  electroscope  read- 
ings to  volts  is  only  a  matter  of  a  moment  Everything  is  arranged  so  that 
the  amount  of  time  wasted  by  the  observer  in  adjusting  and  arranging  appa- 
ratus is  reduced  to  a  minimum,  and  it  re&ults  that  in  a  period  of  2.5  hours  one 
observer  is  able  to  make  three  sets  of  measurements  of  the  conductivity  (for 
example,  two  for  positive  ions  and  one  for  negative  ions),  three  sets  of  measure- 
ments of  the  ionic  content,  a  measurement  of  the  penetrating  radiation,  and  a 
measurement  of  the  radioactive  material  in  the  atmosphere.  The  conductivity 
and  ionic  content  are  measured  simultaneously,  and  the  services  of  a  second 
observer  are  requisitioned  for  the  measurement  of  the  potential  gradient,  so 
that  these  measurements  may  take  place  at  the  same  mean  time  as  those  of  the 
conductivity,  and  so  afford  a  reliable  means  for  calculating  the  vertical  conduc- 
tion density. 

SUMICABT  OF  THE  ATMOSPHEBIC-ELECTBCO  RESULTS  OF  THE  POBTION  OF  THE  F0I7BTH 
CBXJISE  OF  THE  CABNBOIE,  COMPBISED  BETWEEN  MABCH  6,  1016,  AND  JtTLT  20,  1916. 

The  Camegiet  which  is  operated  under  the  direction  of  the  Department  of 
Terrestrial  Magnetism  of  the  Carnegie   Institution  of  Washington,   started 
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from  Brooklyn,  N.  Y.,  on  her  present  cruise,  March  6,  1915,  under  the  com- 
mand of  Mr.  J.  P.  Ault  As  it  was  anticipated  that  several  readjustments 
might  be  found  necessary  after  the  vessel  had  gotten  well  out  to  sea,  she  was 
accompanied  as  far  as  Panama  by  Dr.  S.  J.  Mauchly,  who  was  thoroughly 
familiar  with  the  nature  of  the  atmospheric-electric  apparatus  and  the  general 
scheme  of  procedure,  having  assisted  throughout  in  the  construction,  prepara- 
tion and  testing  of  the  various  parts. 

The  observations  from  Brooklyn  to  CJolon,  Panama,  were  carried  out  by 
Dr.  Mauchly  and  Observer  H.  F.  Johnston.  From  Balboa  onward  they  were 
made  by  Observer  H.  F.  Johnston,  assisted  by  Observer  I.  A.  Luke. 

The  Carnegie  arrived  at  Colon,  Panama,  on  March  24,  1915.  Leaving  Bal- 
boa, Panama,  on  April  12,  1915,  she  sailed  for  Honolulu,  arriving  on  May  21, 
1915.  She  left  Honolulu  on  July  3,  and  arrived  at  Dutch  Harbor,  Alaska,  on 
July  20,  from  which  port  she  sailed  on  August  4  for  Port  Lyttelton,  New 
Zealand,  arriving  there  on  November  2.  She  left  Port  Lyttelton  on  December  6 
for  a  circumnavigation  cruise  in  regions  between  the  parallels  50*  and  60*  S. 

At  the  time  (Jan.  3, 1916)  when  this  paper  was  presented  before  the  Second  Pan 
American  Scientific  Congress,  the  observations,  as  far  as  Dutch  Harbor,  had  been 
received  and  computed.  Since  that  date  the  Carnegie  has  completed  the  circum- 
navigation cruise  above  mentioned,  arriving  at  Lyttelton  on  April  1,  1916.  She 
again  left  Port  Lyttelton  on  May  17,  1916,  bound  for  Samoa,  Guam,  and  San 
Francisco.  She  arrived  at  the  last-named  port  on  September  21,  1916.  Except 
for  the  first  leg  of  the  cruise,  from  Brooklyn  to  Colon,  in  which  there  was 
naturally  much  to  be  done  In  the  matter  of  arrangement  of  details,  complete  sets 
of  observations  have  been  obtained  almost  daily.  As  already  stated  in  note  1  on 
page  579  of  this  paper,  a  full  description  of  the  atmospheric-electric  observa- 
tions of  the  Carnegie's  fourth  cruise  will  appear  in  another  place.  In  the 
present  paper  attention  Is  confined  to  a  brief  discussion  of  the  average  results 
obtained  for  the  more  important  elements,  up  to  the  time  of  the  Carnegie's 
arrival  at  Dutch  Harbor.  Except  in  the  case  of  the  observations  on  the 
diurnal  variations,  measurements  were  always  taken  at  approximately  the  same 
time  of  day,  the  mean  time  for  a  set  being  about  9.30  a.  m. 

Table  1  shows  the  mean  results  for  the  various  atmospheric-electric  elements, 
i  being  the  air-earth  current  density  and  R  the  number  of  ions  produced  per 
cubic  centimeter  per  second  in  a  closed  vessel.  The  last  column  gives  the 
radium  emanation  content  of  the  atmosphere.  The  figures  In  parentheses  give 
the  numbers  of  observations  Involved. 

Table  1. 


Lag  of  cruise. 


n+ 


Brooldyn-Coton  501 

(Mar.  9-Mar.  24, 
1916) (8) 

Balboa-Hondnlo 

HonolTda-Datch  Har- 
bor 782 
(July  8-Jaly  20, 
1916) (16) 


486 

(8) 
801 

(31) 

042 

(18) 


1.03 

(8) 
1.12 

(31) 

1.28 

(18) 


X+ 


(E.  S.U.XlO-<). 


Cm.  /volt 
Sec/ Cm. 


0.92' 

(8) 
1.67 

(31) 

1.48 

(") 


a  78 

(8) 
1.36 

(31) 

1.13 

(14) 


v+  v_ 


X 

(vott/m). 


1.28 

(8) 
1.31 

(81) 

L86 

(M) 


L21 

(8) 
1.26 

(31) 

1.82 

(18) 


117 

(10) 
119 

(32) 

121 

(Ifi) 


i 

(E.  B.  U. 

xio-*). 


6.8 

(8) 
11.2 

(31) 

9.9 
(M) 


3.2 

(3) 
8.8 

(31) 

4.0 

08) 


Ra.  Em. 
Caries  X10-" 


ms. 


No  observa- 
tions. 

4.0 

(81) 

1.6 

(10) 
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Let  08  DOW  consider  the  elementa  indirldoally,  oommendiig  with  the  potential 
gradient.  This  element,  of  course,  sliows  lairge  annual  and  diurnal  rarlations 
on  land,  and  in  ord^  to  compare  the  results  with  the  ocean  yalues  it  is  neces- 
sary to  deduce  tlie  land  values  for  the  time  at  which  tlie  ocean  results  were 
taken — L  e.,  9.30  a.  m. — and  for  the  appropriate  period  of  the  year.  The 
observations  in  the  Pacific  Ocean  correspond  roughly  to  tlie  summer  months, 
and  if  we  deduce  the  9.30  values  for  the  summer  months  as  given  at  sereral 
land  observatories  we  obtain  the  results  shown  in  Table  2. 

Table  2. 


Pteo*. 

roUntlal 
gndlMit. 

Ktw...... 

FWItpir 

944 

194 
191 
93 
291 
97 
» 

m 

HO"rtHfi      ...... 

Pirb 

Triaite 

Potudmm. 

Lyons 

Vin^ok..^ 

Krtmiin^tff 

Mmh 

14S 

The  mean  of  the  values  obtained  from  April  12,  1915,  to  July  20,  1015,  for 
the  Pacific  Ocean  Is  120  volts  per  meter,  so  that  in  view  of  tlui  very  large  varia- 
tions In  the  land  values  at  different  places  it  Is  not  possible  to  draw  any  cer- 
tain conclusions  as  to  the  relations  between  sea  and  land  values,  especially  la 
view  of  the  present  uncertainty  of  our  knowledge  of  the  diurnal  variation  over 
the  ocean.* 

The  9.80  a.  m.  value  for  the  potential  gradient  In  the  Atlantic  Is  117  volts 
per  meter.  There  are  not  many  ocean  values  from  other  observers  with  wiildi 
to  compare  this  result  Johnston,'  using  an  ionium  collector,  obtained  the  value 
93  volts  per  meter  in  the  North  Atlantic  in  1914.  Simpson  and  Wright  ob- 
tained/ in  the  South  Atlantic  and  South  Indian  Oceans,  values  which  appeared 
to  show  a  minimum  of  about  80  volts  per  meter  in  the  neighborhood  of 
12  noon.  Angenhelster  *  found  values  ranging  from  81  to  112  volts  per  meter 
in  the  Red  Sea,  and  values  ranging  from  75  to  97  volts  per  meter  in  the  Indian 
Ocean. 

The  ionic  content  of  the  atmosphere, — Of  the  Atlantic  Ocean  values  recorded 
In  Table  1  more  than  half  were  obtained  in  the  land-locked  Caribbean  Sen, 
and  the  remainder  Just  to  the  north  of  the  West  Indies.  While  these  results 
are  in  harmony  with  those  of  former  observers  In  indicating  exceptionally  low 
values  of  the  conductivity  and  Ionic  content  In  regions  of  the  sea  close  to  laml, 
they  can  not  be  considered  as  representative  of  normal  Atlantic  Ocean  values. 
For  this  reason,  as  regards  the  conducthity  and  Ionic  content,  attention  will 
here  be  confined  to  the  Pacific  Ocean  values.  Table  3  shows  a  comparison  of 
these  values  with  those  obtained  by  other  observers  on  land  and  i^^a. 

1  At  the  time  when  this  was  written  the  ohfferratlons  which  had  been  nemred  on  the 
diurnal  Tartatlons  were  too  few  to  afford  reliable  Information  on  the  nature  of  the  varta- 
tlon.  By  the  time  that  the  Carnegie  had  returned  to  Ljttleton.  after  her  circumnarlri- 
tlon  cmlae.  however.  Pufficlcnt  obflervatlonn  had  been  aeciire<l  to  afford  very  deflnlta 
information  as  to  this  matter.  The  diurnal  variation  curve  shown  minima  about  5  a.  oi. 
and  8  p.  m.,  and  maxima  about  midnight  and  S  a.  m.,  the  12-liour  ''Fourier  wave" 
being  more  prominent  than  the  24-honr  *'  wave.'* 

>Terr.  Blag.,  v.  20.  p.  43.  March,  lOlS. 

•Proc.  Roy.  Soc..  A.  v.  85.  p.  175,  ISll. 

« OGttingen  Nach.  Get.  Wlaa.,  1S14. 
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Table  3. — Comparifon  of  former  land  and  sea  values  of  n+  and  n.  with  those  obtained  on 
the  Carnegie  between  Apr.  if,  1915,  and  July  iO,  1915. 


Natun  of  the  obMrraUoos. 

iH- 

n. 

ii++n- 

Mean  of  Pacific  Ocean  values  for  the  fourth  cnilse  of  the  CariMgie 

834 
736 
787 

754 
588 

668 

1.588 

l!334 

1,«5 

These  observations  confirm  the  conclusion  thnt  the  ionic  content  over  the 
ocean  is  at  any  rate  as  great  as  that  found  over  land. 

The  atmospheric  conductivitp.^/^ab\e  4  gives,  for  the  conductivity,  data 
corresponding  to  those  given  in  Table  8  for  the  ionic  content 

Table  4. — Comparison  of  former  land  and  sea  values  of  X^  and  X_  with  those  obtained  on 
the  Carnegie  bettoeen  Apr.  It,  1915,  and  July  tO,  1915. 


Nature  of  the  ol)eervaUoii8. 

E.8.D.X10-* 

x+ 

X- 

X++X- 

Mean  of  Pacific  Ocean  values  for  the  fourth  cruise  of  the  Carnegie 

1.53 
1.44 
1.30 

1.29 
1.20 
1.23 

2.81 

Mean  of  12  former  ocean  values  obtained  by  various  obmrvers.^ 

2.64 

Mean  of  18  land  values  obtained  by  various  observers.  ...................<........ 

2.51 

Here,  again,  there  is  a  reasonable  close  agreement  l)etween  the  values  for  the 
Camcgi&s  fourth  cruise  and  those  of  former  observers  on  sea  and  land. 

The  specific  ionic  velocities. — ^The  mean  Pacific  Ocean  values  of  v+  and  v_ 
resulting  from  the  Carnegie's  fourth  cruise  as  far  as  Dutch  Harbor,  Alaska, 
are  respectively  1.33  and  1.27  centimeters  i>er  second  per  volt  per  centimeter. 
The  mean  of  five  pairs  of  land  values  give,  respectively,  1.08  and  1.22  centi- 
meters per  second  per  volt  per  centimeter.    Thus,  not  only  are  the  ocean  values 

higher  than  the  land  values,  but  the  ratio     **"  is  certainly  not  less  than  unity 

in  the  case  of  the  ocean  values,  while  It  Is  decidedly  less  than  unity  for  the 
land  values.  It  Is  probable  that  the  explanation  of  these  circumstances  is  to  be 
found  in  tlie  efTect,  on  the  measurements,  of  a  class  of  ions,  the  Langevin  ions, 
which  are  known  to  exist  In  the  atmosphere,  and  which  move  very  sluggishly 
owing  to  their  association  with  particles  much  larger  than  molecules. 

The  only  ocean  values  we  have  with  which  to  compare  the  present  values 
are  those  of  Knoche,*  who  found  values  of  the  order  0.05  centimeter  per  second 
per  volt  per  centimeter  In  the  Pacific  Ocean,  but  it  would  seem  that,  unless 
the  conditions  in  Knoche's  experiments  were  exceptional,  this  value  must  be 
subject  to  some  doubt. 

Radioactive  content  of  the  atmospJi^cre. — As  far  as  the  author  is  aware,  no 
previous  attempts  have  been  made  to  measure  the  amount  of  radium  emanation 
in  the  atmosphere  over  the  sea  directly.  Estimations  so  far  obtained  have 
been  made  on  the  basis  of  relative  values  obtaine<l  on  land  and  sea  by  the 
Elster  and  Geltel  method.  The  present  metho<l  leads  to  an  absolute  determina- 
tion of  the  amount  of  emanation  in  the  atmosphere,  and  gives  the  value 
8.4X10"**  Curie  per  cubJc  meter  as  the  mean  of  all  the  values  for  the  cruise  In 
the  Pacific  Ocean  as  far  as  Dutch  Harbor,  Alaska.  The  average  value  as 
measured  on  land  by  the  accurate  metho<ls  which  are  possible  in  a  laboratory 

>  W.  Knoche,  Phys.  Zeit.  v.  13,  p.  825,  1912. 


Digitized  by  VjOOQIC 


590       PBOOBEDIKOS  SECOND  PAN  AMEBIOAN  BOISNTIPIO  COKORBSS. 

amonnts  to  about  88X10'^  Curies  per  cubic  meter,  so  that  the  value  for  the 
Pacific  Ocean  is  only  about  8.9  per  cent  of  that  found  on  land.  The  result  is  in 
agreement  with  relative  measurements  over  land  and  over  the  Pacific  Ocean 
in  so  far  as  one  can  apply  any  meaning  to  these  relative  measurements.  Thus 
Linke*  found  2.4,  and  Knoche*  3.6  Elster  and  Geltel  units  for  the  Pacific  Ocean^ 
the  unit  being  an  arbitrary  one  founded  on  the  Elster  and  Geitel  method.  The 
mean  of  these  is  8  units.  As  typical  values  for  land  stations  we  have  the  fid- 
lowing:  Wolfenbtittel,*  19;  Freiburg,*  84;  Karasjok,'  93;  Hochtal  Arosa,* 
Switzerland,  91;  Altjoch  am  Kochelsee,'  Upper  Bavaria,  137.  The  mean  of 
these  activities  is  85,  of  which  the  value  for  the  Pacific  Ocean  forms  about 
8.5  per  cent  This  is  in  good  agreement  with  the  value,  3.9  per  cent,  giv^i 
above,  as  resulting  from  a  comparison  of  the  absolute  measurements  on  sea 
and  land. 

The  small  value  for  the  radioactive  content  over  the  ocean  is  in  line  with 
what  might  be  expected  when  it  is  remembered  that  the  active  emanations 
ultimately  come  almost  entirely  from  the  land  and  are  only  to  be  found  over 
the  sea  as  a  result  of  the  action  of  the  wind. 

The  average  amount  of  radium  emanation  over  the  Pacific  Ocean,  as  d^er- 
mined  by  the  portion  of  the  fourth  cruise  here  considered,  is  capable  of  account- 
ing for  the  production  of  about  0.07  ion  per  cubic  centimeter  per  second.  If  we 
assume  the  well-known  relation  q=an\  between  n,  the  number  of  ions  per  cubic 
centimeter  of  one  sign  (the  numbers  for  both  signs  being  supposed  equal), 
q  the  rate  of  production,  and  a  the  cofficient  of  recombination  of  the  ions,  we 
can  find  the  value  of  q  necessary  to  account  for  any  assigned  value  of  n. 
According  to  the  results  of  the  Carnegie's  fourth  cruise,  the  measured  value 
of  n  for  the  Pacific  Ocean  Is  at  least  as  great  as  800.  In  addition  to  those 
ions  which  are  measured  by  the  apparatus,  and  which  are  referred  to  as  small 
ions,  there  is  In  the  atmosphere  a  class  of  ions,  the  so-called  large  ions,  of 
a  much  more  slowly  moving  type,  and  these  ions  do  not  become  measured 
by  the  ion  counter.  In  order  to  account  for  the  800  small  ions  alone,  however, 
we  find,  taking  o=2.5X10',  that  q  must  have  a  value  equal  to  1.6.  Hence 
the  radioactive  material  in  the  air  over  the  Pacific  Ocean  Is  only  sufl^dait 
to  provide  for  about  4.4  per  cent  of  the  rate  of  production  of  ions  necessary 
to  account  even  for  the  presence  of  the  small  ions.  It  is  true  that  the  uncer- 
tainties inherent  in  the  method  of  determining  the  emanation  content  from 
the  active  deposit  are  such  as  to  give  a  value  which  Is  too  low,  but  after 
making  all  allowances  for  such  considerations,  we  can  not  but  conclude  that 
the  radioactive  content  over  the  Pacific  Ocean  is  far  too  small  to  play  an 
important  part  in  controlling  the  ionization  of  the  atmosphere.  A  similar 
remark  applies  to  the  radium  emanation  contained  in  the  sea  water,  which 
is  likewise  known  to  be  excessively  small,  so  that  there  remains  for  the 
explanation  of  atmospheric  Ionization  only  that  source,  whatever  it  is,  which 
is  responsible  for  the  formation  of  ions  in  a  closed  vessel. 

The  present  measurements  show  the  number  of  ions  produced  per  cubic 
centimeter  per  second  In  a  closed  vessel  to  be  3.2  over  the  Atlantic  and  3.9 
over  the  Pacific  Ocean.  These  results  are  in  general  agreement  with  the 
values  ranging  from  4  to  6  found  by  Simpson  and  Wright  in  the  Atlantic  and 

iPhil.  Trans.  R.  Soc.,  A.,  v.  205,  p.  61,  1905. 

>  GStthigen  Nach.  Oes.  Wise.,  1906. 

«  Phys.  Zeit.  v.  18,  p.  112,  1912. 

*Phys.  Zelt  v.  4,  p.  526,  1903. 

»  Phys.  Zelt.,  v.  5,  p.  591,  1904. 

•  Phys.  Zelt,  v.  4,  p.  626,  1908. 

»  Phys.  Zelt.,  v.  5,  p.  11,  1904. 
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Indian  Oceans.  The  number  of  Ions  known  to  be  produced  per  cubic  centi- 
meter per  second  in  a  closed  vessel  over  land  is  about  10,  and  the  excess 
can  be  accounted  for  by  the  7  ray  radiation  from  the  active  materials  in 
the  soil,  and  the  secondary  /3  ray  radiation  which  it  produces  from  the  walls 
of  the  vesseL  If  we  could  assume  all  of  the  ions  produced  in  a  closed  vessel 
over  the  sea  to  have  their  origin  in  causes  other  than  the  vessel  itself,  we 
should  be  provided  with  *  a  source  of  ionization  more  than  sufficient  to 
account  for  the  existence  of  the  small  ions,  but  the  question  as  to  how  far 
the  ionization  produced  in  a  closed  vessel  of  this  kind  is  really  the  result 
of  actions  other  than  that  of  radioactive  impurities  in  the  vessel,  is  still  to 
some  extent  an  open  one. 

Perhaps  one  of  the  chief  difficulties  resulting  from  a  comparison  of  the  ioni- 
zation over  the  land  and  ocean  arises  from  the  fact  that  if  we  assume,  as  we 
must  do,  a  sufficiently  large  value  for  the  ionization  caused  by  the  peneti'ating 
radiation,  to  account  for  the  ionization  over  the  ocean  (i.  e.,  a  rate  of  formation 
of  1.6  ions  per  cubic  <:entimeter  per  second),  it  would  seem  that  we  must 
consider  this  cause  to  be  active  over  land  also.  Thus  the  rate  of  production 
of  ions  which  can  be  accounted  for  on  land  is  at  least  1.6  plus  the  rate  of 
production  wtiich  can  be  accounted  for  by  the  radioactive  materials  in  the 
earth  and  atmosphere  on  land.  The  latter  contribution  amounts  to  4.5,  accord- 
ing to  the  estimation  of  Eve,*  hence  the  value  of  q  which  can  be  accounted 
for  on  land  is  at  least  about  6,  and  this  is  much  more  than  is  necessary  to 
account  for  the  observed  number  of  (small)  ions,  the  latter  being  no  greater 
than  the  value  found  at  sea.  It  would  seem  that  the  explanation  of  this 
difficulty  must  be  sought  in  the  slowly  moving  ions,  which,  though  they  con- 
tribute very  little  to  the  conductivity,  nevertheless  have  to  be  maintained, 
since  they  are  continually  suffering  recombinations. 

The  total  number  of  ions,  small  and  large,  over  the  ocean  must  be  supposed 
to  be  smaller  than  that  over  land,  but  the  greater  purity  of  the  air  over  the 
ocean  will  result  in  the  fraction  of  the  ions  which  exist  there  as  small  ions 
being  greater  than  the  corresponding  fraction  over  land.  The  practical  equality 
of  the  measured  numbers  of  small  ions  over  land  and  sea  drives  us  to  the  con- 
clusion that,  as  far  as  this  fact  is  concerned,  the  decrease  in  the  total  ioniza- 
tion over  the  sea  is  Just  compensated  by  the  greater  fraction  of  the  ions  which 
then  function  as  small  ions.  Thus,  for  example,  if  we  were  to  assume  that 
there  are  no  slowly  moving  ions  over  the  sea,  we  should  have  g=1.6  as  the 
total  ionization  over  the  sea.  Hence,  total  ionization  over  land=1.6+4.5=6.1. 
Hence,  if  n«  and  m  refer  to  the  total  numbers  of  small  ions  per  cubic  centi- 
meter over  sea  and  land,  respectively,  N  to  the  number  of  large  ions  per 
cubic  centimeter  over  the  land,  and  if  o  is  the  same  for  both  classes  of  ions — 
N+ni 


n.  =*viv  = 


>about  2. 


Hence,  since  ni=n«  approximately,  we  should,  on  the  basis,  find  N=ni— -i.  e., 
the  number  of  small  Ions  per  cubic  centimeter  on  the  land  would  be  about  equal 
to  the  number  of  large  ions.  If  the  ions  over  the  sea  are  not  entirely  of  the 
quickly  moving  class,  an  argument  of  this  type  would  lead  to  the  conclusion 
that  tlie  number  of  large  ions  over  the  land  is  greater  than  the  number  of 
small  ions. 

It  will  thus  be  gathered  from  the  foregoing  remarks,  that  the  two  outstanding 
problems  which  are  of  primary  importance  for  the  satisfactory  clarification  of 
our  ideas  on  the  ionization  over  the  land  and  sea  are  (1)  the  problem  of 
determining  how  much  of  the  ionization  produced  in  a  closed  vessel  is  to  be 

1   Phil.  Mag.,  S.  e,  ▼.  21,  p.  84.  1911. 
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attributed  to  causes  other  tban  the  Tessel  itself,  and  (2)  tlie  problem  ot  de> 
termini  ng,  over  land  and  sea,  the  average  number  of  slowly  moving  ions  per 
cubic  centimeter. 

The  Chairman.  Dr.  Swann's  paper  is  now  before  you  for  dis- 
cussion for  a  few  minutes. 

Mr.  Humphreys.  I  should  like  to  ask  Dr.  Swann  whether  he 
knows  of  any  work  that  has  been  done  toward  determining  the  dif- 
ference in  the  number  of  large  ions  at  times  of  dust  storms  and  at 
times  when  the  atmosphere  is  apparently  very  clear,  either  on  the 
land  or  over  the  ocean,  especiaUy  after  a  storm  over  the  ocean,  which 
would  produce  spray  and  leave  a  large  salt  content  in  the  atmos- 
phere, and  whether  the  large  ions  would  be  more  numerous  then  than 
at  times  when  the  atmosphere  is  clear. 

Mr.  Swann.  I  do  not  think  they  are  formed  exactly  in  that  way^ 
but  that  after  a  rain  the  number  of  small  ions  is  increased. 

Mr.  HuMPHRETS.  Absolutely  increased  or  relatively  increased? 

Mr.  Swann.  Say  that  on  an  average  there  are  700,  at  such  times 
there  will  be  1,000.  With  regard  to  the  actual  effect  there  is  some 
difficulty.  There  is  so  much  dust  in  the  atmosphere  under  all  con- 
ditions that  if  each  dust  speck  was  attached  to  an  ion  they  would  all 
be  large  ions,  and  this,  I  think,  presents  some  little  difficulty. 

Mr.  Bauer.  I  presume  that  those  who  are  left  of  the  early  ob- 
servers of  the  Weather  Bureau  will  probably  appreciate  that  some 
progress  has  been  made  not  only  in  methods  but  also  in  the  instru- 
ments that  are  now  being  used  for  electric  observations.  That  is 
chiefly  due  to  the  fact  that  we  have  had  a  laboratory  here  in  Wash- 
ington where  it  has  been  possible  to  carry  out  laboratory  studies 
before  using  electrical  instruments  in  the  field.  Owing  to  the  lim- 
ited time.  Dr.  Swann  did  not  have  the  opportunity  to  mention 
that  we  are  now  in  the  position  of  realizing  and  carrying  out  a 
project  that  has  been  planned  for  some  time,  namely,  an  electrical 
survey  of  the  earth  along  lines  similar  to  that  of  the  magnetic 
survey  that  is  being  carried  out.  I  think  Prof.  Rowland  was  the 
first  to  bring  that  project  before  the  world  at  the  electrical  congress 
in  Paris  is  1883.  The  project  of  an  electric  survey  of  the  earth  has 
been  proposed  at  various  times,  but  invariably  the  resolution  has 
failed  to  be  adopted,  for  the  reason  that  the  statement  was  made, 
"We  do  not  know  yet  just  what  our  instrimients  are  capable  of 
Owing  to  the  various  studies  which  have  been  made  we  feel  some- 
what more  sure  of  our  results,  more  sure  of  the  indications  of  the 
instruments,  and  we  are  now  planning  a  general  electric  survey  of 
the  earth ;  not  only  of  the  ocean,  but  we  also  hope  in  the  near  future 
to  equip  our  magnetic  survey  expeditions  on  land  with  electrical 
instruments,  so  that  the  two  projects — a  magnetic  survey  and  an 
electrical  survey — ^may  go  on  at  the  same  time. 
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The  Chaibman.  I  will  ask  your  attention  next  to  a  paper  on 
**  Frost  in  the  United  States,''  by  William  Gardner  Reed,  of  the  Office 
of  Farm  Management,  United  States  Department  of  Agriculture, 
Washington,  D.  C. 


FROST  IN  THE  UNITED  STATES. 

By  WILLIAM  GARDNER  REED, 
Meteorologist,  U.  8.  Weather  Bureau,  Washington,  D.  C. 

INTBODITCnON. 

The  period  of  plant  growth  In  aU  middle  latitude  countries,  such  as  the 
United  States,  is  limited  by  the  occurrence  of  low  temperatures.  Of  these  low 
temperatures,  killing  frost,  so-called,  probably  has  the  greatest  bearing  upon 
agriculture.  A  killing  frost  may  be  defined  as  a  low-temperature  condition 
which  is  so  injurious  to  plant  tissues  that  growth  is  no  longer  possible,  even 
when  the  low  temperature  has  passed.  The  limitation  of  plant  growth  by 
frost  is  different  from  that  due  to  lack  of  energy  sufficient  to  bring  the  plant 
to  maturity.  The  frost  limitation  results  from  the  definite  destruction  of  plant 
tissues,  and  in  most  cases  when  the  growth  for  a  single  year  is  injured  by  frost 
that  year's  crop  is  destroyed. 

THS  NATURE  OV  nOST. 

Frost  conditions  have  been  classified  under  three  headings:  (1)  The  c6m- 
mon  hoar  frost;  (2)  the  dry  freeze  or  black  frost;  (8)  the  general  freeze. 
The  first  two  are  the  result  of  the  diilling  of  the  surface  air  by  rapid  radiation 
from  the  earth  to  space  and  are  essentially  local  conditions.  They  are  often 
the  result  of  widespread  controls,  but  the  temperature  in  each  locality  Is 
mainly  the  result  of  local  radiation  conditions.  The  general  freeze  is  a 
condition  when  the  temperature  of  the  whole  mass  of  air  is  dangerously 
low.  The  general  freeze  is  not  the  result  of  local  conditions,  although  the  low 
temperatures  during  a  general  freeze  are  often  intensified  by  the  local 
radiation.* 

From  the  point  of  view  of  frost  damage  and  from  the  effects  on  vegetation 
of  these  low-temperature  conditions  the  Weather  Bureau  has  made  the  follow- 
ing classification : 

Light  frost. — ^That  which  has  no  destructive  effect,  although  tender  planta 
and  vines  in  exposed  places  may  be  injured. 

Heavy  frost, — That  in  itself  severer  than  a  light  frost;  that  is,  the  deposit 
</  frost  is  heavier  and  the  temperature  falls  to  a  lower  point,  although  the 
staple  crops  of  the  locality  are  not  generally  destroyed. 

Killing  frost. — ^That  which  is  generally  destructive  of  vegetation  and  the 
staple  crop  of  the  locality.' 

>  BetiiBt  B.  A.  Forecasting  frost  in  the  north  Pacific  States.  U.  S.  Weather  Barean 
Bol.  41,  Washington,  1912,  p.  41. 

*TJ.  8.  Weather  Bnrean,  Instrument  Div.,  drcolar  B  and  C,  ed.  6,  Washington,  1915, 
9.  26. 
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The  character  of  frost,  whether  light,  heavy,  or  killing,  must  sometimes  be 
determined  by  the  phenomenon  itself,  rather  than  by  its  effect  on  vegetation  and 
the  staple  crops,  since  the  latter  may  have  passed  the  state  where  injury  was 
possible.* 

It  should  be  noted  that  there  is  some  doubt  as  to  whether  the  r^K>rted 
frosts  correspond  very  closely  with  these  definitions.  It  is  probable  that  in 
many,  if  not  most,  parts  of  the  United  States  a  killing  troat  is  regarded  simply 
as  a  temperature  condition  which  is  destructive  to  unprotected  garden  vege- 
tables. It  is  certain  that  hardy  grains  are  frequently  or  usually  not  killed  by 
temperatures  which  are  reported  as  killing  frosts.  Such  an  agricultural  classi- 
fication of  any  meteorological  phenomenon — and  the  occurrence  of  frost  must 
be  regarded  as  a  meteorological  phenomenon,  although  many  of  its  effects  are 
clearly  agricultural — is  unsatisfactory  because  it  depends  upon  the  opinion  of 
individual  observers  which  of  necessity  varies;  because  different  plants  are 
subject  to  different  amounts  of  damage  from  the  same  temi>erature  condi- 
tions; and  because  the  same  plants  are  not  equally  susceptible  to  damage  in 
different  stages  of  their  development  However,  the  agricultural  significance 
of  these  temperature  conditions  does  rest  upon  the  damage  which  results  from 
the  temperature  conditions,  and  to  that  extent  at  least  an  agricultural  standard 
is  Justified.  The  inconsistencies  in  recording  killing  frosts  are,  moreover,  not 
as  great  in  practice  as  they  would  be  if  all  observers  followed  strictly  the 
Weather  Bureau  definition.  There  are,  of  course,  many  stages  of  frost  damage 
and  whether  or  not  a  particular  frost  Is  to  be  recorded  as  "heavy"  or 
"killing"  is  largely  a  matter  of  opinion.  Many  frosts  are  clearly  killing  and 
many  are  clearly  not  killing,  but  the  frosts  which  have  the  greatest  agricul- 
tural bearing,  namely,  those  of  the  late  spring  or  early  fall,  are  often  on  the 
border  line  between  heavy  and  killing,  and  the  designation  of  these  frosts 
becomes  of  great  importance.  It  is  desirable,  therefore,  that  some  temperatuiv$ 
condition  should  be  established,  if  possible,  which  corresponds  with  the  condi- 
tions of  killing  frosts.  This  unfortunately  has  not  been  the  case  so  far, 
although  Fassig  has  adopted  an  air  temperature  of  273^  A.  (32**  F.)  as  a 
better  indication  of  the  conditions  than  the  reiwrted  killing  frosts  in  Mary- 
land.   He  says : 

Some  of  the  reasons  which  may  be  advanced  in  favor  of  the  method  of  deter- 
mining the  period  from  the  temperature  records  are  the  following : 

1.  The  temperature  is  observed  and  recorded  regularly  each  day,  and  the 
record  Is  therefore  complete  for  the  entire  season. 

2.  Frost  records  are  apt  to  be  incomplete  unless  they  occur  at  critical  periods 
In  plant  growth.  This  failure  to  record  frosts  is  particularly  noticeable  in 
records  of  spring  frosts;  stations  having  excellent  fall  records  have  often  a 
very  defective  record  of  spring  frosts.  Frosts  occurring  after  a  long  period 
of  warm  weather,  as  In  summer  or  early  fall,  are  likely  to  be  more  conspicu- 
ous events  than  the  last  of  a  series  of  many  frosts  occurring  throughout  the 
winter  and  early  spring. 

3.  In  recording  frosts  there  Is  always  a  variable  personal  factor,  opinions 
differing  as  to  the  extent  and  severity  of  the  frost,  resulting  in  the  same  frost 
being  designated  as  "  heavy  "  or  "  killing."  In  recording  temperatures,  on  the 
other  hand,  this  personal  factor  is  practically  eliminated. 

4.  There  is  a  fairly  fixed  and  uniform  relation  existing  between  the  tempera- 
ture In  the  shelter  and  the  occurrence  of  a  killing  frost  in  any  given  locality, 
and  this  factor  can  be  readily  determined  from  a  comparatively  short  series  of 
observations. 

6.  For  reasons  stated  above  a  reliable  "frostless  period"  may  be  estab- 
lished for  a  given  locality  from  a  shorter  series  of  observations  by  the  use  of  a 
temperature  record  than  by  the  use  of  a  frost  record." 

^U.  S.  Weather  Bureau;  InstmctlonB  for  preparing  meteorological  forms,  ed.  1918, 
Waahington,  1914,  p.  11. 

'  FasBlg,  O.  L. :  Period  of  safe  plant  growth  in  Maryland  and  Delaware,  [U.  S.] 
Monthly  Weather  Review,  42 :  1G2-16S,  Washington,  1914,  p.  152. 
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In  practice  many  of  the  frost  data  used  of  the  maps  presented  with  this 
paper  have  been  determined  by  the  occurrence  of  freezing  temperatures.  There 
is  a  varying  difference  in  temperature  between  the  ground  and  the  air  at  the 
height  of  the  instrument  shelter,  which  depends  upon  a  great  variety  of  condi- 
tions, among  which  are  the  state  of  the  sky,  the  humidity  (perhaps  the  amount 
of  water  vapor  is  more  important  than  the  relative  humidity),  the  air  move- 
ment, and  the  length  of  the  night  But  as  the  controls  are  also  the  controls 
of  frost,  Fassig's  statement  holds  in  most  cases. 

If  an  agricultural  standard  is  used  for  the  determination  of  ttost,  it  will  be 
found  that  these  low  temperatures  are  of  the.  greatest  concern  to  agriculture  at 
times  when  the  crops  are  in  a  condition  to  be  damaged.  The  probable  occur- 
rence of  such  damaging  conditions  limits  the  availability  of  different  portions 
of  the  United  States  as  agricultural  regions,  and  a  knowledge  of  these  condi- 
tions will  prevent  many  agricultural  failures.  The  portions  of  the  United 
States  in  which  freezing  temperatures  are  not  of  annual  occurrence  are  very 
limited.  These  are  a  part  of  the  peninsula  of  Florida,  the  immediate  Gulf  coast, 
and  a  small  area  in  southern  California  and  Arizona.  In  so  far  as  these  con- 
ditions are  regular  and  not  extended  beyond  the  usual  time  of  occurrence, 
they  are  not  to  be  feared ;  this  is  a  period  of  plant  inactivity,  herbaceous  plants 
are  not  above  the  ground,  and  trees  are  dormant.  Except  for  the  regions  men- 
tioned, frost  damage  during  the  winter  is  not  important  It  is  only  the  rare 
occurrence  of  extremely  low  temperatures  which  results  in  winter-killing,  and 
this  is  an  entirely  distinct  phenomenon,  not  to  be  confused  with  frost  damage. 

FBOST    REOOBDS. 

In  the  United  States  frost  is  of  agricultural  significance  in  different  regions 
at  different  times.  In  the  region  of  the  citrus  fruits — ^that  is,  Florida,  the 
Gulf  coast  and  southern  California — ^frost  damage  will  occur  whenever  the 
fruit  is  on  the  trees,  provided  the  tem^jerature  falls  a  few  degrees  below  freez- 
ing. Slightly  lower  temperatures  are  necessary  to  damage  the  trees,  but  the 
general  statement  that  any  freezing  temperature  is  dangerous  in  the  citrus 
region  is  not  far  from  correct.  Outside  the  citrus  region  winter  frosts  are  of 
very  little  Importance ;  it  is  the  spring  and  fall  frosts  which  become  of  interest 
to  agriculture.  Deciduous  fruit  trees  are  dormant  during  the  winter;  low 
temperatures  are  to  be  feared  only  after  growth  has  commenced.  Tlie  time 
of  danger  from  frost  to  the  deciduous  fruits  is  the  time  between  the  opening 
of  the  buds  and  the  picking  of  the  fruit  Of  course,  during  a  great  deal  of  this 
time  the  temperature  conditions  are  such  that  frosts  do  not  occur  in  regions 
where  fruit  is  grown.  The  period  of  anxiety  is,  therefore,  limited  to  the  begin- 
ning and  the  end  of  the  season  of  plant  activity;  that  is,  from  the  opening  of 
the  buds  to  the  setting  of  the  fruit  in  the  spring  and  the  period  Just  before 
picking  in  the  autumn.  Other  crops  than  fruit  are  subject  to  varying  amounts 
of  damage  by  frost.  Temperatures  not  many  degrees  below  freezing  are 
destructive  to  most  crops  except  the  hardy  grains,  and  successful  agriculture 
can  not  be  carried  on  except  in  regions  where  the  time  between  the  last  killing 
frost  in  spring  and  the  first  killing  frost  in  autumn  is  as  long  or  longer  than 
the  normal  period  of  growth  required  by  the  plants. 

The  agricultural  Importance  of  frost  data  can  hardly  be  overemphasized, 
since  the  character  of  the  farming  in  any  region  is  dependent  upon  the  time 
between  killing  frosts.  This  does  not  mean  that  the  time  between  killing  frost 
is  the  only  consideration,  but  that  the  period  available  for  plant  growth  is 
limited  to  this  time.  There  are  often  other  limiting  conditions,  such  as  lack 
of  heat  in  sufficient  amounts  to  permit  plants  to  reach  maturity.  These  other 
68486— VOL  n— 17 38 
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conditions  may  prevent  the  growth  of  all  the  crops  which  would  appear  possible 
from  the  length  of  the  season  between  killing  frosts,  bat  the  length  of  the 
season  is  to  be  regarded  as  a  very  Important  and  very  definite  limitation.  It 
is,  of  course,  possible  to  protect  crops  from  frost  damage,  but  this  protection 
can  profitably  be  carried  on  only  within  very  narrow  limits.  Protection  is 
always  obtained  at  considerable  expense,  and  unless  applied  to  a  high-value 
crop  is  seldom  Justified  by  the  returns.  Thus  protection  from  damage  by  frost 
is  to  be  regarded  as  a  type  of  the  most  intensive  methods  of  cultivation,  wliich 
can  profitably  be  resorted  to  only  for  such  crops  as  fruits  and  vegetables  where 
the  value  is  concentrated  and  where  the  profits  from  cultivation  out  of  the 
natural  season  or  out  of  the  natural  region  are  great  As  a  type  of  cultivation 
out  of  the  natural  season,  various  garden  vegetables  grown  particularly  in  the 
spring  may  be  noted,  and  the  extension  of  orange  culture  Into  colder  regions 
is  a  good  example  of  a  type  of  production  out  of  a  natural  region.  Both  of 
these  types  of  extension  are  apt  to  enlarge  the  profits ;  vegetables  reaching  the 
market  early  command  high  prices,  the  best  oranges  are  grown  at  the  very 
limits  of  the  possible  orange  regions/  but  it  Is  only  in  such  conditions  as  these 


Fio.  1.— From.U.  8.  Weather  Bnmn:  InstnioUoiis  for  preparing  meteorologlMU  fonu. 

that  frost  protection  is  at  all  Justified.  It  must  be  looked  upon  as  an  insurance 
charge  which  the  crop  must  carry  in  addition  to  its  value,  and  only  increased 
profits  can  Justify  this  charge.' 

THE  OCCUBRENCB  OF  FB08T  IN  THE  UNmCD  STATES. 

Except  in  a  limited  region,  frost  is  an  annual  phenomenon  throughout  the 
United  States.  The  length  of  the  season  between  the  last  killing  frost  in  spring 
and  the  first  killing  frost  in  ftiU  decreases  within  increasing  latitude.  Figure  1 
shows,  in  a  general  way,  the  conditions  of  spring  frost.  This  map  was  prepared 
by  the  Weather  Bureau  as  a  guide  to  Its  officials  In  recording  frosts  in  the 

^  Colt,  J.  E.    CitniB  fmits,  N.  Y.,  Biacmillaii,  1915,  p.  25. 

«  See  Eeed,  W.  O. :  Protection  from  damage  by  frost  Geographical  Review,  1 :  110-122, 
New  York,  1916. 


Digitized  by  VjOOQIC 


ASTRONOMY,  METEOROLOGY,  AND  SEISMOLOGY.  597 

spring.  It  is  intended  that  the  last  killing  frost  in  any  year  shall  be  recorded 
by  each  regular  Weather  Bureau  station.  It  is  not,  however,  desired  to  record 
frost  every  day  during  the  winter.  The  map,  therefore,  represents  a  compromise 
between  these  two  ideas.  The  most  significant  thing  about  this  map  is  the  fact 
that  it  shows  clearly  that  while  the  last  killing  frost  in  spring  along  the 
Gulf  coast  and  in  California  may  occur  at  any  time,  the  date  of  this  last  frost 
becomes  later  and  later  until  in  a  considerable  portion  of  the  country  there  is 
•little  or  no  possibility  of  the  last  killing  frost  occurring  before  May  1.  In 
the  fall  the  problem  is  simpler,  as  the  dates  of  light  and  heavy  frosts  are 
recorded,  and  that  of  the  first  killing  frost  only,  after  which  no  frost  is  recorded. 
The  temperatures  dangerous  to  growing  plants — ^that  is,  temperatures  which  are 
recorded  as  killing  frosts — are  usually  those  associated  with  the  types  known 
as  "hoar  frost"  and  "black  frost"  The  "general  freeze,"  which  is  a  winter 
weather  type,  and,  although  not  usually  found  at  the  beginning  and  end  of  the 
warmer  season,  is  occasionally  destructive  to  plants  in  the  spring  or  fall. 

The  frost  conditions  of  spring  and  fall  are  mainly  the  result  of  locral  nocturnal 
cooling  under  the  clear  sky  conditions  accompanying  anticyclones.  The  weather 
conditions  which  precede  and  accompany  frost  in  the  various  sections  of  the 
United  States  are  closely  associated  with  the  progressive  movement  of  these 
areas  of  high  pressure.  East  of  the  Rocky  Mountains  the  general  movement 
of  these  anticyclones  is  from  the  northwest  to  the  southeast  As  a  rule  the 
area  in  which  frost  occurs  Is  southeast  and  a  little  In  advance  of  the  area 
of  high  pressure. 

It  Is  frequently  possible  to  follow  the  advance  of  frost  conditions  across  a 
large  portion  of  the  eastern  United  States.  The  frost  probability  is  successively 
transferred  eastward  with  considerable  overlapping  of  the  areas  visited  by 
frost  from  day  to  day.  Generally  the  eastern  portion  of  the  area  visited  by 
frost  one  day  will  receive  a  second  visitation  on  the  following  day.  Studies 
of  the  occurrence  of  frost  by  the  forecast  ofilclals  of  the  Weather  Bureau  are 
grouped  about  the  anticyclone  as  a  unit  rather  than  about  any  geographical  dis- 
trict, since  frost  may  occur  from  rather  widely  varying  conditions  of  the 
cyclone  with  respect  to  any  particular  district.* 

Frost  west  of  the  Rocky  Mountains  may  be  regarded  as  a  somewhat  siilipler 
problem  than  that  in  the  eastern  United  States.  Frost  forecasting  in  the 
Pacific  Northwest  has  been  adequately  discussed  by  Beals.'  In  the  Pacific 
Northwest  frosts  are  Intimately  associated  with  the  existence  of  an  anti- 
cyclone over  the  states  of  Washington,  Oregon,  and  Idaho.  The  extension  of 
this  anticyclone  over  the  Pacific  Ocean  seems  to  make  very  little  difPerence  as 
long  as  a  portion  overlies  the  land.  In  other  words,  the  transfer  of  air  from 
the  continent  toward  the  ocean  seems  to  be  of  relatively  little  Importance. 
This,  however,  is  not  the  case  with  the  occurrence  of  frost  in  California. 
While  there  are  numerous  minor  variations  of  the  troat  type  for  California 
and  Nevada,  the  essential  features  of  this  weather  type  are  exceedingly  simpla 
An  anticyclone  overlies  some  portion  of  the  Basin  Region  accompanied  by  the 
usual  outflowing  winds.  This  gives  the  State  of  California  easterly  and  north- 
easterly winds  for  24  to  86  hours  before  frost  occurs.  Under  these  conditions 
the  air  is  apt  to  be  clear  and  dry,  and  often  a  great  deal  of  cold  air  has  been 
transferred  from  the  colder  continental  interior.  As  long  as  the  wind  con- 
tinues to  blow  this  air  will  usually  be  so  well  mixed  that  local  radiation  will 

^The  writer  is  indebted  to  the  forecast  officials  of  the  U.  8.  Weather  Bureau  for  this 
statement  of  frost  occurrence. 

'  Beals,  B.  A. :  Forecasting  frost  in  the  north  Pacific  States,  U.  S.  Weather  Bnrean. 
Bui.  41,  Wasbhigton,  1912. 
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not  be  able  to  effect  much  further  cooUng,  but  if  the  wind  falls  off,  cooling  by 
Dight  becomes  of  the  utmost  importance.' 

The  fact  that  frost  conditions  are  generally  associated  with  anticyclones  is 
of  great  agricultural  significance.  The  anticyclone  is  characteristically  ac- 
companied by  clear  weather ;  in  fact,  troet  conditions  are  essentially  those  of 
clear  nights.  The  same  atmospheric  conditions  which  result  in  clear  frosty 
nights  are  also  those  of  bright  sunny  days,  so  that  days  somewhat  warm  for 
the  season  frequently  occur  at  the  same  time  as  nights  with  frost.  These 
days  encourage  the  plants  to  carry  on  their  activities  of  growth  with  the  result- 
ing new  and  tender  tissues.  With  the  rapid  nocturnal  cooling  by  radiation 
from  the  plant  and  from  the  lower  air,  the  plant  Juices  are  apt  to  be  frozen 
and  the  plants,  especially  the  new  tissues,  are  often  damaged.' 

FBOST    DAMAQB. 

The  mechanism  of  frost  damage  Is  complicated  and  not  very  well  understood. 
The  following  general  discussion  shows  the  present  state  of  knowledge : 

Once  it  was  supposed  that  frost  injuries  were  due  directly  to  the  formation  of 
ice  in  the  cells;  the  expansion  of  water  in  freezing  was  thought  to  burst  the 
cell  walls,  Just  as  it  bursts  the  water  pipes  in  our  houses  in  severe  weather. 
This  plausible  theory  was,  however,  disproved  by  examination  of  freezing  plant 
tissues  under  the  microscope.     The  process  that  ordinarily  occurs  Is  this: 

Ice  forms  not  in  but  between  the  cells,  and  in  so  doing  gradually  extracts 
the  water  from  the  latter  through  the  cell  walls.  There  are  two  ways  in  which 
this  loss  of  water  may  kill  the  protoplasm  of  the  cell,  and  opinions  are  still 
divided  among  plant  physiologists  as  to  which  is  the  more  important  one. 

The  belief  that  was  generally  entertained  a  few  years  ago  was  that  the 
desiccation  of  the  cell  contents  caused  a  collapse  of  the  protoplasm,  and  that 
whether  or  not  this  collapse  was  permanently  Injurious  depended  especially 
upon  whether  the  water  was  all  restored  to  the  cell  in  the  subsequent  thaw. 
If  the  temperature  rose  gradually  the  water  would  have  time  to  soak  back 
through  the  cell  wall,  and  the  protoplasm  would  resume  Its  normal  condition. 
In  a  rapid  thaw  the  cells  would  not  be  able  to  take  up  the  water  as  fast  as  it 
was  furnished,  much  of  the  water  would  escape,  and  the  structure  of  the  proto- 
plasm would  be  permanently  broken  down  and  destroyed. 

A  more  recent  view  Is  that  the  Injury  Is  purely  chemical ;  the  loss  of  water 
causes  a  concentration  of  the  salt  solutions  in  the  cell,  and  these  attack  and 
"precipitate"  the  proteins — a  process  too  complicated  to  explain  here  in  detail 
Suffice  it  to  say  that,  according  to  this  view,  the  death  or  survival  of  the  tissues 
depends  upon  the  length  of  time  the  concentration  of  the  cell  sap  continues  and 
not  upon  the  rate  of  subsequent  thawing. 

We  have,  then,  two  rival  theories  of  frost  injury:  According  to  one  the 
damage  is  done  chiefly  after  the  actual  freezing  is  over,  and  may  be  avoided 
if  the  temperature  rises  slowly ;  according  to  the  other  the  injury  occurs  during 
the  frozen  state,  and  depends  upon  the  duration  of  that  state. 

Perhaps  horticultural  writers  have  generally  laid  too  much  emphasis  upon  the 
importance  of  gradual  defrosting.    Thus  it  has  been  commonly  stated  that  wlnd- 

^See  McAdie,  A.  Q. :  Froet  flghtiiig,  U.  &  Weather  Bureau  BoL  29,  Washingtoo, 
1900 ;  "  Froet  **  in  the  Climatology  of  California,  U.  8.  Weather  Bnrean  Bui.  li :  227-237, 
Washington,  1908;  and  elsewhere. 

>For  more  detailed  statements  of  the  conditions  nnder  which  frosts  occur  see  U.  S. 
Weather  Bareau :  Weather  forecasting  in  the  United  States,  pp.  177-215,  Waahlngton. 
1916. 
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breaks,  covers,  and  other  devices  to  shield  buds  or  blossoms  from  the  direct  rays 
of  the  rising  sun  after  a  night  of  frost  will,  unless  the  frost  has  been  very 
severe,  save  the  fruit  by  preventing  a  too  rapid  rise  of  temperature.  A  certain 
amount  of  evidence  recently  accumulated  throws  some  doubt  upon  the  necessity 
for  such  precautions.  For  example,  during  the  frost  of  December  26,  1911,  in 
southern  California,  when  several  million  dollars'  worth  of  citrus  fruit  was 
damaged,  it  is  stated  that  at  one  point  the  temperature  rose  24**  in  two  hours 
without  injury  to  the  fruit.  The  results  of  experiments  made  by  the  Bureau, 
of  Plant  Industry  in  a  cold-storage  warehouse  where  oranges  were  allowed  to 
thaw  out  under  various  conditions  after  having  been  kept  at  low  temperatures 
are  reported  as  follows : 

The  length  of  time  the  fruit  remains  in  a  frozen  condition  has  a  very  material 
effect  upon  its  condition  after  thawing  out  There  is  apparently  an  optimum 
temperature  for  thawing  the  frozen  fruit  with  the  least  resultant  injury.  If 
the  thawing  is  done  too  slowly  the  fruit  is  injured  more  than  where  a  some- 
what higher  defrosting  tenaperature  is  used  and  the  thawing  accomplished 
more  quickly.  On  the  other  hand,  it  was  found  that  quick  defrosting  was 
more  injurious  than  slow  defrosting,  so  that  It  appears  probable  that  through 
experiment  the  defrosting  temperature  which  would  be  most  effective  could 
be  detern)ined. 

In  other  words,  both  the  duration  of  the  frozen  state  and  the  rate  of 
defrosting  are  important  in  determining  the  fate  of  the  fruit;  but  while  slow 
defrosting  is  desirable,  it  should  not  be  too  slow.  It  is  assumed  here  that 
what  applies  to  the  mature  fruit  of  the  cold-storage  experiments  also  applies 
to  the  earlier  stage  of  bud  and  blossom,  though  in  the  latter  case  the  process 
is  doubtless  complicated  by  the  effects  of  cold  upon  the  fertilization  of  the 
ovary  and  the  consequent  setting  of  the  fruit. 

Evidently  much  more  investigation  is  needed  concerning  the  nature  of  frost 
effects  within  the  i)lant.  However,  there  appears  to  be  at  least  one  practical 
corollary  to  the  foregoing  information:  Even  if  orchard  heating  has  been 
delayed  until  after  freezing  temperatures  have  set  in  there  may  still  be  time 
to  save  the  fruit  The  utility  of  any  information  that  may  be  gained  in  regard 
to  the  ideal  conditions  of  defrosting  is  problematical,  for  it  is  not  easy  to 
see  how  such  knowledge  could  generally  be  applied  In  the  orchard. 

Now,  we  come  to  the  important  subject  of  frost  resistance.  Here,  also, 
much  work  remains  to  be  done,  and  it  is  the  duty  of  the  practical  horticul- 
turist as  well  as  the  scientist  to  help  in  the  common  cause. 

CJomparatively  little  Information  has  been  collected  so  far  as  to  the  tem- 
peratures that  various  species  and  varieties  of  cultivated  plants  will  endure 
for  an  indefinite  period  without  injury.  Such  information  can,  at  best,  be 
stated  only  in  averages,  because  in  the  case  of  a  given  variety  its  ability  to 
withstand  cold  depends  somewhat  upon  the  weather  conditions  previous  to 
the  freeze.  Thus,  as  has  been  pointed  out,  a  few  days  of  warm  weather, 
together  with  an  ample  supply  of  soil  moisture,  will  cause  the  newly  formed 
cells  of  the  blossoms  and  fruits  to  be  filled  with  a  watery  protoplasm,  or  cell 
sap,  which  freezes  more  readily  than  concentrated  cell  sap. 

Moreover,  individual  plants  of  the  same  variety,  grown  under  apparently 
Identical  conditions,  vary  somewhat  in  their  resistance  to  cold.  Nevertheless, 
average  statements  on  this  subject  are  exceedingly  valuable,  because  the 
orchardist  is  chi^y  int«*e8ted  in  knowing  what  will  happen  in  the  long  run, 
in  the  orchard  as  a  whole,  and  need  not  concern  himself  with  sporadic  cases. 
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An  authority  gives  the  following  table  showing  the  temperatures  (Fahren- 
heit) injurious  to  fruit  at  various  stages. 


In  bod. 

111 
blcMom. 

iBWi- 

tinsfrutt. 

AtoOMT 
ttanM. 

AlmoDds _-.„,„.,,--,- 

9B 
27 
80 
39 
39 
28 
80 
80 

80 
39 
81 
80 
80 
29 
31 
81 

80 
80 
81 
80 
80 
29 
SI 
81 

ApplM    

Apiioots 

CnerriM 

Peaobes 

P«ara 

PlniTif 

PrniiM 

The  first  column  refws  to  buds  about  ready  to  open, 
buds  can,  of  course,  stand  far  \ow&c  temperatures.^ 


In  their  earlier  stages 


THK  FROST  DATA  OT  THS  XJNITBD  8TATV8. 

The  records  of  frost  occurrence  in  the  United  States  are  numerous,  altliough 
not  as  complete  as  might  be  wished.  There  are  records  three  years  or  more  in 
length  for  nearly  5,000  stations;  these  records  have  been  made  under  the 
direction  of  the  Weather  Bureau  and,  taken  altogether,  are  a  mass  of  data  of 
inestimable  value.  Of  these  5,000  or  more  records,  there  are  about  700  which 
have  been  continued  for  more  than  20  years.  These  data  have  made  possible 
the  compilation  of  maps  of  the  dates  of  frost  occurrence  over  the  eastern 
United  States.* 

Where  the  stations  at  which  frost  is  recorded  are  located  near  (»ne  anothe* 
the  official  data  are  sufficient  to  enable  isochronal  lines  to  be  drawn  with  con- 
siderable accuracy,  especially  if  the  region  is  not  one  of  broken  topography. 
This  is  the  condition  to  be  found  in  much  of  the  eastern  United  States,  and 
it  is  probable  that  the  addition  of  new  data  will  make  possible  only  minor 
Improvements  In  the  lines  already  drawn  for  this  region.  In  a  mountainous 
region  such  as  the  western  United  States,  however,  the  condition  Is  quite 
different.  Here  stations  are  widely  separated,  and  there  are  often  high  moun- 
tains or  deep  canyons  between  stations  relatively  near  together,  so  that  the 
conditions  at  the  stations  are  in  many  cases  only  local.  A  further  difficulty 
arises  from  the  fact  that  most  of  the  stations  In  the  western  United  States  are 
located  in  the  more  favored  places  where  farming  Is  possible,  rather  than  In 
places  which  may  be  regarded  as  characteristic  of  the  whole  region.  It  is, 
therefore,  necessary  to  supplement  the  recorded  dates  of  frost  by  other  data 
unfortunately  less  subject  to  statistical  treatment  These  data  are  topography 
and  records  of  crops  and  natural  vegetation.  The  hardiness  of  many  types  of 
vegetation  is  known  rather  accurately,  and  a  study  of  the  vegetation  which  is 
able  to  maintain  itself  in  any  particular  region  gives  a  good  idea  of  the  char- 
acter of  the  temperature  conditions.  It  is  also  true  that  altitude  has  an  impor- 
tant effect  on  temperature.    The  last  killing  frost  In  spring  becomes  later  \iith 


^  Frazer,  Calvin :  The  frost  problem  op  to  date.  Country  Gentleman,  79 :860.  Phlla- 
delpbU,  1014. 

In  thi$  connection  see  al90  Chandler,  W.  H. :  The  killing  of  plant  tlmie  by  low  tempera- 
ture.   Missouri  Agr.  Bzp.  Sta.  Research  Bui.  8,  Columbia,  1018. 

<  See  Greeley,  A.  W. :  American  Weather,  New  York,  Dodd,  Mead  &  Co.,  1888,  charts 
22-28 ;  Day,  P.  C. :  Frost  data  of  the  U.  S.,  U.  S.  Weather  Bureau  Bui.  V,  Washington. 
1011 ;  also  Reed,  W.  G.,  and  Feldkamp,  C.  L. :  A  selected  bibliography  of  froRt  In  the 
United  States,  U.  S.  Monthly  Weather  Review,  4t :  612-617,  Washington,  1016. 

A  new  series  of  frost  maps  will  appear  in  the  Atlas  of  American  Agriculture  now  In 
preparation  by  the  United  States  Department  of  Agriculture. 
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increasing  elevation,  other  things  being  eqnal,  and  the  first  killing  frost  in  fall 
becomes  earlier. 

Therefore,  these  data  may  be  used  to  supplement  the  official  records  where 
the  stations  are  far  apart  or  not  well  situated,  but  only  when  they  are  wisely 
and  conservatiyely  used,  especially  as  slope  and  the  presence  of  valleys  often 
result  in  local  warm  and  cool  spots  not  dependent  upon  the  altitude.  It  should 
be  very  clearly  noted,  moreover,  that  it  is  exceedingly  easy  to  make  inaccurate 
use  of  data  other  than  the  official  record  of  a  well-conducted  climatological 
service.  In  practice  it  has  been  deemed  best  to  map  at  the  proper  location 
the  frost  data  reported  by  the  Weather  Bureau  and  to  consider  these  records 
as  of  primary  Importance.  No  record  has  been  neglected  except  those  of  a 
few  stations  reported  by  the  section  directors  of  the  Weather  Bureau  as  un- 
reliable records  or  stations  with  extremely  local  conditions,  and  in  cases  of  ap- 
parent conflict  between  the  record  and  the  botanic  or  topographic  data  the 
record  has  been  followed.  The  exact  course  of  the  isograms  between  stations 
has,  moreover,  been  determined  by  all  the  data  available,  which  include  topo- 
graphical, botanical,  and  agricultural  material,  as  well  as  the  Weather  Bureau 
records.  Frost  data  for  selected  stations  with  longer  records  are  given  in 
Table  I.  These  stations  represent  a  fair  sample  of  the  frost  conditions  in  the 
country.  More  extended  frost  data  can  be  found  in  Bulletin  W  of  the  Weather 
Bureau.* 

While  the  actual  record  of  the  occurrence  of  frost  dangerous  to  crops  is  the 
best  guide  at  a  particular  station,  these  data  become  so  numerous  that  it  is 
not  possible  to  use  them  for  wide  areas.  For  a  particular  station  in  a  given 
year  it  is  probably  essential  to  know  only  the  last  date  in  sq[>ring  and  the  first 
date  in  fall  on  which  killing  frosts  have  occurred  in  each  year.  For  a  series 
of  years  and  for  many  stations  these  data  become  hopelessly  numerous,  and 
some  statistical  method  of  reducing  the  number  of  dates  without  destroying 
the  value  from  the  longer  periods  covered  must  be  devised.  The  simplest  of  all 
such  methods  is  that  of  averaging  the  dates.  It  is  perfectly  possible  to  deter- 
mine the  "  average  date  of  last  killing  frost "  in  spring  by  simple  arithmetical 
methods.  The  date  thus  obtained  is  that  on  or  before  which  the  last  killing 
frost  has  occurred  in  about  half  the  years  for  which  there  is  a  record.* 

The  "average  date  of  the  first  killing  frost"  in  fall  may  be  similarly  ob- 
tained. The  average  length  of  the  season  without  killing  frost— that  is,  the 
time  available  for  plant  growth,  provided  the  whole  season  can  be  used — may 
best  be  obtained  by  the  difference  between  the  average  spring  date  and  the 
average  autumn  date. 

>  United  States  Weather  Bureau,  Sninmary  of  the  dimatological  data  of  the  United 
States,  by  sections,  Washington,  1012. 

'Strictly  speaking,  the  median  date  is  that  before  which  the  last  killing  frost  has 
occurred  in  half  the  years.  However,  a  count  of  828  cases  shows  that  404  occurred 
before  the  average  date,  896  after  the  average  date,  and  28  on  the  average  date.  The 
median  and  the  average,  therefore,  fall  on  the  same  date.  This  is  the  case  when  the 
distribotion  of  the  dates  follows  the  normal  carve  in  which  the  averags,  the  median* 
and  the  mode  coincide. 
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Table  1. — Summary  of  fro4t 


Stfttko. 


Alabama: 

Bflminda. 

UnJontowiu 
Arlxona: 

Holbrook. 

Yuma..... 
ArlcaiMas: 

Carndsn. 

Fort  Smith. 
Oalifornla: 

Georgetown 

Rivwrside.. 

Sacramento... 

Santa  Barbara 

Wheatland. 
CSolorado: 

Denver. 

Pueblo. 
Connecticut 

Gant<m. 

New  Haven. 

Waterbury. 
Delaware: 

Millsboro. 
Florida: 

Jacksonville. 

Pensacc^ 
Georgia: 

Point  Peter 

Poulan. 
Idaho: 

Bolae. 

Porthni 
nilnols: 

Aurora. 

Peoria. 

Phllo. 


Logansport. 

Vevay. 
Iowa: 

Des  Moines. 

Keokuk. 
Kansas: 

Ashland. 

Dodge  City. 

Horton.. 

Independence 

Topeica.. 

Wichita. 
Kentucky: 

BowUng  Green. 

Mount  Sterling. 
Louisiana: 

Donaldson  vUle. 

Liberty  Hm 
Maine: 

Cornish 

Eastport 

FarmhigtOQ. 
Maryland: 

Cumberland 

Emmitsburg 

Fallston 

Frederick... 

Great  Falls.. 

New  Market 

Washington,  D.  C. 

Woodstock. 
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records  for  selected  atatiotu. 


First  kflUng  frost  in  aatmnn. 


Number  of  oonsecatiTO  dajrs  witlioat 
killing  frost. 


Yean 
of 


«27 

■  as 

87 

122 
88 

125 
124 
131 
125 
26 

42 

27 

80 
42 


Ayorage 
date. 


10 


Nov.  6 
Nov.  10 

Oct.  16 
Deo.  21 

Nov.  8 
Nov.    6 

Nov.  15 
Dec.  8 
Nov.  27 


Dec.    2 


Oct. 
Oct. 


Oct.  8 
Oct.  21 
Oct.     6 


22  I  Oct.   20 

50    Dec.    6 
35  I  Dec.    9 

125  Oct.  30 
25     Nov.    7 

130     Oct.   14 
1 21     Sept.  27 

1 27  Oct.  7 
59  Oct.  19 
22     Oct.     8 

Oct.   18 
Oct.  28 


87 
48 

20 
40 
26 
88 
28 
27 

121 
22 

22 
24 

140 

140 

25 

129 

186 

86 

20 

181 

126 

48 

41 


Oct.  10 
Oct.  15 

Oct.  20 

Oct.  18 

Oct.  15 

Oct.  22 

Oct.  15 

Oct.  20 

Oct.  18 
Oct.   17 

Nov.  28 
Nov.    4 

Oct.  2 
Oct.  28 
Sept.  20 


Earliest  date. 


1806-1014. 
12 


Oct.   21,1913 
do 

Sept.  22, 1896 
•Nov.  25,1908 


9-10 
years. 


11 


Oct.   24 
Oct.   25 

Sept.  29 
Nov.  25 


Oct.  16  Oct.  14,1907 
Oct.   23     Oct.   22,1898 

Oct.  24  «Oct.  15,1897 
Nov.  11  I  Nov.  12,1904 
Nov.  2  Nov.  11, 1911 
Dec.  8  Nov.  28,1910 
Nov.  11     Nov.    4,1805 

Sept.  22  Sept.  12,1902 
Sept.  28   do 

Sept.  22 
Oct.  9 
Sept.  22 

Oct.     9  I  Oct.     2,1895 

Nov.  14  I  Nov.  13,1906 
Nov.    8  I  Oct.   27, 1898 

Oct.  16  Oct.  11,1906 
Oct.   24     Oct.   21,1913 

Sept.  27  Sept.  22, 1896 
Sept.  14    Sept.  13, 1007 

Sept.  22  Sept.  20, 1896 
Oct.  6  Oct.  5,1901 
Sept.  16    Sept.  13,1902 

Sept.  27  Sept.  21, 1897 
Oct.     8  !>  Sept.  80, 1895 


Sept.  15, 1913 
Oct.  2, 1899 
Sept.  14, 1911 


Sept.  25 
Sept.  29  I 


Oct. 

..do.. 

Oct. 

Oct. 

Oct. 

Oct. 


Oct. 
Oct. 

Nov.  8 
Oct.  19 

Sept.  20 
Oct.  9 
Sept.  7 


Oct.  21 
Oct.  27 
Oct.  20 
Oct.  24 
Oct.  19  I  Oct. 
Oct.  22  I  Oct. 

..do 1  Oct. 

Oct.  14     Oct. 


Oct. 
Oct. 
Oct. 
Oct. 


Sept.  22,1918 
do 

Sept.  26,1912 
Sept.  23, 1306 
S^t.  17, 1901 
Sept.  26,1912 
Sept.  29,1899 
Sept.  23, 1896 

Sept.  80,1899 
do 

Oct.  27,1898 
Oct.  14,1907 

Sept.  10,1918 
Sept.  22,1904 
Sept.  6,1896 


Sept.  29, 
Oct.  7, 
Oct.  8, 
Sept.  23, 
Oct.  1, 
Sept.  22, 
Oct.  2, 
Sept.  28, 


1914 
1899 
1899 
1904 
1809 
1904 
1809 
1904 


Since  begln- 
ing  of  record. 

18 


Oct.  21,1913 
do 

Sept.  22,1895 
Nov.  17,1880 

Oct.  14,1907 
Oct.  16,1893 

Oct.  15,1897 
Nov.  12,1904 
Oct.  17,1803 
Nov.  28, 1910 
Nov.  4,1805 

Sept.  12,1902 
do 

Sept.  15, 1913 
Sept.  30, 1888 
Sept.    7,1888 

Oct.     2, 1896 

«Nov.  12,1892 
Oct.  27,1898 

Oct.  11,1906 
Oct.  21,1913 

Sept.  22,1896 
Sept.  18, 1907 

Sept.  17, 1890 
Oct.  1,1856 
Sept.  13,1902 

•Sept.  21, 1887 
•Sept.  80, 1805 

Sept.  18, 1800 
Sept.  18, 1876 

Sept.  26, 1912 
Sept.  28, 1896 
Sept.  17,1901 
Sept.  26, 1912 
Sept.  28,1888 
Sept.  28, 1895 

Sept.  80, 1899 
do 

Oct.  27,1898 
Oct.   14,1907 


Sept. 
Sept. 
Sept. 


10,1918 
22,1904 
6,1896 


Sept.  6,1892 
•Oct.  7,1883 
Oct.  3,1899 
Sept.  23, 1904 
Oct.  1,1899 
Sept.  22, 1904 
Oct.  2,1809 
Sept.  28,1904 


Years 

of 
record. 


14 


126 
25 

124 
87 

22 
83 

126 
124 

31 
125 

26 

42 
26 

30 
42 


121 

59 
85 

125 
24 

183 
121 

126 
59 
22 

123 
26 

86 
48 

26 
40 
25 
38 


121 
22 

22 
28 

140 

■40 

25 

120 

■83 

86 

26 

lio 

126 
42 

41 


181 

297 
288 

211 
232 

170 
139 

155 
188 
155 

109 
184 

170 
188 

186 
182 
179 
191 
188 
193 

182 
188 

200 
226 

US 
178 
126 

UO 
190 
182 
180 
184 
186 
196 
180 


156 

237 
230 

184 
195 

182 
102 

122 
160 
120 

136 
155 

187 
152 

146 

153 
150 
153 
152 
160 

168 
167 


189 

128 
153 

96 

167 
178 
162 
166 
164 
162 
168 
168 


Shortest  number 
of  days. 


164—1906 

262-1914 
247—1898 

182-1907 
186—1910 

98—1805 
80—1900 

126—1806 
152—1906 
118-1897 

142—1907 
189-1806 

141—1806 
16^-1900 

184—1907 
166—1907 
•150—1907 
154—1906 
164—1900 
164—1900 

140-1896 
138—1895 

227—1899 
186—1910 

•  110-1910 
160-1004 
07-1890 

168-1018 
164—1906 
164-1906 
1 164— 1904 
164—1906 
188^1904 
178-1904 
164-1904 


125—1906 
142-1884 
118—1888 

164—1906 

230-1894 
227—1894 

182—1907 
186-1910 

9fr-1896 
80-1900 

126—1896 
152—1906 
118-1897 

14^-1907 
189-1896 

119-1880 
189-1876 

•184—1894 
14»-1891 

•150-1907 
141—1894 
141—1894 
163-1802 

140-1896 
188-1806 

227—1890 
186-1910 

•  110-1910 
160-1904 
80-1892 

188-1891 
164—1906 
180-1804 

•  164-1904 
164—1906 
183-1004 
161—1888 
168-1882 


•  And  also  later  years. 
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Stetson. 


Miwm  til  lint  (B 

Blue  HiU  Ohmrr*Y 

CoQoord 

Hiddleboro 

MOQBOIl 

New  Bedford... 

Somflrset 

Wflstboro 

Wmiamstown... 


Comity. 


Mldijcan: 
Aipfloi 


Alpfloa. 

Graad  Rapidi 

KalamaEOo. 

8aci]tSt«.  Mario.. 

ThornvUlo 

ICInncsota: 

Bird  Island 

Crookston. , 

Moorfaoad 

Pine  Rlvar  Dam., 

WiimiblKoahlah... 
MiaBiasippl: 

BroQkhaytn 

OrecnylUe 

Utasoorl: 

Conception 

Lebanon 

Liberty 

Mexico. 

Montana: 

Crow  Agency 

Havre 

Helena 


Poplar 

Nebraska: 

Hay  Sprlnxs 

North  TlaJle.... 

Omaha 

Valentine 

Nevada: 

Carson  City 

Reno 

Wlmiemucca.... 
New  Hampshire: 

Newton 

Plymouth 

New  Jersey: 

AUanUcaty... 

Charlotteburg. . . 
New  Mexico: 

Agrlcoltural  College 

Santa  Fe 

New  York: 

Ithaca , 

Perry  City 

North  Carolina: 

Chapel  HiU 

Lenoir 

Weldon 

North  Dakote: 

Bismarck 

Buford ! 

Pembina 

Ohio: 

Granville 

Marietta 

New    Alexandria 

Portsmouth 


Norfolk.... 
Middlesez.. 
Plymouth. . 
Hampden.. 

Bristol 

do 

Worcester.. 
Berkdilra.. 


Alpena. 

KeSTT. 

Kalamasoo.. 
Chippewa... 
Lapeer 


Renville... 

Polk 

Clay . 

Crow  Wing.... 
Itasca 


Lincoln 

Washington.. 


Nodaway. 
Ladede... 


Clay 

Auoraln.. 

B^om.. 


Lewis      and 

Clark. 
Sheridan 


....do.., 
Lincoln. 
Douglas.. 
Cherry.., 


Ormsby 

Washoe 

Humboldt... 

Rockingham. 
Qrafton 


Atlantic. 
Passaic.. 


Dona  Ana.. 
Santa  Fe... 


Tompkins. 
Schuyler... 


Orange... 
CaldweU. 
Halifax.. 


Burleigh.. 
Williams.. 
Pembina.. 


Licking 

Washington.. 

Jefferson 

Scioto 


1S9 
6S 

430 
88 


711 


707 
056 

614 
075 

1,080 

888 

086 

1,351 

1,800 

600 

138 

063 

1,366 

884 

707 

3,041 
3,487 
4,110 

3,030 

3,831 
3,831 
1,103 
3,608 


LMt  kmiBff  ftait  IB  aprteg. 


Tea 

of 


ord. 


136 
500 

16 
710 

3,863 
7,013 


1,088 

600 

1,186 

81 

1,674 

1,044 

780 

060 

637 

1,060 

637 


37 

138 

37 

37 

180 

41 

40 

188 

40 

130 

186 

36 

86 

35 
35 
84 
38 
137 

123 
94 

31 

137 
35 


183 
33 
36 

138 


130 
43 
36 


,730 
4,600        27 
4,301      136 


36 
37 

130 
33 

33 
140 

135 
36 

130 
40 

37 

40 
125 
132 

136 
30 
37 
30 


Apr.  ao 

uSkj  0 

May  18 
May  14 
Apr.  16 
A  pr.  30 
Mf^  7 
May    8 

May  14 

Apr.  36 
Apr.  37 
May  16 
Apr.  27 

May  13 

May  16 

May  14 

May  16 

May  13 

Mar.  18 
Mar.  19 

Apr.  18 
Apr.  16 
Apr.  18 
Apr.  17 

May  16 
May  16 
May    0 

May  14 

May  13 
May    3 

Apr.  16 
May    6 

May  31 
May  14 

May  17 

May  22 
May  23 

Apr.  13 
May  11 

Apr.  12 
Apr.  25 

May  4 
May  19 

Apr.  7 
Apr.  17 
Apr.  13 

May  12 
May  13 
May  27 

Apr.  30 
Apr.  10 
May  1 
Apr.  17 


May  U 

May  20 

May  28 
...do-.... 

Apr.  28 

Mf^  7 

May  24 

May  16 

May  28 
May  13 
May  14 
May  27 
May  16 

May  28 
June  2 
June  1 
June  2 
May  20 

Apr.  10 
Apr.    8 

May  8 

May  1 

May  5 

Apr.  80 

June  2 
May  80 
May  26 

May  30 

May  34 

May  15 

May  1 

May  24 

June  11 
June  5 
June    6 

June  8 
June    6 

Apr.  25 
May  23 

May  8 
May     7 

May  21 

June    4 

Apr.  24 
May  2 
Apr.  30 

May  25 

May  29 
June  14 

May  17 
May  6 
May  19 
May    3 


1806-1914. 
7 


May  21,1906 
May  20,1900 
June  3,1008 
do,. 

pMay  2,1806 
May  11,1900 
June  14, 1012 

I  May  24,1006 

June  0, 1807 
May  20,1806 
May  24,1010 
May  28,1907 
May  26,1807 

June  7,1001 
sjune    7,1807 

do 

June  11,1908 
June    8,1901 

Apr.  25,1010 
Apr.  26,1010 

May  15,1907 
May    9,1906 

do 

May     7,1906 

June  21,1002 
June  6,1001 
June    8,1010 

June    6,1900 

June  1,1906 
May  16,1012 
>May  1,1003 
June  21,1002 

June  34,1006 
June  7,1006 
June  22,1008 

June  15,1013 
June  10,1913 

Apr.  21,1907 
May  80,1906 

May  8,1806 
May  15,1907 

June  0,1913 
June  16,1806 

May  10,1906 
May  15,1010 
May  11,1906 

June  7,1001 
June  6,1010 
June  21,1002 

May  28,1907 
May  12,1013 
May  28,1907 
May  17,1806 


Since  ba- 

JODOXBC  Ow 

noon* 


May 

June 
June 
'May 
May 
June 
May 

June 
May 
May 
May 
May 


21,1906 
20,1900 
8,1908 
8,1804 
2;  1886 
80,1884 
14,1912 
24,1906 

9,1897 
28,1804 
24,1910 
20,1804 
28,1897 


Jane  7, 1901 
Uune  7,1807 
June  8,1886 
June  11,1908 
Jnne    1,1901 

Apr.  25,1010 
Apr.  28,1010 

May  16,1907 

May  9,1906 

May  16,1800 

May  7,1906 

*Jmie  21,1808 
Jnne  6,1001 
Jane    0,1880 

Jane  26,1808 

Jane  1,1006 
May  28,1898 
May  10,1804 
Jane  21,1003 

June  24,1006 
June  11,1804 
June  22,1008 

June  16,1913 
June  10,1018 

Apr.  80,1874 
May  30,1906 

May  8,1806 
May  18,1878 

June  9,1918 
June  16,1808 

May  10,1906 
May  16,1010 
May   11,1908 

Jane    7,1901  I 
June    6,1010 
June  21,1908  j 

May  28,1907 

May  12,1913 

May  28.1907 

May  17,1805 


1  Broken  record. 
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Fint  kiUiDg  f^twt  in  anttmui. 


Namb«r  ot  oooMoiitive  dmyn  wtthoat 
kHUiigfrott. 


Yean 

of 
noord. 


27 
37 

41 


40 
81 
184 
27 
85 

25 
25 
34 


>80 

»27 

25 

86 

184 
88 

85 

>29 

>28 

141 

48 

28 


28 


26 
126 


140 
22 


140 

186 
25 

180 

186 

26 


128 
182 

125 
81 
27 
26 


Avenge 
date. 


Cot.  12 
Oct.  2 
Sept.  20 
Sept.  28 
Oct.  27 
Oct.  16 
Oct.  8 
Oct.     0 

Sept.  20 
Oct.  U 
Oct.  21 
Sept.  27 
Oct.  11 

Sept.  28 
Sept.  23 

Sept.*  if 
Sept.  27 

Nov.  5 
Nov.    8 

Oct.  10 

Oct.  21 

OQt.  10 

Oct.  17 

Sept.  26 
Sept.  18 
Sept.  26 

Sept.  18 

Sept.  10 
Sept.  20 
Oct.  12 
Sept.  80 

Sept.  21 
Oct.  3 
Sept.  24 

Sept.  23 
Sept.  24 

Oct.  80 
Sept.  26 

Oct.  22 
Oct.  10 

Oct.  10 
Sept.  26 

Oct.  28 
Oct.  18 
Oct.  24 

Sept.  10 
Sept.  23 
Sept.  12 

Oct.  8 

Oct.  21 

Oct.  11 

Oct.  21 


Barliestdate. 


»-10 
yean. 


11 


Sept.  20 
Sept.  15 
Sept.  10 
Sept.  0 
Oct.  12 
Oct.  4 
Sept.  15 
Sept.  26 

Sept.  13 
Sept.  23 
Oct.  2 
Sept.  14 
Sept.  24 

Sept.  11 
Sept.  7 
Sept.  5 
Sept.  4 
Sept.  15 

Oct.  22 
Oct.  26 

Oct.  5 
Oct.  0 
Sept.  23 
Sept.  80 

Sept.  6 
Sept.  3 
Sept.  7 

Aug.  80 


Sept. 
Sept. 
Sept. 
Sept. 

Sept. 
Sept. 
Sept. 

Sept. 
Sept. 

Oct. 
Sept. 

Oct. 
Oct. 

Sept. 
Sept. 

Oct. 
Oct. 
Oct. 

Sept. 
Sept. 
Aug. 

Sept. 
Oct. 
Sept. 
Oct. 


1805-1014. 
12 


Sept.  22. 1004 
Sept.  11,1014 
Sept.  14, 1011 
Sept.  6,1008 
Sept.  22, 1004 
Sept.  23, 1004 
Sept.  14,1011 
do 

Sept.  10, 1806 
Sept.  14,1880 
Sept.  22, 1004 
Sept.  14,1013 
do 

>Sept.  0,1808 

do 

Sept.  8,1886 
Aug.  20,1011 
Sept.  10,1888 

■Oct.  22,1885 
Oct.  21,1805 

Sept.  28, 1006 
Sept.  30,1805 
Sept.  13,1008 
.....do 

Aug.  27,1006 
Aug.  25,1010 
do 


Since  begiii- 
ning  of  nioord. 


Sept.  17^1808 
Sept.  2,1886 
Sept.  14,1011 
Sept.  6,1008 
Sept.  22,1004 
Sept.  23, 1004 
Sept.  4,1883 
Sept.  14,1011 

Sept.  6,1885 
Sept.  6,1802 
Sept.  22, 1004 
Sept.  5,1888 
Sept.  14,1018 

tSept.  0,1808 
Aug.  28.1808 
Aug.  25.1885 
Aug.  20,1011 
Sept.  10,1886 

Oct.  20.1801 
Oct.   21.18!« 

Sept.  28, 1009 
Sept.  30, 180  > 
sSept.  13,180(> 
Sept.  13,1002 

Aug.  27,1008 
Aug.  25,1010 
do 


Aug.  25, 
Sept.  12, 
Sept.  18, 
Sept.  12, 

Sept.  2, 
Sept.  6, 
Aug.  22, 

Aug.  20, 
Sept.  10, 

Oct.  1, 
Sept.  14, 

Oct.  10, 
Sept.  27, 

Sept.  14, 
Sept.   5, 

|«Oct.     1, 

do.. 

Oct.  10, 

Aug.  81, 
Sept.  0, 
Sept.   8, 

Sept.  15, 
hOct.     1, 

Sept.  30, 
•Oct.     1, 


Aug.  22,1008    Aug.  22,1006 


1010    Aug.  25,1010 

1002  :>  Sept.  10, 1876 
1001  ,  Sept.  18,1001 

1003  I  Sept.  12,1002 

1808  ,  Sept.  2,1808 
1000  I  Sept.  6,1000 
1800  i  Aug.  22,1800 


1006 
1013 

1800 
lOU 

1000 
lOOB 

1011 
1006 

1806 

iaos' 

1806 
1010 
1001 

1002 
1806 
1006 


Aug.  20,1008 
Sept.    7,1888 

Oct.  1,1800 
Sept.  14,1011 

Oct.  1, 1804 
Sept.  25, 1880 

Sept.  14.1011 
Sept.   5,1006 

Oct.  1, 1805 
Sept.  30, 1888 
Oct.     0,1880 

Aug.  23,1801 
Sept.  5,1881 
Aug.  20,1875 

Sept.  15,1002 

sQct.     1,1806 

Sept.  26,1887 


Yean 

of 
reoofd* 


14 


l^jsOct.     1,1805 
>  ^nd  also  later  jean. 


27 
128 

27 
126 
130 

41 

40 
188 

40 

120 

134 

26 

85 

25 
26 
84 

28 
127 

122 
24 

180 

127 

25 

86 

182 
88 
85 


128 

130 

48 

26 


27 
186 

26 
126 

130 
22 

28 
140 

135 
25 

130 

136 

26 

40 
125 
182 

125 
80 
26 
26 


Aver- 
age. 


15 


166 
146 
180 
133 
105 
170 
148 
158 

138 

170 

m 

185 
167 

130 
180 
182 
124 
138 

232 
234 

184 
180 
176 
183 

133 
125 
140 

123 

120 
140 
170 
147 

123 
142 
130 

134 
124 

200 
138 

lOS 
177 

150 
130 

204 
184 
104 

180 
188 
106 

161 
185 
163 
187 


81- 

100 

yean. 


16 


180 
118 
114 
104 
167 
150 
114 
183 

HI 
133 
141 
110 
131 

106 
97 
06 
04 

100 

105 
200 

155 

161 
141 
158 

05 
06 
104 

02 

105 
123 
146 
114 

84 
104 
03 

02 
00 

177 
115 

161 
152 

120 

06 

172 
155 
166 

108 
108 

74 

128 
155 
182 
154 


Shortest  number 
todays. 


1806-1014. 
17 


142-1004 
110-1805 
114—1000 
105-1006 
153-1004 
153-1004 
107—1012 
123-1018 

104-1807 
12O-1908 
127—1807 
112—1018 
11»-1807 

06-1010 

1 102-1807 

102-1807 

83-1006 
104—1001 

187—1010 
186-1010 

148-1008 

153-1006 

U4S-10Q2 

s  140-1002 

82-1002 
83—1010 
83-1010 

■  02-1008 

05-1010 
134-1885 
153-1001 

83—1002 

82-1807 
106-1893 
03— lOOB 

•  87-1908 
02-1013 

173—1809 
106-1902 

163—1800 
146—1006 

116—1805 
84—1006 

158-1906 
153-1906 
152-1906 

103-1805 
05-1010 
83-1002 

180-1805 
153-1906 
125—1907 
186—1806 


Since  be- 
ginning of 
reoora. 


18 


142—1904 
110-1805 
114—1000 
105-1006 
153-1004 
188-1884 
107—1012 
123-1018 

Oft-1804 
120-1002 
127—1007 
102-1801 
118-1807 

96-1010 
02-1888 
78-1885 
83-1006 
104—1001 

187-1010 
186-1010 

148-1008 

153-1006 

110-1880 

>  140-1002 

83-1008 
83-1010 
83-1010 

71-1802 

05-1010 
118-1808 
140—1800 

88—1008 

83-1807 
93—1804 
02—1804 

«  87— 1008 
02-1013 

161—1888 
106-1003 

155-1804 
143-1880 

116-1805 
84-1906 

158-1006 
153-1906 
153—1906 

9fr-1888 

95—1910 

«  70-1875 

180-1805 
14^-1886 
135—1007 
186—1805 
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Table  1, — Summary  of  fro%t  recordi 


Oklahoma: 

Heaklton 

Oklahoma  aty.. 
Oregon: 

Ashland 

Corvallis 

Jacksonville 

Rosobure 

The  Dalles 

Pennsylvania: 

Wellsboro 

Westchester.... 
Rhode  Island: 

Kingston 

Providence 

South  Carolina: 

Fergusonand  Trial  * 

Little  Mountain 

South  Dakota: 

Alexandria 

Brookings 

Huron 

Kimball 

Rapid  aty 

Spearflsh 

Tennessee: 

KnoKviUe 

Mft»ffi*hiff 

Texas: 

Abilene 

Fort  Clark  (Brock- 
etville). 

New  Braunfels.... 
Utah: 

Moftb 

Salt  Lake  City.. 
Vermont: 

NorthfleW 

Woodstock 

Vlrrinia: 

Birdsnest 

Dale  Enterprise. 

Lynchburg 

Marion 

Norfolk 

Petersburg 

Staunton 

Washington: 

Olympia 

Spokane 

Walla  WaUa.... 
WestVirginU: 

Elkhom 

Martinsburg 

Wisconsin: 

QreenBay 

La  Crosse 

Madison 

Manitowoc 

Wyoming: 

Cheyenne 

Laramie 


Coanty. 


Alti- 


Yean 
of 
rec- 
ord. 


Carter 900 

Oklahoma 1,M7 


Jackson.. 
Benton- 
Jackson.. 
Douglas.. 
Wasco... 


Tioga... 
Chester.. 


Washington... 
Providence — 


Berkeley.. 
Newberry. 


1,M0 
266 

1,640 
510 
113 

1,327 
455 

250 
160 

51 
711 

1,353 
1,630 
1,306 
1,788 
3,234 
8,647 

1,028 
847 

1,738 
1,0S0 

730 


Grand 4,000 


Hanson 

Brookings 

Beadle 

Brule 

Pennington.. 
Lawrenoe — 


Knox... 
Shelby.. 

Taylor.. 
Kinney. 


Comal.. 


Salt  Lake. 

Washington- 
Windsor 


Northampton. 
Rockingham.. 

Campbell 

Smythe 

Norfolk 

Dinwiddle 

Augusta 


Thurston... 
Spokane... 
Walla  Walla.. 


McDowell.. 
Berkeley... 


Brown 

La  Crosse... 

Dane 

Manitowoc.. 


Laramie.. 
Albany.. 


4,360 

876 
700 

40 

1,450 

681 

3,135 

13 

60 

1,380 

45 
1,043 
1,000 

1,983 
435 

586 
681 
974 
616 

6,088 
7,188 


Lait  kmiBff  Croat  In  iprlns. 


31 
31 

25 
30 

22 
21 

S24 
26 
33 
27 
27 

«25 

44 

43 

29 

25 

35 
40 

28 
«84 

28 
M6 
MO 

29 

42 
S26 

25 

87 
33 
39 

23 
23 


42 

^35 

31 

43 
34 


ATcrage 


Apr.  5 
Apr.    3 

Apr.  17 
Apr.  34 
Apr.  18 
Apr.  15 
Apr.  14 

May  17 
Apr.  16 

Apr.  29 
Apr.  22 

Mar.  28 
Mar.  25 

May  14 

Mav  19 
May  12 
May     6 

..do 

May    8 

Apr.  3 
Mar.  22 

...do 

Feb.  27 

Mar.    4 

Apr.  20 
Apr.  21 

May  16 
May  14 

Mar.  30 
Apr.  28 
Apr.  9 
Apr.  23 
Mar.  25 
Apr.  10 
Apr.  19 

Apr.  23 
Apr.  12 
Mar.  30 

Apr.  25 
Apr.  19 

May  6 

Apr.  27 

Apr.  23 

May  2 

May  21 
May  31 


Latest  data. 


9-10 
years. 


1896-1914. 


Apr.  25 
Apr.  22 

May  12 

...do 

May  4 
May  10 
Apr.  30 

June  0 
Apr.  38 

May  10 
May     4 

Apr.  13 
Apr.  10 

May  30 
June  6 
May  29 
May  19 
May  18 
May  28 

Apr.  17 
Apr.  10 


Mar*. 


Mar.  30 

May.  6 
May  14 


June  6 
June    4 

Apr.  14 
May  14 
Apr.  25 
May  8 
Apr.  12 
Apr.  27 
May    2 

May  17 
May  9 
Apr.  30 

May  10 

May    4 

May  31 
May  15 
May  0 
May  30 

June  3 
June  30 


May  1,1908 
Apr.  30,1903 

May  18,1901 
May  10,1908 

do 

....do 

May    1,1905 

June  14,1913 
May    3,190S 

May  12,1907 
do 

Apr.  17,1905 
do 

June  21,1903 
June  22,1902 
June  21,1902 
May  30,1897 
May  21,1908 
June  21,1902 


Apr. 
Apr. 


23,1904 
25,1910 


Apr.  23,1907 
Mar.  26,1913 

Mar.  27,1918 

May  17,1910 
June  18,1895 

June  12,1906 
June  14,1912 

Apr.  21,1897 
May  17,1895 
Apr.  22,1904 
May  15,1910 
Apr.  21,1897 
May  10,1906 
May  15,1910 

May  31,1908 
May  7,1898 
Apr.  28,1907 

May  16,1910 
do 


May  21,1895 
May  24,1910 
May  11,1907 
May  21,1895 

June  1,1903 
July     7,1904 


Since  be- 

ginnin|of 

reoora. 


May  1«1903 
Apr.  30,1903 

May  18,1901 
May  18,1892 
May  10,1906 
May  24,1881 
May  12,1887 

June  14,1912 
May  12,1892 

May  12,1907 
do 


Apr.  17,1905 
do 

June  21,1903 
June  22,1902 
June  21,1902 
May  30,1807 
May  21,1906 
June  21,1908 

Apr.  34,1808 
Air.  35,1910 

Apr.  23,1907 
Apr.  16,1870 

tMar.  27,1894 

May  17,1910 
June  18,1895 

June  13,1906 
June  14,1913 

Apr.  31,1897 
May  36,1886 
May  7,1891 
May  15,1888 
Apr.  26,1888 
ySy  10,1906 
May  15,1910 

May  31,1908 
June  8,1891 
Apr.  38,1907 

May  16,1910 
....do... 


May  30,1894 
May  34,1910 
May  13,1888 
May  36,1801 

June  U,1880 
July    7,1904 


I  And  also  later  yaan. 


s  Broken  record. 
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fot  MeleeUd  «ta<umt-~€)ontinued. 


first  knUng  frost  in  autumn. 


Years 

of 
rooord. 


21 
M 

ao 

25 
25 
87 

32 
81 

26 
<29 

t21 
22 

>25 

27 

34 

27 

*26 

t25 

44 

43 

29 
•25 


25 


28 
«82 

«26 
«4e 
42 
29 
42 
•28 
25 

37 
88 
20 

23 
24 

28 
42 
87 
81 

42 
24 


Average 


10 


Oct.  20 
Nov.    1 

Oct.  21 
Oct.  15 
Oct.  20 
Nov.  12 
Oct.   23 

Sept.  25 
Oct.   23 

Oct.  13 
Oct.    18 

Nov.  6 
Nov.  11 

Sept.  25 
Sept.  22 
Sept.  21 
Oct.  1 
Sept.  27 
Sept.  28 

Oct.  27 
Nov.    1 

Nov.  10 
Not.  25 

...do 

Oct.  5 
Oct.   19 

Sept.  10 
Sept.  27 

Nov.  18 
Oct.  0 
Oct.  27 
Oct.  11 
Nov.  16 
Oct.  25 
Oct.   16 

Oct.  28 
Oct.  12 
Nov.    7 

Oct.  12 
Oct.   17 

Oct.  0 

Oct.  11 

Oct.  18 

Oct.  13 

Sept.  17 
Sept.  10 


Barlieet  data. 


0-10 
years. 


Oct.  18 
Oct.   17 

Sept.  28 
Sept.  25 
Oct.  7 
Oct.  17 
Oct.  7 

Sept.  11 
Oct.  10 

Sept.  27 
Sept.  20 


Oct. 
Oct. 


Sept.  8 
S«>t.  5 

Sept.**18' 
Sept.  14 
Sept.  13 


Oct. 
Oct. 


Oct.  25 
Nov.  7 

Nov.  0 

Sept.  17 
Oet.  2 

Sept.  3 
Sept.  12 

Nov.  6 
Sept.  23 
Oct.  11 
Sept.  26 
Nov.  I 
Oct.  0 
Oct.  2 

Sept.  28 
Sept.  20 
Oct.  18 

Sept.  27 
Oct.  4 

Sept.  23 
Sept.  20 
Oct.  8 
Sept.  20 

Aug.  81 
Aug.  20 


1806-1014. 
12 


Oct.  10,1908 
Oct.   20,1905 

Sept.  13,1806 
Sept.  21,1806 

do 

Sept.  24,1006 
Sept.  25,1908 

Sept.  6,1909 
Oa.     3,1899 

Sept.  14, 1911 
Sept.  23, 1904 

Oct.  19,1901 
Oct.  25,1003 

Sept.  12, 1902 
Sept.  3,1896 
Sept.  10, 1808 
Sept.  12, 1902 
Sept.  13, 1902 
Sept.  11,1808 

Oct.  1, 1805 
Oct.    11,1805 

Oct.   22,1911 
iNov.    3^1809 

Nov.    8,1899 

Sept.  12, 1898 
Sept.  22;  1816 

Aug.  31,1900 
Sept.  10, 1913 

Nov.  11,1901 
Sept.  22, 1897 
Oct.  2, 1899 
Sept.  16, 1902 
Oct.  28,1903 
Oct.  1,1895 
do 

Sept.  21,1806 
Sept.  10, 1805 
Oct.  10,1906 

Sept.  14,1902 
Sept.  23, 1913 

Sept.  28, 1800 
Sept.  29, 1906 

do 

Sept.  27, 1912 

Aug.  25,1910 
Aug.  22,1904 


Since  begin- 
ning of  reoord. 

13 


Oct.  10,1906 
Oct.  7,1801 

Sept.  13,1806 
Sept.  21, 1805 

do 

Sept.  24,1906 
Sept.  26,1908 


is?- 


3,1899 


Sept.  14,1911 
Sept.  23, 1904 


Oct. 
Oct. 


10,1901 
26,1903 


Aug.  23,1891 

do. 

....do 

Sept.  12,1902 
Sept.  13,1890 
Sept.  11,1808 


Oct. 
Oct. 


1,1896 
2,1876 


Oct.   22,1911 
iNov.    2^1800 

Nov.    8,1899 

Sept.  8,1890 
Sept.  22;  1806 

Aug.  27,1804 
Sept.   4,1883 

Nov.  1,1803 
Sept.  15, 1873 
Oct.  2, 1809 
Sept.  16, 1902 
Oct.  16,1876 
Oct.  1, 1805 
» do 

Sept.  11,1880 
Sept.  10,1896 
Sept.  28, 1886 

Sept.  14,1902 
Sept.  23, 1913 

Sept.  16, 1887 
Sept.  21, 1889 
Sept.  20, 1908 
Sept.  27, 1012 

Aug.  26,1900 
Aug.  16, 1898 


Number  of  oonseootive  days  wtthout 
kilUngfhwt. 


Years 

of 
reoord. 


14 


21 
24 

•25 
26 
26 
87 

•88 

31 
31 

25 
•20 

•21 
21 

•24 

26 

33 

27 

•  26 

•25 

44 

43 

29 
•26 

25 

25 


182 

•26 

•46 

•40 

20 

42 

•25 

25 

37 
33 
20 

23 
23 

28 

42 

•86 

81 

42 
24 


Aver- 
age. 


16 


207 
218 

187 
176 
104 
211 
102 

131 
190 

167 
170 

224 
231 

136 
126 
132 
148 
144 
143 

207 
224 


2n 

266 


168 
181 


126 
186 


164 
201 
165 
236 
108 
179 

189 
188 
222 

170 
181 

166 
167 
178 
164 

lie 

102 


81- 

100 

years. 


16 


176 
178 

130 
136 
166 
160 
160 

04 
166 

140 
148 

192 
200 

101 
02 
99 
122 
119 
108 

176 
189 

199 
229 

234 

134 
141 

80 
100 

206 
132 
160 
141 
203 
166 
163 

134 
184 
181 

140 
163 

125 
137 
160 
182 


70 


Shortest  number 
of  days. 


1896-1914. 
17 


168-1006 
196-1007 

126-1896 
13&-1896 
138-1908 
137—1008 
17(^-1005 

92-1013 
171—1006 

133-1011 
161—1907 

197—1907 
107—1907 

83-1002 
82-1002 
83—1902 
128-1901 
123—1004 
83-1902 

18(^1896 
187—1910 

200—1809 
244—1906 

240-1807 

143-1012 
06—1895 

07—1909 
02-1913 

207—1887 
134—1907 
175—1899 
148-1903 
205—1903 
154—1906 
165—1806 

114—1908 
142-1806 
101—1906 

134—1013 
134—1013 

181—1806 
147—1805 
160-1008 
141-1805 

94—1010 
45-1004 


Since  be- 
ginning of 


18 


163-1008 
188-1892 

120-1896 
136-1896 
138—1906 
137—1006 
164—1883 

02-1918 
168—1888 

183-1911 
160—1888 

197—1907 
107—1907 

88-1002 
82-1902 
83—1002 
127—1800 
123—1904 
83—1902 

» 180-1876 
184—1893 

209—1899 
239-1876 

238-1894 

143-1912 
06—1886 

97—1900 
92-1913 

202-1876 
128-1886 
162-1888 
138—1888 
204—1879 
154—1906 
165—1805 

114—1906 
116-1801 
176—1886 

184-1018 
134-1018 

116—1804 
122-1880 
150-1908 
133-1801 

86-1880 

45-1004 


•  Trial,  elevation  86  Cset,  1808-1910  (18  years);  Ferguson,  elevation  U  feet,  1911-1014  (4  yian). 
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Id  the  determination  of  these  averages  a  nmnber  of  interesting  mathematical 
and  meteorological  problems  arose,  all  of  which  required  working  solotiofiB* 
although  the  correct  solution  has  not  yet  necessarily  been  found.  For  ersmpte, 
when  the  average  dates  were  determined  there  was  usually  a  fraction  of  a  date 
to  be  disposed  of.  The  date  is  a  discrete  thing,  not  subject  to  division,  hence 
the  whole  fraction  must  be  thrown  in  one  direction  or  the  other.  At  first  the 
fraction  was  disposed  of  according  to  the  usual  rule;  that  is,  when  less  than 
0.5  the  fraction  was  dropped,  and  when  more  than  0.5  the  date  was  increased  bj 
a  whole  day.  Later  the  average  dates  were  checked  by  charting  for  the  spring 
the  date  of  last  killing  frost  for  a  number  of  stations  (see  fig.  2).    The  dates 


tTATlOMt 

DAYS  iCrORt  AVtIUOC  *VtlUCC     DAYS  AFTtll  AVtRACC   1 
40         30         aO          10     OATt        lO         ao         M          40           1 

OfUNO  KATtOS.  UICM 
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ROSALIA.  WASH. 
MCMPNIS.  TCMN. 
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.a.:. 

*iLi 

!..: 

_•      • 

.:.  . 
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Kio.  2.— OocnrrenooB  of  last  kilUDg  frost  in  spring  with  reCemos  to  th* 
ayerace  date  at  select«d  stations. 

before  and  after  the  average  for  the  whole  i>eriod  of  years  were  then  counted 
and  the  exact  meaning  of  a  fraction  of  a  date  in  this  connection  was  carefully 
considered.  The  same  procedure  was  followed  for  the  dates  of  first  kliiing 
frost  in  fall  (see  tig.  3).  After  a  careful  consideration  the  conclusion  was 
reached  that  a  more  nearly  correct  method  of  disposing  of  the  fractions  of  dates 
in  the  case  of  killing  frost  averages  consists  of  increasing  the  average  date 
of  the  last  killing  frost  in  spring  by  one  day,  whenever  there  is  a  f^cti<ML 
no  matter  how  small,  and  dropping  all  fractions  of  dates  for  the  average  dale 
of  first  killing  frost  in  fall,  no  matter  how  much  the  fraction  may  be.  This 
practice  also  has  the  advantage  that  if  there  is  an  error  it  is  on  ttie  aide  of 
safety,  although  liere  a  matter  of  a  day  is  not  of  in4K)rtanGe. 

The  method  of  deto'mining  the  average  length  of  the  season  without  lulling 
frost  has  beeo  to  count  the  time  l>etween  the  average  date  of  last  Idlling  £ro6t  in 
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Fio.  a.—Oooon'Mices  of  first  klUlng  Irost  in  tall  with  referenDe  to  the  STsaco 
date  at  seleetwl  statkns. 

spring  and  the  average  date  of  first  killing  frost  in  fall.  This  method  has  the 
advantage  of  avoiding  questions  of  fractions  of  days  and  also  permits  the  use 
of  the  whole  available  record  for  spring  and  for  fall  In  those  cases  wb«re  one 
or  both  are  Incomplete. 

Although  tlie  "average  dates  of  last  killing  frost  In  spring**  and  of  '^firat 
killing  frost  In  fall**  and  the  ''average  length  of  the  season  without  killing 
froRt'*  arc  terms  which  have  been  widely  used,  there  is  still  considerable  doulK 
OS  to  the  slgniflcfince  of  these  terms  and  of  the  figures  representing  th^n. 
The  iivernge  date  of  last  killing  frost  In  spring  is  tliat  date  after  whldi  s 
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kUling  frost  will  occur  in  approximately  half  the  years.  On  the  average  date 
there  is  an  even  chance  that  the  last  killing  frost  has  occurred.  In  other 
words,  one  crop  out  of  every 
two  will  be  destroyed  by  frost 
if  it  is  susceptible  to  frost  in- 
Jury  on  the  average  date.  This 
is  a  higher  proportion  than 
even  the  most  productive  agri- 
culture can  stand,  and  con- 
sequently the  average  date 
of  last  killing  frost  has  little 
significance  for  the  farmer; 
this  also  applies  to  the  average 
date  of  first  killing  frost  in 
fall  Some  date  earlier  than 
the  average  date  of  first  kill- 
ing frost  is  the  date  before 
which  the  crop  must  be  har- 
vested or  there  will  be  loss 
from  frost  damage  in  too  many 
years.  There  are  similar  con- 
siderations to  be  met  with  in 
the  average  length  of  the  sea- 
son without  killing  frost.  To 
take  advantage  of  the  whole 
of  this  season  It  is  necessary 
for  it  to  begin  on  the  day  of 
the  last  killing  frost  in  spring 
and  to  continue  until  the  date 
of  the  first  killing  frost  in  faU. 
If  crops  are  planted  so  that 
they  become  susceptible  to 
frost  damage  on  the  average 
date  of  last  killing  frost  in 
spring,  the  crop  in  half  the 
years  will  be  destroyed  in  the 
spring.  This  leaves  only  one 
crop  out  of  two  to  continue 
until  fall.  Then,  if  the  fall 
frosts  occur  at  random  with 
reference  to  the  spring  frost — 
that  is,  if  there  is  no  casual 
relation  between  them  —  one 
crop  out  of  every  two  carried 
through  the  summer  will  be 
destroyed  by  a  killing  frost 
In  fall  before  it  can  be  har- 
vested. These  relations  may 
perhaps  be  shown  to  better 
advantage  by  figure  4,  which 
shows  by  bars  the  total  length 

of    the    growing    season    for    the    following    stations    selected    from    the 
whole    United    States:    Dale    Enterprise,    Va.;    Memphis,    Tenn.;    and    Bls- 
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marck,  N.  Dak.  If  it  were  possible  to  determine  the  latest  date  of 
last  killing  frost  In  spring  for  a  period  coTwing  a  hundred  years  or  more 
and  the  earliest  date  of  first  killing  frost  in  fall  for  a  similar  period,  we 
should  probably  have  the  season  of  safe  plant  growth.  The  nearest  approach 
possible  to  this  available  is  the  latest  date  in  spring  and  the  earliest  date 
in  fall  which  has  been  observed  since  the  beginning  of  the  record.  In  vCTy 
few  cases  this  Is  more  than  40  years,  and  in  most  cases  is  a  great  deal 
shorter  than  this.  These  extreme  dates  of  killing  frosts  repres^it  different 
things  at  different  places  because  of  the  varying  length  of  the  records.  The 
longer  the  record  the  more  probable  it  is  that  these  extreme  dates  will  not 
be  exceeded,  but  as  extreme  dates  rest  on  single  occurrences,  they  can  not 
be  considered  as  absolute  limits.  The  shortest  recorded  season  without  killing 
frost  is  usually  somewhat  longer  than  the  period  between  the  latest  date  of  last 
killing  frost  in  spring  and  the  earliest  date  of  first  killing  frost  in  fall,  because 
in  most  cases  these  extreme  dates  did  not  occur  In  the  same  year. 

THE    PBOBABIUTT   OF    FBOST. 

The  date  of  the  last  killing  frost  in  1  year  in  20  established  the  extreme 
limit  for  killing  frost  in  spring  in  that  20-year  period;  in  each  of  the  other 
19  years  the  date  of  the  last  killing  frost  is  earliw  than  that    If  the  20-year 

period  has  the  exact  average 
-^  frost   distribution  the  prob- 

K  able  occurrence  of  the  last 

IH  killing  frost  in  1  year  in  20 

L^Ki  can    be    predicted    on    that 

'-' — Li-t^^.-^--^  -       basis. 
Fio.  5.— FreqncDcy  polygon  tnd  most  probable  nonnal  fre-  Under    similar    average 

qaency  curve  of  the  date  of  last  killinf  tnet  in  spring  for      amditions     the     latest    date 
the  combfaied  records  of  S3  stations,  oomprisfaig  828  obser.      ^^   ^^^   ^^^^^      ^^^    ^^ 
vations. 

any  10  years  will  give  the 

date  on  or  after  which  frost  may  be  expected  once  in  10  years.  How- 
ever, it  is  hardly  possible  that  any  given  20  or  10  year  period  will  give 
the  exact  average  frost  distribution,  especially  In  the  cases  which  occur 
but  once  or  twice  during  the  period.  It  is  desirable  to  determine  as  far 
as  possible  the  risk  from  frost  damage  after  any  particular  date.  This 
has  been  attempted  by  various  methods,  the  most  notable  of  which  is  perhaps 
the  table  prepared  by  Wilson*  for  New  York  State.  This  method,  however, 
has  the  disadvantage  that  the  curve  of  frost  occurrence  used  by  him  is  not 
smooth,  which  results  from  the  fact  that  all  the  records  are  too  short  To 
obtain  a  smooth  curve  of  the  distribution  of  last  killing  frost  In  spring  in  the 
neighborhood  of  1,000  observations  are  required.  However,  by  grouping  a 
great  many  cases,  It  is  possible  to  determine  the  type  of  distribution  of  these 
recorded  dates  of  last  killing  frost  In  spring.  Table  I  shows  for  a  few  stations 
the  dates  on  or  after  which  the  last  killing  frost  may  be  expecteil  to  (K,'cur  in 
1  year  in  10,  provided  the  period  from  which  the  date  was  calculateil  was 
one  with  average  frost  conditions. 

Figure  5  Is  a  frequency  polygon  which  has  been  constructed  for  823  observa- 
tions, representing  the  combined  records  of  83  stations  for  last  killing  frost  in 
spring.  An  attempt  was  made  to  fit  this  frequency  polygon  to  various  curves 
of  distribution,  both  normal  and  skew  curves,  by  the  use  of  methods  suggested 

t  Wilson,  WUford  M. :  Frosts  In  New  York,  N.  Y.  Cornell  Agr.  Bxp.  Sta.  MiL  81S :  586- 
548,  Ithaca,  1912. 
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by  Pearson.^  From  this  frequency  polygon  it  appeared  that  the  curre  which 
most  nearly  fits  the  conditions  is  the  **  normal  curve  "  of  distribution.' 

It  can  be  shown  that  the  probability  of  occurrence  of  any  phenomenon  which 
follows  the  normal  distribution  may  be  determined  when  the  ''standard  devi- 
ation" is  known.  By  the  use  of  the  standard  deviation  a  much  more  certain 
measure  of  occasional  occurrences  is  determined  than  is  possible  by  a  count 
of  the  two  or  three  extreme  occurrences  in  a  comparatively  short  record. 
Figure  6  shows  the  normal  frequency  curves  of  the  distributions  of  the  dates  of 
last  killing  frost  in  spring  for  five  stations  and  of  first  killing  frost  in  fall  for 
three  stations.  These  stations  were  selected  to  show  the  usual  dispersions  of 
the  normal  fre(jueney  curves.  Each  curve  has  been  shaded  to  show  the  region 
within  which  9/10  of  these  dates  fall ;  that  is,  the  shaded  area  is  9/10  of  the 
total  area  under  tlie  curve.  The  normal  concentration  of  last  (or  first) 
occurrence  of  killing  frost  at  any  given  number  of  days  after  (or  before)  the 
average  date  Is  shown  by  the  height  of  the  curve  above  the  base  line  at  the 
place  where  this  number  appears  on  the  scale.  The  place  where  the  border  of 
the  shaded  area  cuts  the  base  line  shows  the  date  after  (or  before)  which 
killing  frost  will  occur  only  1  year  in  10  on  the  average.  By  counting  the 
cases  of  frosts  which  fall  within  the  dates  shown  on  the  smooth  normal  curves 
to  include  9/10  of  the  dates,  it  has  been  found  that  out  of  27,838  cases  of 
occurrence  of  last  killing  frost  in  spring  or  first  killing  frost  in  fall,  2,739 
occurred  later  in  spring  or  earlier  in  fall  than  the  dates  included  in  the 
shaded  area.    This  is  0.984  in  10,  which  is  a  very  close  agreement. 

^  Pearson,  K. :  Skew  varlatioii  in  homogeneous  materlaL  Phil,  trans.  Boy.  Soc,  ser.  A. 
186 :  84a-414,  London,  1805. 

*The  following  explanation  of  the  method  of  obtaining  the  dkte  in  the  spring  after 
which,  and  that  in  the  antomn  before  which,  frost  will  occur  on  the  average  only 
1  year  in  10  has  been  prepared  by  Mr.  H.  B.  Tolley,  who  made  the  preliminary  mathe- 
matical studies  upon  which  this  statement  of  frost  risk  is  based : 

When  the  problem  of  investigating  the  variability  of  these  dates,  and  consequently  the 
yariability  of  the  length  of  the  growing  season,  first  presented  itself,  it  was  seen  that 
if  the  distribotlon  at  any  station  followed  the  normal  frequency  curve  (variously  known 
as  the  probability  curve,  the  curve  of  error,  etc.)  it  would  be  possible  to  determine  a 
spring  date  for  any  station  after  which  frost  would  occur  on  the  average  1  year  In  4, 
1  year  in  0,  or  1  year  in  100,  if  so  desired,  and  similar  dates  for  early  frosts  in  the  falL 

Now,  owing  to  the  paucity  of  years  of  observations  at  any  one  station,  the  average  for 
all  stations  being  probably  less  than  20  years,  and  on  account  of  the  fact  that  in  the 
neighborhood  of  a  thousand  observations  are  necessary  to  obtain  a  smooth  curve,  88 
stations  distributed  over  the  whole  United  States,  with  records  varying  from  6  to  48 
years  In  length,  and  828  as  the  aggregate  number  of  years,  were  selected  and  combined, 
a  curve  was  made  for  the  combination  (see  fig.  5).  If  these  are  representative  stations, 
and  a  single  type  of  curve  Is  to  be  selected  to  fit  every  individual  station,  it  will 
obviously  be  that  of  the  curve  of  best  fit  for  this  combination. 

The  criteria  developed  by  Karl  Pearson  in  "  Skew  Variation  in  Homogeneous  Material  ** 
were  applied  to  the  observations  and  they  showed  that  while  the  curve  of  best  fit  was 
not  exactly  a  normal  curve,  it  was  similar  In  all  respects  except  for  a  very  slight  amount 
of  skewness — i.  e.,  the  mean  and  the  mode,  or  abscissa  of  the  highest  point  of  the  curve, 
did  not  coincide.  The  distance  between  them,  however,  was  less  than  one  day.  and 
since  the  unit  of  measurement  is  one  day  and  it  is  impossible  to  consider  in  the  final 
results  anything  less  than  that,  it  was  finally  decided  to  use  the  constants  of  the  normal 
curve  in  the  computations,  and  the  results  seem  to  have  Justified  this  selection. 

The  equation  of  the  normal  curve  Is  y— yof  ^^  ,  the  origin  being  at  the  mean,  and  the 
ordinate  at  that   point  being  ye.  v  Is   the  square  root  of  the  arithmetic  mean   of  the 

squares  of  all  the  deviations  from  the  average  date  y^"^)      and  is  commonly  known 

as  the  standard  deviation.  The  y  (ordinate)  of  any  point  represents  the  number  of 
occurrences  of  the  particular  deviation,  9,  to  which  it  corresponds,  and  the  total  number 
of  deviations  (or  observations)  is  the  area  of  the  curve.  It  was  found  by  referring  to  a 
table  of  the  probability  integral,  which  is  the  integral  of  the  equation  to  this  curve* 
that  nine-tenths  of  the  area  lies  before  the  ordinate  whose  abscissa  is  1.28  •. 
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It  has  also  been  found  that  In  Individual  cases  there  is  rarely  more  than 
one  unit  variation.  For  example,  from  a  station  with  a  record  of  36  years  th^e 
are  practically  never  more  than  live  dates  of  last  killing  frost  in  spring  or 
five  of  the  first  killing  frosts  in  fall  which  fall  beyond  the  date  shown  by 
the  smooth  curve,  and  practically  never  less  than  two.  In  a  great  majority  of 
cases  the  number  for  such  a  record  is  tliree  or  four.  This  apparently  shows 
that  the  normal  curve  is  a  better  indication  of  the  frost  probabilities  than  any 
count  of  the  actual  cases,  which  Is  what  we  should  expect  from  a  mathematical 
consideration  of  the  situation.  The  counting  of  a  large  number  of  cases  shows 
that  these  extreme  frost  dates  follow  very  closely  the  normal  distribution. 
Prom  that  the  inference  Is  strong  that  for  any  individual  station  the  distribu- 
tion is  normal  provided  there  is  a  long  enough  record.  The  normal  distribution 
determined  from  the  actual  distribution  for  the  period  of  the  record  may  be 

used  to  show  the  probability  of  the  occurr^M^e 
of  the  last  killing  frost  in  spring  or  the  first 
killing  frost  in  fall.  The  probable  error  of  the 
standard  deviation  of  the  date  of  last  killing 
frost  was  calculated  for  several  stations  from  ob- 
servations covering  a  period  of  20  years  or  more, 
and  was  found*  to  vary  from  two  to  five  tlays,  de- 
iiending  upon  the  length  of  record  and  also  upon 
the  range  of  variation.  The  probable  error  of  the 
standard  deviation  and,  hence,  of  the  dates  deter- 
mined, varies  directly  with  the  magnitude  of  the 
standard  deviation  and  inversely  as  V^  where  n 
is  the  number  of  observations.'  Of  course,  the 
number  of  observations  for  a  single  station  is  so 
small  that  the  standard  deviation  can  not  be  re- 
garded as  well  established,  but  it  is  significant 
that  the  combination  of  many  records  results  in 
a  nearly  smooth  curve  with  a  single  mode  and 
that  the  successive  addition  of  more  observations 
makes  the  curve  smoother  and  smoother. 

If  the  normal  curve,  or  rather  the  standard  de- 
viation, could  be  determined  for  each  of  the  800 
or  more  stations  in  the  United  States  having 
records  sufficiently  long  to  Justify  this  procedure, 
It  would  be  possible  to  show  the  risk  of  frost  at 
any  particular  date.  However,  the  clerical  labor 
involved  in  determining  standard  deviations  for  a 
large  number  of  stations  is  so  great  that  this 
has  been  determined  only  for  569  selected  stations.  The  standard  deviations  for 
these  stations  are  given  in  Table  2  for  both  spring  and  fall  frosts,  together 
with  the  average  dates  of  last  killing  frost  in  spring  and  of  first  killing  frost 
in  fall. 

This  method  of  determining  the  probability  of  frost  Is  subject  to  limitatioDS 
because  of  the  small  number  of  observations  in  any  case.  As  has  been  pointed 
out,  there  are  seldom  more  than. 40  observations  and  more  often  20  to  25. 
This  means  that  it  is  not  possible  to  obtain  a  measure  of  dispersion  which  is 
not  subject  to  considerable  error. 

1  The  mathematical  ttatement  is  Er«  d:0.674-^where  "Re  is  the  probable  error  of  the  standard  deria* 
ion,  IT  ,  and  » is  the  number  of  observations. 
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However,  as  the  years  of  observation  increase,  tlie  accuracy  of  the  method 
will  become  greater,  and  even  with  these  limitations  it  is  probable  that  the 
date  obtained  is  more  accurate  than  that  which  results  from  a  count  of  cases, 
because  the  date  obtained  by  the  use  of  the  standard  deviation  rests  on  20 
observations  for  20-year  records  and  40  observations  for  40-year  records,  while 
those  obtained  by  noting  extreme  cases  rest  on  two  occurrences  in  the  case  of 
20-year  records  and  four  occurrences  in  the  case  of  40-year  records. 

Table  2. — Frost  data  for  selected  stations. 


Station. 


Alabamii: 

Bermuda 

Daphne 

EoAola 

Florence 

Oadsen 

Highland  Home 

Livingston 

OpelDra 

Tuscaloosa 

Uniontown 

VaUeyHead.... 
Arisona: 

Bisbee 

Buckeye 

Dudleyyille.. 

Fort  Grant.. 

Fort  McDowell. 

Fort  Mohave... 

Hdbrook 

Jerome 

Oracle 

Parker 

Phoenix  Exper- 
iment Sta- 
tion. 

Tooson 

Yuma 

Afkansas: 

Camden 

Conway 

Coming 

Fort  Smith 

Newport 

Helena 

Malvern 

Rogers 

Stuttgart 

Texarkana 

California: 

Berkeley 

Cedarville 

Chino 


Claremont , 

Durham , 

Escondido 

Georgetown.... 

Hollister 

Iowa  Hill 

Kennedy  Gold 
Mine. 

Llok  Observa- 
tory. 

Lodi 

Los  Gates .\.... 

Mammoth  Tank 

Nevada  City. 

Napa :. 

OroviUe 

Palermo 

Plaoervffle... 

Redding 

Repressa.... 

Riverside... . 

Sacramento.. 


County. 


Conecuh 

Baldwin 

Barbour 

Lauderdale . 

Etowah 

Crenshaw... 

Sumter 

Lee , 

Tuscaloosa., 

Perry 

Dekalb 


Cochise 

Mario(q)a... 

Pinal 

Graham.... 
Maricopa... 

Mohave 

Navajo 

Yavapai... 

Pinal 

Yi^ma 

Mario(q)a... 


Pima... 
Yuma.. 


Ouohita... 
Faulkner.. 

Clay 

Sebastian. 
Jackson... 
Phillips... 
Hot^ring 
Bentoo.... 
Arkansas.. 
Miller 


Modoc 
San  Bernar- 
dino. 
Los  Angeles. 

Butte 

San  Diego... 
Eldorado . . 
San  Benito. 

Placer 

Amador.... 


200 
620 
621 


Santa  Clara. 

j3an  Joaquin. 
Santa  Clara. 
Imperial.... 
Nevada 


Nwa.. 
Butte. 


do. 
Eldorado... 

Shasta 

Sacramento. 
Riverside... 
Sacramento. 


160 
•17 
230 
273 
1,031 

6,500 

980 

2,360 

4,916 

1,450 

604 

6,500 

4,748 

4;500 

853 

1,092 


2,427 
141 

158 
800 
298 
481 
231 
182 
277 
1,885 
228 


820 

4,076 

714 

1.200 
160 
650 

2,650 
284 

2.825 

1,500 

4,209 

35 

600 

267 

2,580 

60 
250 
213 
1,820 
652 
805 
851 

71 


Years. 


A.. 


March,  21X. 
March,  8.4... 
March,  16.1.. 
March,  30  J>.. 
April,.1.7.... 
Miffch,  8.6... 
March,  20.4. 
March,  20.6.. 
March,  28.2.. 
March,  16.4.. 
April,  9.6.... 


March,  21.6.... 

March,  5.9 

March,  SOU).... 
March,  16.2.... 

March,  9.7 

February,  6JS. 

May,  5.7^. 

March,  15.7.... 

March,  9.4 

March,  7.3 

Marcdi,  7.8 


March,  13.2 

January!  (29),  19.7. 


Mardi,  22U).. 
March,  25.6.. 
April.  1.5.... 
March,  21.2.. 
March,  25.3.. 
March,  21.6.. 
April,  3.O.... 
ApriL  11.6.., 
Mardb,  27.3.. 
March,  20.6.. 


January  i(18)i  17.8. 

May,23.1 

February,  14.0 


February,  11.7. 

March,  18.6 

March,  27.3 

April,  1J> 

March,  14.7 

March,  26.2 

March,  13.7 


May,  7.1. 


March,  4i) 

February » (18),  3.6. 

February,  7.1 

May,8.4 

February,  22.4 

February,  9.0 

March,  11.7 

Aprfl.5.3 

March,  9.8 

February  1(18),  20.0 
...  ,  February  W26),  24.2 
82  i  February!  (31),  lOJi 


16.9 
14.5 
17.4 
15.1 
U.8 
18.0 
13.4 
12.4 
13.2 
18.7 
13.9 

22.8 
20.4 
16.6 
22.6 
29.6 
2L5 
15.1 
22.7 
19.1 
19.7 
17.7 


19.9 
26.0 

16w6 
12.1 
10.8 
11.4 

n.i 

14.2 
12.2 

n.5 

13.1 
13.2 

28.5 
18.0 
22.6 

9.8 
26.4 
27.7 
29.7 
37.9 
25.0 
83.0 

26.9 

2L0 
24.8 
30.7 
17.8 
10.4 
37.4 
26.2 
27.0 
26.7 
9.8 
27.7 
29.6 


November,  6.0... 
November,  22.9.. 
November,  9.3.... 

October,  28  Ji 

October,  29  J> 

November,  15.1.. 
November,  1.6... 
Novemder,12.2.. 
November,  6.4... 
November,  10  J.. 
October,  21.6 


November,  25.7 

November,  25.2 

November,  11.3 

November,  25.5 

November,  21 .7 

December,  10.6 

October,  16.3 

November,  26.7 

December,  3.6 

November,  22.1 

November,  27.6 


November,  24.1 

DeoemberK29),21.7 


November,  3.8. 
November,  1.0. 
October,  17.6... 
November,  6.8. 
October,  25.7... 
November.  5.6. 
October,  29.9... 
October,  20.6... 
October,  28.6... 
November,  8.0. 


January  1(17).  3.0. 
September,  26.0... 
December,  13.3 — 


December,  20.3 

November,  2.3 

November,  19.8 

November,  16.2 

November,  16.1 

December,  6.2 

December,  7J> 


November,  16.0. . 

November,  22.8 

December '(17).  23.4 

December,  30.0 

October,  23.4 

December,  16.0 

December,  6.8 

November,  21.7 

November,  3.1 

December,  2.3 

December  >(19),  13.4 
December  1(23),  8.2. 
November  K80),27.6! 


10.0 
14.4 
18.8 
8.9 
11.7 
11.4 
10.7 
16.7 
10.8 
12.2 
10.8 

12.8 
18.8 
18.4 
17.0 
21.4 
23.6 
12.6 
17.1 
12.6 
12.0 
16.0 


17.2 
22.8 

13.6 
10.3 
11.7 
10.6 
9.9 
10.1 
9.6 
9.0 
11.8 
11.1 

28.3 
12.0 
28.0 

26.9 
17.4 
29.8 
17.8 
16.6 
19.4 
14.7 

28.6 

19.1 
28.7 
36.2 
16.7 
29.4 
13.8 
16.0 
19.2 
1&7 
14.0 
21.8 
19.8 


1  Some  years  are  frost  free.  The  number  In  parentheses  is  the  number  of  years  in  which  tnmt  occurred. 
For  example,  at  Yuma  the  record  covers  37  yeara,  of  which  8  were  fhist  tne  and  29had  fhist.  For  a  method 
of  determining  the  ftost  risk  under  such  conditions,  see  Table  8,  p.  621. 
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station. 


County. 


H. 


T«an. 


Calif omte—Contd. 
San  Bernardino. 

San  Jacinto 

Santa  Barbara- 


Santa  Cms... 

Shasta 

Stockton 

SosanvUle... 

Uldah 

Upper  Lake. 
Wheatland.. 

wmow 

Oolorado: 

Breckenridge 
Canon  City.. 
Castle  Rock.. 
ColoradoSprlngs 
Delta.....V...T 

Denver 

Fort  Collins... 

Qreeley 

Grand  Junction. 
Grand  Valley... 

Gunnison. 

lAkeMonklne.. 
Las  Animas... 

Lay 

Leroy 

Meeker  (near). 

Pagoda 

Pueblo 


San  Luis 

Conneotieut: 

Canton...- 

New  Haven... 

Watorbury.... 
Delaware: 

Millsboro 

Florida: 

Brooksvllle.... 

Jacksonville... 

Kisslmmee.... 

Lake  City 

Pensaoola 

St.  Augustine.. 

Tallahassee.... 
Qeorala: 

Blakeley 

Glllsvllle 

Hawkinsvllle. . 

Louisville 

Miiledgeville... 

Monticello 

Pohit  Peter.... 

Poulan 

Quitman 

Ramhurst 

Rome 

Talbotton 

Idaho: 

American  Falls. 

Boise 

Lewiston 

Moscow 

Oakley 

Payette 

Porthlll 

Illinois: 

Albion 

Aurora 

C^UnvUle... 

Charleston... 

Decatur 

Dixon 

Galva 

Havana 


San  Bernar- 
dino. 

Riverside.. 

Santa  Bar- 
bara. 

Santa  Cms.. 

Shasta 

San  Joaquin 


Mendocino. 

Lake 

Yuba 

Glenn 


Summit.... 
Fremont... 

Douglas 

El  Paso.... 

Delta 

Denver 

Larimer 

Weld 

Mesa 

Garfield 

Gunnison.. 
ElPaso.... 

Bent 

Moffat 

Logan 

Rio  Blanco. 

Routt. 

Pueblo..... 
Sagaucha... 
Costilla 


Hartford. 
New  Haven. 
....do... 


Sussex... 

Hernando. . . 

DuvaL 

Osceola 

Columbia. . 
Escambia... 
St.  Johns . . 
Leon 


Early... 
HaU.... 
Pulaski. 
Jefferson 
Baldwhi 


Jaspar 

Oglethorpe. . 
Worth 


Brooks.. 
Murray. 
Floyd. . . 
Talbot.. 


Power 

Ada 

Net  Perce. . . 

Latah 

Cassia 

Canyon 

Boundary... 

Edwards. . . . 

Kane 

Macoupin... 

Coles 

Macon 

Lee 

Henry 

Mason 


1,064 

1,650 
130 

ao 

1,148 
3S 
4,106 
080 
1.860 
84 
186 

0,586 
5,343 
6,230 
6,008 
5,025 
5,272 
4,085 
4,640 
4,602 
5,080 
7,670 
10,265 
8,800 
6,190 
4,880 
6,182 
6,500 
4,685 
7,745 
7,704 

000 

117 
400 

20 

126 
222 

65 
210 
140 

10 
102 

800 
1,052 
285 
250 
276 
800 
600 
365 
173 
900 
676 
760 

4,341 
2,739 
757 
2,748 
4,700 
2,150 
1,665 

531 
678 
663 
720 
685 
725 
842 
475 


24  j  March,  18.6 |  2&4 

22  I  March,  18.2 1  24.2 

36  ,  February  i  (7),  1.1..  38.8 

21  March,  14.8 ,  26w0 

20!  Apri],2.5 !  3L1 

22  i  February  1(20),  9.6.!  29.2 


1«, 

22 

22  ! 
26  t 
20  ; 

20 
22 
20 
22 
20 
43 
20 
20 
23 
20 
22 
21 
22 
20 
20 
21 
19 
V 
19 
22 

30 
42 


May,  12.5 19.8 

April.  2J) !  3L0 

March,  31.4 >  16.7 

February . 26.2 ;  25.5 

Mardi,2.1 1  80.6 

July.  15.1 1L9 

April,  27.0 1  12.2 

May,  12.8 12.1 

May,  5.4.. 
May,  10.8. 
May,  3.9. 


November,  26.5 14.8 

November.  2S.6. ...  19i7 

December!  (7),  15J.{  22.4 

December,  4.1 10.8 

November,  184) 22. 8 

NovemberK21),26Jr  1L8 


9.7 
18.4 
12L8 

May,  4.2 10.5 

*     '*  ^^  ia2 

12L7 
13.8 
13.0 
10.1 
11.0 


Apri^,  29.2. 
April,  17.7. 
May,  2.8.. 
June,  28.2. 
June.  19.6. 
April,  27.0. 

June,  11.6 26.2 

May,  1.8 IXO 

June,  12.6 13.2 

June.  16.5 15.5 

April,  26.6. I    8.9 

May,25.8 i  13.6 

June,  6.7 ;  ILO 

May,6.0 1L9 

April,  16A Ml  2 

April,  30.8 0.8 

April, 21.5 i  ILl 

February!  (20),  16.1.   24.8 

February,  14.6 27. 5 

February  1(19),  2.5.   2a  8 

March,6.3 16.2 

February,  23.3 2L0 

February  >(»),  18.2!  18.0 
March,  1.0. i  20.3 

March,  18.5 ,  17.2 

AprIL5.7 1  8.5 

Mard^24.6 16.6 

March,  26.8 >  15.0 

March,  20.2. t  12.4 

March,  27.0 1  12.6 

April,  1.4. t  0.4 

March,  20.0. ;  17.2 

March,  17.6 17.7 

April,  15.5 ,  13.3 

April,  8.7 0.4 

March,  30.7 12.4 

May.20.4 i  20.1 

April,  26.1 ;  17.1 

14.1 
15.5 
17.8 
18.6 
19.2 


April,  6.3.. 
May,  5.0. 


May,  23.6. 
May,  4.6.. 
May,  10.1. 


April,  13.8.. 
BSy,4.7... 
April,  21.4... 
April,  28.4.. 
April,  23.0.., 
AprU,  28.8.., 
April,  29.9... 
April,  19.0.. 


10.2 
13.9 

lao 

13.7 

n.3 

1L8 
13.4 
13.0 


October,  0.1 

November,  10  J2 

November,  6.4 

December,  2.0 

November,  2S.4 


August,  18.6 

October,  11.1.... 

September,  21.6 

October,  1.0 

September,  27.0. . 

October,  6.8 

September,  25.6.. 

October,  1.0 

October,  17.9.... 
September,  20.7.. 

August.  31.1 

September,  8.4... 

October,  5.8 

September,  4.2. . . 
September,  80.8.. 
September,  11.3.. 
September,  6.3... 

October,  7.4 

September,  25.4 

September,  20.8... 


October,  3JS.. 
October,  21.3. 
October,  6.8... 


2616 
20.4 
18.8 
16.0 
8.7 

13.0 
14.3 
25.3 
1^4 
12L0 
1L5 

las 

13.0 
14.4 
iaL2 
12.3 
U.0 
12.8 
13.2 
13.6 

ia7 

8.7 
8.8 

ia4 

U.6 

8.8 

0.2 
ILl 

&7 

214 

17.1 
10.6 
15.0 
210 
2a6 


October,  X.3 

December  U20)40.1. 

December,  OJ) 

Decembert(19)j26.3. 

November,  30.0 

December,  0.4. t 

Deoemberi  (22),  ai.O<    

December,  2.5 ;  10.0 

November,  10.2 \  ULl 

October,  24.3 12.8 

November,  5.6 '  12.7 

November,  5.8 1X7 

November,  4.0 12.5 

November,  3.6 12.0 

October.  30.6 •  1L7 

November,  7.2 1L2 

November.  15.4.... I  13.5 

October,  18.2 !  0.7 

October,  25.5 &5 

November,  3.8 •  12L1 

September,  11.8 12.4 

October,  14.3 13.3 


October,  26.0, 

October,  8.4 

September,  19.1.. 
8eptembeiV28.5.. 
September,  27.9.. 


October,  21.5. 
October,  7.4.. 
October,  14.9. 
October,  14.4. 
October,  15.9. 
October,  10.6. 
October,  11.8. 
October,  17.3. 


17.7 
17.2 
12.5 
10l9 

ia7 
lai 

1L4 

ia6 

1L4 

lao 

12.4 

ia3 
ia3 


1  Some  years  are  frost  free.  The  numbers  in  parentheses  are  the  years  in  niiidi  frost  has  been  recorded 
«.  g.,  at  Brooksvllle  there  are  23  years  of  record,  of  which  4  were  frost  free  and  19  had  frost.  For  a  method  of 
determining  the  frost  risk  under  such  conditions,  see  Table  3,  p.  621. 
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station. 


niinoiB-Coiitd. 

LaHarpe 

Mount  Vernon. 

NewBurnside. 

Ottawa. 

Peoria 

Phllo 

Streatcr 

Winnebago 

Indiana: 

Columbus 

CkmnersviUe... 

Farmland 

Hammond 

Huntington... 

Kokomo 

Lafayette 

Logansport — 

Marengo 

Mount  Vernon 

Rockville 

SoutbBend... 

Vevay 

Vincennes 

Iowa: 

Algona 

Bonaparte 

Carroll 

Coming 

Dee  Moiaes 

Keokuk 

Osage 

Kansas: 

Ashland 

Atchison 

Burlington 

Colby 

Columbus 

Cunnin 

Dodge' 

EUinwt 

Emporia        _ 

Frankfort 

Garden  aty... 

Orenola 

Hutchinson 

Horton 

Independence. 

Lebo 

MoPherson 

Macksville 

Manhattan  (Ag- 
ric.Col.). 

Olathe 

Oswego 

Sedan 

Tqpeka 

Wichita 

Kentucky: 

Blandvllle 

Bowling  Oreen 

Earlington 

Eubank 

Mount  Sterling 

ShelbyviUe.... 
Louisiana: 

Alexandria 

Amite 

Donaldson  ville 

Liberty  HiU... 

Melvilte 

Monroe 

Opelousas 

Plain  DeaUng. . 

Sugartown 

Maine: 

Bar  Harbor 

Cornish 

Eastport 

Parmington 


County. 


HanoodE 

Jefferson.... 

Johnson 

La  Salle 

Peoria 

Champaign . 
La  Sailed.. 
Winnebago . 

Bartholo- 
mew. 

Fayette 

Randolph... 

Lake 

Huntington. 

Howard. 

Tippecanoe. 

Cass 

Crawford.... 

Posey 

Parke 

St.  Joseph... 
Switzerland. 
Knox 


Kossuth.... 
Van  Buren. 

Carroll 

Adams 

Polk 

Lee 
Mitoheii'"! 


Clark 

Atchison.. 

Coffey 

Thomas... 
Chen^ee.. 


Fo] 

Barton.. 

Ly 


Lyon 

MarshaU. 


Finney 
Elk... 
Reno.. 

Brown 

Montgomery 

Coffe; 

Mcr 

Stafford 

Riley 


Johnson 

Labette 

Chautauqua 

Shawnee 

Sedgwick... 


Ballard.. 
Warren.. 
Hopkins. 

PufesW 

Montgomery 
Shelby... 


Rapldee 

Tangipahoa. 
Ascension. 
BienviUe.. 
St.  Landry.. 
Ouachita.... 
St.  Landry.. 


Calcasieu.... 

Hancock.... 

York 

Washington. 
Franklin.... 


608 
511 
613 
500 
519 
700 
626 
000 

632 

844 
1,101 
506 
462 
076 
661 
620 
363 
410 
722 
726 
525 
431 

1,213 


1,260 

1,117 

861 

614 

1,184 

1,051 
073 
1,010 
3,138 
808 
1,680 
2,513 
1,700 
1,188 
1,146 
2,836 
1,116 
1,535 
1,188 
800 
1,138 
1,405 
2,032 
1,100 

1,032 
800 
834 
007 

1,377 

445 
500 

370 

1,177 

080 

750 

77 
130 
33 


268 


20 
784 

76 
450 


Years. 


April,  24.7 

April,  10.6 

April,  18.6 

AiMrll,26.2 

April,  15.1 

April,  30.7 

»!?.':::: 

AprU,27.0 

AprU,80.2 

April,  25.1 

.\pril,27.0 

May,  2.5 

April,  20.6 

April,  26.8 

April,  26.0 

April,  22.0 

April,  14.7 

AprU,26.0 

May,  5.0 

AprU,21.2 

April,  13.5 

May,  1.4 

April,  23.6 

April,  30.8 

April.  20.7 

April,  22.2.... 

April,  14.3 

May,  1.0 

April,  16.2 

April,  11.2 

April,  16.7 

May.  1.2 

April,  6.2 

April,  20.8 

April,  18.5 

April,  26.0 

AprU,10.5 

April,  22.0 

April,  28.7 

April,  15.2 

AprU,14.6 

April,  18.6 

April,  13.8 

April,  14.3 

April,  21.3 

April,  26.3 

April.  25.1 

April,  21.7 

April,  13.6 

April,  12.3 

April,  0.3 

April,  10.0 

April,  11.4 

April  17.6 

April,  13.8.... 

April,  22.8 

April,  16.4 

April,  18.7 

March,  12.4.... 
March,  14.2.... 
February,  26.5 
March,  23.1.... 
March,  10.5.... 
BCarch,  13.5.... 

March,  8.4 

March,  25.5.... 
March,  6.5 

May,  11.8 

May.  1.4 

April,  27.0 

May.  17.6 


10.1 
12.6 
12L0 
10.0 
ia2 
14.3 
12.0 
13.3 

12.7 

14.0 
14.0 

n.5 

14.1 
16.4 
13.9 
13.5 
13.7 
12.2 
13.3 
13.0 

n.3 

11.2 

10.3 
10.3 
10.8 
11.8 
14.4 
11.7 
17.7 

10.8 
14.0 
15.4 
11.8 
12.3 
15.7 
12.6 
13.4 
15.0 
13.4 
13.7 
13.4 
13.0 
11.4 
16.1 
14.5 
12.6 
15.9 
14.0 

14.6 
16.1 
15.0 
17.2 
13.3 

11.6 
10.7 

9.7 
10.2 
10.6 

9.7 

17.2 
15.5 
16.0 
15.9 
19.2 
13.1 
13.8 
16.0 
17.2 

13.7 
14.4 
8.0 
12.8 


October,  5.0 

October,  17.2.... 
October,  16.6.... 
October,  12.2.... 
October,  19.0.... 

October,  3.8 

October,  11.0.... 
October,  5.8 

October,  10.4.... 

October,  8.8 

October,  14.5.... 

October,  15.3 

October,  9.6 

October,  3.6 

October,  7.3 

October,  13.4.... 
October,  10.0.... 
October,  20.4.... 
October,  10.1.... 

October,  12.8 

October,  23.6 

October,  20.2.... 

October,  4.9 

October,  9.8 

October,  4.4 

October,  7.2 

October,  10.5.... 
October,  15.1.... 
October,  3.2 

October,  20.7.... 

October,  15.8 

October,  15.0.... 

October,  6.5 

October,  22.0 

October,  17.0.... 
October,  17.7.... 

October,  16.6 

October,  18.1 

October,  10.8 

October,  10.0 

October,  18.1 

October,  16.2 

October,  15.0 

October,  22.3 

October,  18.4 

October,  16.1 

October,  13.2 

October,  11.9 

October,  16.1 

October,  22.4 

October,  26.0 

October,  15.1 

October,  19.8 

October,  19.7 

October,  18.1 

October,  18.0 

October,  14.2 

October,  17.4 

October,  16.4 

November,  6.4 

November,  4.8    .  - 
November,  23.0. . . 

November,  3.8 

November,  5.0 

November,  10.6 

November,  12.0 

November,  5.2.. 
November,  18.3. 

October,  8.2 

October,  2.6 

October,  23.1 

September,  20.4 . 


13.7 
ILO 

las 

1L7 
9.8 
13.3 
12L3 
ll.» 

12.3 

12.9 
H.7 
11.7 
12.4 
12.4 
12.4 
12.8 
13.0 
10.0 
12.7 
12.3 
13.0 
14.1 

9.3 
11.0 
13.9 
11.8 
11.9 
12.8 
10.4 

12.0 
12.0 
U.4 
13.3 

9.0 
13.3 

9.6 
12.6 
12.3 
12.6 
13.4 
10.0 
10.5 
10.8 
12.0 

9.6 
12.0 
12.1 

n.3 

U.6 
12.6 
14.8 
10.7 
13.8 

9.8 
8.6 
10.8 
11.8 
9.8 
9.1 

13.7 
10.8 
14.0 
12.3 
U.7 
16.5 
11.3 
11.5 
13.1 

14.8 
9.7 
10.7 
10.2 
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station. 


ICarylaiKl: 

Annapolis , 

Baltimore 

Cumberland..., 

Emmitsburg.... 

Pallston 

Fort  McHenry  . 

Frederick 

Great  Falls 

New  Market.... 

Washington.... 

Woodstock 

Mflssaobusetts: 

Blue  HiU  Ob- 
servatory. 

Concord , 

Mlddleboro...., 

Monson , 

New  Bedford-. 

Somerset 

Westboro 

Williamstown., 
Michlean: 

Alpena , 

Berlin 

Calumet 

Grand  Rapids.. 

Ivan 

Kalamazoo 

Old  Mission... 

SaultSte.  Marie. 

Thorn  vllle 

Minnesota: 

Bird  Island 

Caleflonia 

Crookston 

Lontr  Prtiirie 

Lvnd 

Moorhead 

Mount  Iron 

Pine  lUver  Dam 

Two  Harbors... 

Wlnnibi^oshlsh 

Zumbrota 

Mississippi: 

Bay  St.  Louis... 

Agricultural 
College. 

Brookhaven 

Greenvillo . . . 

Kosciusko . . . 

Lake 

Natchez 

Missouri: 

ApplotonCity.. 

BIrchtree 

Conception 

Houston , 

Ironton 

Lebanon 

Liberty 

Mexico , 

Mount  Vernon. . 

Neosho , 

UnionvUle , 

Montema: 

Boulder  Nurs- 
ery. 

Bozeman 

Butte 

Columbia  Falls. 

Crow  Agency.. 

Fort  Benton... 

Glendive 

Great  Falls.... 

Havre 

Helena 

Miles  City 

Missoula 

Poplar 

Utfca 


Coonty. 


AnnaAnin- 

deL 
Baltimore.. 
Alleeany... 
Frederick.. 
Harford.... 
Baltimore.. 
Frederick.. 
Montgomery 
Frederick.. 

D.C 

Baltimore.. 

Norfolk.... 


Middlesex.. 
Plymouth... 
Hampden. . , 

Bristol 

Bristol 

Worcester. . , 
Berkshire . . . 


Alpena. . 
Ottawa. 


Houghton.., 

Kent. 

Kalkaska.., 
Kalamazoo. 
Grand  Trav- 
erse. 
CMppewa.. 
Lapeer 


Renville... 

Houston 

Polk 

Todd 

Lyon 

rfay 

St.  Louis... 
Crow  Wine. 

Lake 

Itasca 

Goodhue 

Hancock . . . 
Oktibbeha. 


Lincoln . . . . , 
Washington. 

Attala 

Scott 

Adams 


St.  Clair.... 

Shannon 

Nodaway . . 

Texas 

Iron 

Laclede 

nay 

Audrain 

Lawrence . . 

Newton 

Putnam 


JefTerson . 


Gallatin 

Silver  Bow., 
Flathead... 
Big  Horn . . 
Chouteau... 

Dawson 

Cascade 

Hill 

Lewis   and 
Clark. 

Custer 

Missoula.... 

Sheridan 

Fergus 


H.     Yean. 


145 

116 
623 
720 
450 
36 
275 
200 
550 
112 


640 

130 
53 

420 
88 
40 

298 

711 

609 

686 

[,246 

707 


955 

858 

614 
975 

1,039 
1,179 

863 
1,299 
1,175 

935 
1,510 
1,251 

614 
1,300 

917 

28 

424 

500 
126 
437 
446 
206 


1,200 

982 

1,280 

925 

1,265 

864 

797 

1,480 

1,023 

1,072 

6,200 

4,900 
5,716 
3,100 
3,041 
2,630 
2,069 
3,350 
2,487 
4,110 

2,371 
3,225 
2,020 
5,000 


April,  16.0 

April,  4.0 

AprU,14.5 

April,  10.8 

April. ».6 

AprU,12.0 

April,  17.7 

April,  17.5 

AprU,  18.8 

AprU,8.7 

April,  16.1 

April,  28.4 

May,  8.1 

May,  12.2 

M'iy.13.7 

April,  14.3 

April,  20.0 

May,  6.6 

May,  2.3 

May,  13.2 

May,  17.5 

May.  13.8 

April,  25.5 

May,  25.2 

April,  26.6 

May,  12.1 

May,  14.3 

April,  26.6 

May,  11.4 

May,  4.2 

May,  16.6 

Mav,  18.2 

May,  14.8 

Mav,  13.4 

Ji'iie,  1.2 

May,  16.0 

Mny,20.7 

May,  11.7 

May,  14.3 

Febniarv,  24.4.. 
March,  i6.3 

March,  18.0 

March,  19.0 

March,  28.1 

March,  24.4 

March,  11.9 

April,  20.0 

April,  13.5 

April,  19.0 

April,  24.9 

April,  26.4 

April,  14.7 

April,  17.5 

April,  16.9 

April,  23.8 

April,  23.7 

April,  23.5 

June,  12.3 

May,  25.4 

May,30.1 

June,  10.5 

May,  14.4 

May,  11.7 

Mav,  11.4 

May,  5.7 

May,  15.5 

May,8.4 

May,  3.0 

May,  24.1 

May,  13.7 

May,  25.8 


14.8 

15.3 
13.0 
10.7 
13.9 
10.8 
14.8 
13.7 
14.7 

n.i 

U.8 

10.9 

9.0 
12.4 
10.6 

lao 

13.2 
13.5 
10.7 

n.i 

1L2 
13.7 
13.7 
16.5 
13.3 
12.8 

9.8 
14.9 

12.8 
12.6 
12.1 
14.3 
13.3 
14.5 
10.6 
12.8 
13.1 
13.1 
13.5 

16.6 
13.5 


October,  3L9.. 


November,  4.6 

October,21.6 

October,27.1 

October,20.7 

November,  lai . . . 

October,24.8 

October,  19.1 

October,  22.0 

October,  22.3 

October,  14.6 


October,  12.7. 


October,  2.0 

September,  20.4... 

Septemba\  23.6 

October,  27.5 

October,  16.8.... 

October,  3.1 

October,  9.2 


September,  29.0. 

October,  4.6 

October,  6.8 

October,  13.2.... 
September,  23.7. 

October,  21.7 

October,  19.3.... 


September.  27.6... 
October,  11.9 


September,  28.4 . 

October,  3.3 

September,  22.1 . 
September,  22.2. 
September,  25.0. 
September,  23.2. 
September,  12.8. 
September,  17.6. 
September,  25.4 . 
September,  27.6. 
September,  27.3 . 


November,  28.7. 
November,  5.0. . 


17.5  I  November,  5.6. . 

15.6  1  November,  7.9. . 
U.6     October,  29.1.... 

October,  29.1..., 
November,  14.7. 


11.9 
16.2 


12.8 
10.6 
11.6 
13.1 
14.9 
12.4 
13.2 
10.0 
12.7 

n.7 
n.4 

15.0 

20.0 
19.1 
16.1 
14.4 
16.8 

n.o 

12.2 
1L2 
13.3 

las 

17.0 
12.2 
16.3 


October,  16.5., 
October,  18.2. 
October,  19.5.. 
October,  9.5.., 
October,  6.9... 
October,  20.7.. 
October,  10.4., 
October,  17.0. . 
October,  14.8. , 
October,  14.8. 
October,  12.1.. 


September,  3.4 . 


September,  7.7.. 
September,  16.2. 

Aueust.25.4 

September,  25.1 . 
September,  22.6. 
September,  19.9. 
September,  24.0. 
September,  18.4.. 
September,  26.8. 

September,  28.7. 
September,  16.2. 
September,  13.5. 
September,  15.9. 
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station. 


Nebraska: 

Ashland 

Beatrice 

Beaver  City 

Callaway 

David  dty 

Fort  Robinson.. 

rjothenburg 

Hartington.. 

Hot  Springs. 

Impenal 

Loagepole 

NorthTlatte... 

Omaha 

Syracuse 

valentine 

Nevada: 

Carson  City 

Elko 

Ely 

Lowers'  Ranch. 

Palmetto 

Potts 

Reno , 

Wells 

Winnemuoca... 
New  Hampshire: 

AlsteadTrr. 

Bethlehem 

Brookline 

Newton 

Plymonth 

New  Jersey: 

Atlantic  City... 

Bridgeton 

Charlotteburg. . 

Somerville 

New  Mexico: 

Agricultural 
College. 

Albuquerque... 

Carlsbad 

Deming 

Engle  and  Rio 
Grande  Dam. 

Fort  Union 

Fruitland 

Las  Vegas 

Los  L  un  as 
(near). 

Roswell 

SanMarcial 

Santa  Fe 

Springer 

New  York: 

Addison 

Angelica 

Appleton 

Bincrhamton 

Buiialo 

Cooperstown... 

Glens  Falls 

Gloversville 

Ithaca 

New  Lisbon 

Oswego 

Oxford 

Perry  City 

Rochester 

Romulus 

North  Carolina: 

Chapel  Hill 

Highlands 

Lenoir 

Lumberton 

Mount  Airy 

Newbem 

Salisbury 

Southport 

Waynesville 

Weldon 


County. 


Saunders... 

OAgfi 

Furnas , 

Custer 

Butler 

Dawes 

Dawson 

Cedar 

Sheridan... 

Chase 

Cheyenne.., 

Lincoln 

Douglas 

Otoe 

Cherry , 


Ormaby 

Elko... 

White  Pine. 

Washoe 

Esmeralda.. 

Nye 

Washoe 

Elko 

Humboldt . . 

Cheshire.... 

Grafton 

Hillsboro. . . 
Rockingham 
Grafton . . 


Atlantic 

Cumberland 

Passaic 

Somerset 

Dcma  Ana... 

Bernalillo... 

Eddy 

Lima 

Sierra 


M(H« 

San  Juan.. 
San  Miguel. 
Valencia... 


Chaves 

Socorro. .. 
Santa  Fe. . 
Colfax 


Steuben.... 
Allegany... 

Niagara 

Broome 

Erie 

Otsego 

Warren 

Fulton 

Tompkins.. 

Otsego 

Oswego 

Chenango.. 
Schuyler... 

Monroe 

Seneca 


Orange 

Macon 

Caldwell... 
Robeson... 

Surry 

Craven 

Rowan 

Brunswick. 
Haywood.. 
HaUfax.... 


1,120 
1,235 
2,147 
2,555 
1,619 
3,764 
2,557 
1,309 
3,821 
3,278 
3,820 
2,821 
1,108 
1,059 
2,596 

4,720 
5,432 
6,421 
5,200 
6,500 
6,900 
4,500 
5,628 
4,291 

1,120 
1,470 


126 
500 

16 
30 
719 
60 

3,863 

5,000 
3,120 
4,333 
4,265 

6,836 
4,300 
6,384 
4,900 

3,578 
4,454 
7,013 
5,857 

1,000 

1,340 
300 
875 
824 

1,250 
349 
850 
028 

1,234 
335 
938 

1,038 
523 
719 

500 

3,800 

1,186 

102 

1,048 

12 

760 

18 

2,792 

81 


Years. 


April,  2.1.8... 
April,  25.4.., 
May,  2.9..., 
May,  6.7..., 
April,  27.3.., 
May,  U.l... 
May,  3.S. .. 

May,  .'jj 

MuV,  12.4.., 
MnV.  .'.,0..., 
MaV,  ir..6,.. 
Ma  v.  2.1..., 
April,  15.4.., 
AT.ril,  23.6.., 
May,  6.0 

May,  20.2. . 
May,  30.9.  .' 
June,  10.4... 
May,  30.1... 
June,  12.6... 

June,  8.5 

May,  13.5.... 
May,  30.3.. 
May,  16.6.... 

May,  22.1... 
May,  19.3. . . 
May,  17.8. . , 
May,  21.1... 
May,  22.5. . . 

April,  12.6... 
April,  21.6... 
May,  10.4. . . 
May,  5.2.... 

April,  11.2... 

April,  16.8... 
March,  28.8., 
March,  23.1. 
April,  5.6.... 

May,  15.6. . . 

May,  6.7 

May,  4.9. . ., 
April,  14.2... 

Aprfl.9.0.... 
April,  6.6... 
April,  24.1... 
May,  11.8. . . 

May,  10.0. . . 
May,  20.8. . . 
May,  4.0..., 
May.  7.0. . .. 
April,  30.6... 
May,  10.0.... 

May,  5.9 

May,  10.1... 
May,  3.5.... 
May.  24.6. . . 
April,  26.6. . 
May,  17.3. . . 
May,  18.2. . . 
April,  23.4... 
May,  6.5. ... 

April,  6.5.... 
April,  26.6... 
Aprfl.  16.5.., 
March,  30.9.. 
AprU,  21.0... 
Apra,8.5.... 
Aprfl,  10.5... 
March,  22.9.. 
Aprfl,  25.6... 
Aprfl,  12.8... 


11.2 
13.0 
ILO 
11.1 
15.6 
U.8 
11.4 
10.0 
8.7 
U.8 
9.8 
9.9 
12.0 
12.8 
13.6 

16.3 
16.6 
18.6 
20.5 
17.0 
21.9 
17.1 
24.6 
15.6 

12.1 
15.9 
10.9 
13.7 
U.0 

9.5 
16.8 

9.5 
11.5 

16.5 

8.1 
15.5 
13.9 
16.4 

15.2 
12.6 
10.0 
14.6 

12.5 
12.8 
10.1 
16.7 

14.9 
17.8 
12.5 
14.1 
13.1 
12.4 
11.9 
12.7 
13.0 
12.0 
14.5 
10.8 
13.0 
13.1 
12.9 

13.0 
18.4 
11.5 
12.7 
13.4 
18.0 
12.1 
16.3 

n.2 

13.0 


October,  10.9.... 

October,  9.7 

October,  7.4 

September,  23.8. 

October,  8.0 

September,  19.3. 
September,  27.3. 

October,  2.8 

September,  19.4 . 
September,  29.0. 
September,  19.6. 
September.  29.6. 
October,  12.2.... 

October  8.3 

September,  30.3. 

September,  21.1 . 
Septemljer,  8.6.. 
September,  11.0. 
September  25.3. . 
September,  16.9. 
September,  6.4.. 

October,  3.0 

September,  17.3. 
September,  24.6. 

September,  26.5. 
September,  17.9. 
September,  25.0. 
September,  23.5. 
September,  24.6. 

November,  2.0. . 
October,  21.9.... 
September,  26.3. 
October,  8.1 


October,  22.3. 

October,  23.3. 
October,  30.2. 
October,  30.6. 
October,  31.4. 


October,  5.6 

October,  6.0 

October,  4.9 

October,  18.6. . . 


October,  25.9.... 
October,  24.4.... 
October,  19.6.... 
September,  30.4 . 

October,  5.4 

September,  23.6. 
October,  13.6.... 
October,  25.0.... 
October,  18.2.... 
Septeml)er,  29.3. 

October,  1.8 

September,  25.5. 
October,  10.7.... 
September,  22.6. 

October,  21.0 

September,  25.3. 
September,  26.8. 

October,  16.8 

October,  10.4.... 


October,  28.7.... 
October,  11.9.... 
October,  18.3.... 
November.  2.2. . 
October,  16.7.... 
No%-ember,  5.4. . 
October,  24.6.... 
November.  11.5. 

October,  12.1 

October,  25.8.... 


13.1 
U.6 
11.0 
12.0 
14.0 
11.5 
11.2 
13.0 
10.4 
11.9 
10.9 
11.0 
13.6 
12.2 

n.8 

13.5 
15.0 
n.9 
16.8 
13.3 
20.2 
12.2 
21.4 
13.8 

n.s 

10.9 

n.6 

11.7 
&4 

10.6 
12.2 
8.8 
9.4 

9.0 

12.9 
9.8 
12.5 
12.2 

1L6 
9.5 
10.5 
11.8 

8.3 
12.6 
10.5 
13.0 

13.8 
14.6 
10.2 
11.9 
11.8 
11.9 
12.7 
9.6 
10.8 
13.1 
10.1 
12.2 
12.7 
11.7 
12.4 

11.9 
13.6 
10.7 
11.7 

9.3 
13.5 
10.7 

9.7 
11.4 

9  7 
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station. 


North  Dakoto: 

Bismarck 

Bottineau 

Buford 

Dickinson 

Ponnan 

Oarrlson 

Jamestown — 

Lorimore 

IfcKinney 

Ifedora 

Mint© 

Napoleon 

New  England. 

Pembina 

Power 

Steele 

University 

Wahpeton 

Willlston 

Willow  City... 
Ohio: 

Bellefontaine.. 


County. 


1,874 
1,038 
1,M4 


Cambridge, 
fort.. 


Burleigh.. 
Bottineau. 
WlUiams.. 

Stark j  2,643 

Sargent !  1,249 

McLean ;  1,901 

Stutsman...;  1,390 
Grand  Forks^  1,134 
RenvUle....!  1,640 

Billings I  2,225 

—  •  •  820 

1,955 
2,400 


Frankfort 

Granville 

Jackscmboro... 

KUlbuck 

Marietta 

Medina 

Montpelier 

New  Alexandria 

Ottawa 

Plattsbure 

Portsmouth 

Warren 

Vickery ^ 

Oklahoma:  | 

Arapaho ! 

Fort  Sill 

Healdton 

Jefferson 

Mansum 

Okluioma 

Stillwater 

Oregon: 

Albany 

Ashland 

Baker 

Bums 

Cascade 

Corvallis 

Eola 

Eugene 

Forest  Grove... 

Gardiner 

Glenora 

Grants  Pass — 

Heppner 

Hooa  River 

Jacksonville — 

Joseph 

La  Grande 

McMfamvlUe.... 

Miramonte 
Farm. 

Mount  Angel... 

Newport 

Pendleton 

Roseburg 

Salem 

Silver  Lake 

Sparta 

The  Dalles 

Toledo 

Vale 

Weston 

Williams    


Walsh 
Logan.... 
Hettinger. . . 

Pembina 

Richland 
Kidder. . 
Grand  Forks 
Richland.. 
Williams... 
Bottfaieau.. 


Logan 

Guernsey. . . 

Roes 

Licking 

Butler , 

Holmes 

Washington. 

Medina 

WUliams.... 
Jefferson  — 

Putnam 

Clark 

Scioto 

Trumbull... 
Sandusky... 


Custer 

Comanche... 

Carter 

Grant 

Greer 

Oklahoma. . 
Payne 

Linn 

Jackson 

Baker 

Harney 

Hood  River. 

Ben  too 

Polk 

Lane 

Washington. 

Douglas 

Tillamook... 
Josephine... 

Morrow 

Hood  River. 

Jackson 

Wallowa — 

Union 

Yamhill.... 
Clackamas.. 


Marian 

Lincoln 

Umatilla. . . 
Douglas — 

Marlon 

Lake 

Baker 

Wasco 

Lincoln 

Malheur. . . 
UmatUla... 
Josephine.. 


Years. 


1,020 
1,857 
830 
902 
1,872 
1,471 

1,27« 
803 
745 
960 
975 

1,087 
627 
944 
880 

1,060 
720 

1,130 
527 
900 


1,575 
1,160 

900 
1,062 
1,585 
1,247 

880 

212 

1,940 

3,471 

4,167 

100 

366 

670 

485 

220 

82 

575 

956 

1,960 

300 

1,640 

4,400  ; 

2,784 

154 

195 

485  \ 

69  I 

1,070  j 

510  ' 

120 
4,700  I 
4,160 

112 

75 

2,242 

1,800 

1,368 


40  I  May, 

20  1  May, 
28  I  May, 
33  May, 
23  May, 
30    May, 

22  May, 

21  May, 
21  May, 
18    May, 

23  May, 
28    May, 


May, 
May, 
May, 
May, 
May, 
May, 
May, 
May, 


11.1. 
19.9. 
12.3. 
24.8. 
22.3. 
13.8. 
18.3. 
23.0. 
28.2. 
20.0. 
26.7. 
27.1. 
19.0. 
26.2. 
24.5. 
23.0. 
18.2. 
18.0. 
16.3. 
16.9. 


May,  1.2 

May,  8.2 

April,  28.0... 
April,  30.0... 
ADrIl,28.6... 

May.  4.8 

Aprfl,  18.7. . . 
May,  13.3.... 

May,  2.0 

April,  30JJ... 

May,  3.8 

May,  2.2 

April,  16.8... 
Hfoy,  14.3.... 
May,  8.1 

April,  7.6.... 
March,  28.3. . 

April,  4.3 

April,  13.0... 
March,  34.3.. 
Aprfl,  1.6.... 
M!arch,30.3.. 


March,  31.0 

April,  16.8 

May,  16.0 

May,38.6 

April,8.4 

April,23.5 

Mardi.14.7 

Ar^-fUJ.l 

A        30.7 

M;u-r,,, 26.4 

Mav,i9.1 

May,  15.2 

Apfi1.29.3 

April,  15.8 

April.  17.3 

Miiv   12.0 

Apfil,22.9 14.7 

April  284 15.1 

A      '  23.1 18.9 

Aprn,1.7 18.9 

March,24.7 20.8 

May.6.8 19.7 

April,l4.8 19.7 

April, 7.0 18.4 

Junel7.0 18.9 

May,3.4 22.0 

Aprn,13.2 13.1 

April,  19.5 16.1 

May,20.1 18.4 

May,  1.3 18.8 

May,  10.4 17.3 


10.2 
9.9 
12.4} 
13.9 

17.2  I 

13.3  I 

13.0  i 
8.9 

12.1 
13.5 

n.5 

13.1  ! 

lai ' 

14.1 
14.6 
14.1 
13.8  I 

12.4  , 
11.8  I 
12.9 

14.8  I 
13.7  I 
14.9 
13.1  ' 

9.1 : 

16.0 
13.1 
16.6 

12.9  1 
14.0  ' 

n.7 1 

15.4 
13.5 
13.3 

14.5  ! 

14.9 

15.6  I 

15.7  I 
15.4 
13.3 
15.8 
15.6 

21.7 
19.0 
2L1 
33.4 
19.0 
13.8 
35.6 
18.3 
13.0 
30.1 
33.7 
17.6 
14.2 
14.4 
12.5 
16.1 


September,  19.2.. 
September,  9.S... 
September,  33.3. . 
September,  10.3.. 
September,  20.0.. 
September,  33. 3.. 
September,  17.9.. 
September,  18.0.. 
Septen;ber,5.3... 
September,  10.9.. 
September,  16.7.. 
September,  9.1... 
September,  9.9... 
September,  11.1.. 
September,  19.6.. 
September.  12.0.. 
September,  20.1 . . 
September,  18.3.. 
September,  31.5.. 
September,  13.0.. 


October,  S.3... 
October,  3.0... 
October,  13.0. 
October,  8.3.. 
October,  17.3. 
October,  5.4.. 
October,  21.9.. 
October,  9.2.. 
October,  6.5.. 
October,  11.3.. 
October,  7.0. . . 
October,  5.9... 
October,  31.0.. 
October,  5.7... 
October,  9  J>... 


October,  38.5... 
November,  7.4. 
October,  29.7... 
October,  24.5... 
November,  3.0. 

Nov.  1.0 

October,  39.5... 


October,  30.5 

October,  31.3 

September,  26.0... 
September,  16.3... 
November,  11.9... 

October,  16.5 

November,  10.4... 

November,  3.8 

October,  16.5 

November,  29.5... 

October,2.8 

October,1.5 

October,  12.9 

October,  22.7 

October,  29.7 

October,  5.5 

October,  5.4 

October,  11.7 

October,  31.7 


November,  3.5.. 
November,  29.8. 

October,  2.2 

November,  12.1.. 
November,  1.0.. 
September,  1.9.. 

October,  14.6 

October,  23.3 

November  4.2... 
September,  11.7. 

October,  6.1 

September,  24.2. 
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Station. 


County. 


PennyslTania: 

Cofttesvflle. 

Emporitnn 

Huntingdon 

Johnstown 

Lebanon 

Lewfeburg 

Lock  Haven. . . . 

Mauch  Chunk.. 

Quakertown 

Ba^erstown. . . . 

Towanda 

Unlontown 

Wellsboro 

Westchester... 
Rhode  Island: 

Kingston 

Providence 

South  Carolina: 

Ferguson  & 
Trial. 

Georgetown .... 

Little  Mountain 

Society  Hm.... 

Spartanburg. . . . 

Trenton 

South  Dakota: 

Aberdeen. 

Alexandria 

Brookings 

Canton 

Clark 

DeSmet 

Faulkton 

Flandreau 

Forestbure 

Greenwood 

Highmore 

Howard 

Huron 

Kimball 

Hilbank 

IfeUette 

Mitchell 

Oehlchs 

Pierre 

Rapid  City 

Rosebud 

Sioux  Falls 

Spearfish 

TyndaU 

Vsrmilion 

Watertown 

Wentworth. 

Yankton 

Tennessee: 

ClarksvUle 

Florence. 

Hohenwald..... 

Knoxville 

Memphis 

Rogersville 

Rugby... 

Savannah 

Texas: 

Abflene. 

Amarillo 

Ballinger 

Brownwood .... 

Childress 

Colorado 

Corsioana. 

El  Paso 

Fort  Clark 

Fort  Stockton.. 

Gainesville 

Haskell 

HuntsviUe. 


Chester... 
Cameron. 
Huntingdon. 
Cambria. . . 
Lebanon... 

Tnlon. 

Clinton 

Carbon 

Bucks 

Crawford... 
Bradford. . . 
Fayette.... 

Tioga. 

Chester 


Washington. 
Providence.. 

Berkeley 

Georgetown. 
NewBerry. . . 
Darlington.. 
Spartanburg 
Edgefield. . . 


Brown 

Hanson 

Brookings... 

Lincoln 

Clark 

Kingsbury. . 

Faulk 

Moody 

Sanborn 

Charles  Mix. 

Hyde 

Mfaier 

Beadle 

Brule 

Grant 

Spink 

Diavisan 

Fall  River.. 

Hughes 

Pennington. 

Todd 

Mhinehaha.. 


Lawrence.. 
Bonhomme. 

Clay 

CodJngton.. 

Lake. 

Yankton.... 

Montgomery 
Rutherford. . 

I^ewis 

Knox 

Shelby 

Hawkins.... 

Morgan 

Hardin 


Taylor , 

Potto- 

Runnels..... 

Brown , 

Childress.... 

Mitchell 

Navarro..... 
El  Paso.... 

Kinney 

Pecos 

Cooke 

Haskell 

Walker 


880 

1,060 
«0 

1,148 
458 
450 
680 
634 
628 

1,116 
764 
909 

1,327 
466 

250 
182 

86 

12 
711 
192 
876 


1,300 
1,352 
1,630 
1,248 
1,789 
1,726 
1,606 
1,665 
1,231 


1,800 
1,564 
1,306 
1,788 
1,148 
1,300 
1,312 
3,339 
1  572 
3,234 
2,600 
1,400 
3,647 
1,418 
1,222 
1,736 


1,233 

500 

660 

983 

1,028 

347 

1,160 

1,410 

442 

1,738 
3,676 
1,637 
1,342 
1  869 
2,060 

446 
3,782 
1,050 
3,050 

738 
1,653 

400 


Years. 


April,  20.1 

May,  13.8 

Mav,  7.3 

Mav,  2.6 

April,  27.8 

May,  4.4 

April,  30.8 

April,  30.4..^.. 
April,  29.8..... 

Mav,  21.0 

MaV,  3.9 

April.  26.4 

Mav,  16.1 

April,  15.1 

April,  28.2 

April,  21.6 

March,  25.3.... 

March,  10.4.... 
March,  24.9.... 
March,  19.7.... 
March,  30.2.... 
March,  18.6.... 

Mav,  itf.u 

Mav,  13.1 

May,  18.8 

May,  8.8 

May,  18.7 

MaV,  12.7 

Mav,  11.2 

May,  14.9 

May,  15.0 

April,  2'».8 

May,  12.U 

May,  15.7 

May,  U.6 

May,  6.0   

May,  13.  J 

May,  17.7 

Mav,  10.0. 

MaV.  li.5 

April,  30.6..... 

May,  5.3 

MaV,  11.5 

Mav,  9.4 

Mav,  7.3 

MoV,  7.9 

May,  4.0 

Ma>-,22.0 

May,l&3 

May,  2.6 

April,  4.7 

April,  4,4 

April,  13.3 

April,  2.7 

March,  21.9.... 
April,  16.5..... 
April,  22.8..... 
April,  2.6 

March,  21 J^... 
April.  16.6..... 
March,  27  J.... 
March,  24.8.... 

April,  3.9. 

April.  6.4 

March,  16.8.... 
March,  10.6.... 
February,  28.8 
March,  30.6.... 
March,  26.7.... 
March,  29.4.... 
March,  6.6 


9.6 
1L9 
16.0 
16.0 
14.0 
16.1 
14.0 
12.9 
14.1 
16.2 
U.4 
16.4 
1&6 

ia2 

9.0 
9.1 

14.4 

16.6 
12.6 
12.8 
10.9 
13.1 

12.5 
13.2 
13.4 
15.6 
16.4 
13.3 
1L9 
14.6 
13.9 
10.6 
10.8 
13.7 
13.1 

lai 

12.7 
14.9 

n.6 

8.7 
8.3 
9.7 
n.6 

ia3 

16.5 
15.0 

ia5 

13.5 
17.0 

n.2 

10.6 
8.7 

ia6 
ia7 

14.3 

ia4 
n.4 

13.0 

13.9 
13.2 
1&2 
1&5 
18.6 
1&3 
16.1 
1&9 
18.6 
18.6 
16.2 
13.6 
16.6 


Ortol)er,  15.9 

October,  5.6 

October,  6.6 

October,  11.7 

October,  11.6 

October,  12.3 

October,  11.7 

October,  !>.0 

October,  8.2 

September,  26.1.... 

October,  4.9 

October,  18.7 

September,  26.9 

October,  23.4 


October,  13.1. 
October,  17.1. 


laa 

1L8 
12.9 

lar 
lai 

8.9 
11.6 
9.7 

ia4 
ia9 

11.8 

lai 

11.3 

laa 

11.9 
13.6 

11.6 

12.3 
11.0 

ia9 

11.8 
14.9 

18.0 
14.8 
13.1 
12.9 
11.7 
12.6 
11.1 
11.6 
12.7 
11.7 
11.8 
14.0 
12.7 

las 

11.1 
14.0 
12.3 
14.6 
13.1 
10.6 
12.9 
13.2 
12L0 
17.0 
13.2 

ia3 

11.4 
13.0 

9.6 
10.5 
12.6 
12.7 
12.8 

ia4 

12.1 

lao 


November,  10.0....  12l4 

October,  28.6 laS 

November,  6.4 13. 7 

November,  7.6 11. 2 

November,  6.4 11. 7 

November,  6.6 14.1 

November,  13.1 11. 1 

November,  16.9 ,  1 1. 0 

November,  25.4.... 1  14.0 

November,  6.9 1  12.6 

November,  6.6 9.9 

November,  11.6 7.7 

November,  22.3 '  12.9 


November,  5.8. . 

November,  20.1 . 
November,  11.0. 
November,  9.0. . 
November,  1.8. . 
November,  16.0. 


September,  20.1 

September,  26.3 

September,  21.1 

October.  1.3 

September,  26.6 

September,  21.8 

September,  26.2 

September,  21  J{ 

September,  22.1 

October,  3.6 

September,  28.0 

September,  lai 

September,  21.9 

October.  1.6 

Septemoer,  27.2 

September,  22.6 

October.  1.2 

September,  18.3 

October,  6.2 

September,  27.8 

September,  26.4 

September,  27.1.... 
September,  2& 9.... 

September,  26.4 

October,  6.1 

September,  20.4 . . . . 

September,  26. 4 

October,  6.6 


October,  25.0... 
October,  23.7... 
October,  13.1... 
October,  26.4. . . 
November.  1.6. 
October,  18.8... 
October,  12.5. . . 
October,  24.6... 
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station. 


Comity. 


H.    |Y«an. 


Toxat— Continiied. 


Lonfview 

Mount  Blanco.. 

New  Braunfela. 

Parto 

Temple. 

Weatberford.... 
Utah: 

Connne 

Deteret 

Fillmore 

Heber 

Levan 

Loa 

Logan 

KanU 

Moab 

Parowan 

Rlchfleld 

St.  George 

Salt  Lake  City.. 

Scipio 

Vernal 

Vermont: 

Enosbm^FaUfl. 

Jac!^flonville 

Northfield 

Welii 

Woodstock 

Viri^iia: 

Big  Stone  Gap.. 

Blrdsnest 


Blad'sborg 

DaleEnterprlae. 

Fort  Monroe.. . . 

FrederiC'TSbuig. 

Hot  Springs I 

Lvnchburg I 

Marion 

Norfolk I 

Petersburg 1 

Staunton 

Warsaw ! 

Washington:  I 

Aberdeen 

Bellingham I 

Centralia 

Colfax 

Ellensbnrg 

Lalceside 

Moxee 

Olga 

Olympia 

Pomeroy 

Port  Crescent... 

Pullman 

Rosalia 

Seattle 

Snohomish 

Spokane 

Sunnyslde 

Walla  Walla.... 

Watervilie 

West  Virelnia: 

Buclmannon . . . 

Burlington 

Elkhom 

Glenn  ville 

Grafton 

Martinsburg 

NuttaUburg.... 

New    Martins- 
▼iUe. 

Point  Pleasant.. 


Llano 

Gren.... 
Crosby... 
Ccmai.... 
I<amar... 

Bell 

Parker... 

Boxelder. 
MUlard... 

do... 

Wasatch 

Juab 

Wayne... 
Cache.... 
Sanpete.. 

Grand 

Iron 

Sevier.... 
Washington. 
Salt  Lake... 

Millaid 

Uinta 

FranivUn 

Windham... 
Washinftoo. 

Rntlana 

Windsor.... 

Wise 

Northamp- 
ton. 

Montgomery 

Rocking- 
ham. 

Klixabeth 
aty. 

Spotsylvania 

Bath 

Campbell... 

Smvthe 

Norfolk 

Dinwiddle.. 

Augusta 

Richmond . . 

Chehalis 

Whatcom... 

Lewis 

Whitman... 

Kittitas 

Chelan 

Yakima..... 
San  Juan.... 
Thurston... 

Garfield 

Clallam 

Whitman... 

...do 

King 

Snohomish.. 

Spokane 

Yakima 

WallaWalla. 
Douglas 

rpshur 

Mineral 

McDowell. . . 

Gilmer 

Taylor 

Berkeley 

Favette 

Wetzel 

Mason 


1,040 
396 

3,750 
730 
003i 
OOi 
864 

4,M0 

4,541  ' 

5,100 

5,683 

5.010 

7.000 

4,507 

5.575 

4,000 

5.970 

5,350 

2.880 

4.360 

5,360 

5,060 

601 
1.000 

876 
750 
700 

1.540 
40 

2,170 
1.450 


100 

3.105 

681 

2,135 

01 

60 

1.380 

200 

162 

60 

212 

2,300 

1.571 

1.116 

1,000 

60 

45 

1.860 

250 

2.650 

2,425 

248 

55 

1,043 

740 

1,000 

3.624 

1,411 

876 
1,933 

788 
1,000 

435 
2,252 

634 


558 


March,  19J... 
March.lX4... 
AnrirVj.... 
March,  4.0..., 
March,  18.9... 
March,  10 J... 
March,  23.7... 


2L3 
1X7 
14.3 
1L8 
l&l 
14.7 
10.6 


May,  16.6 15.1 

May,28.0 14.8 

May,22.4 ;  19.0 


Jnne,  30.6.. 
May,  39.0... 
June,  19.7... 
May.  14JI..., 
May,  34.3... 
April,  19.4.., 
May,  39.6... 

June,  2.6 

April,  31.8... 
AprU,  30.9... 
June,  17.6... 
May,  16.3... 


May,  16.9 

May,32.6 

Mav,33.6 

May,9.6 

May,  13.8 


Aprfl,34.4... 
Much,  39.8... 


Aprfl,  28.6... 
Aprfl,  27.7.., 

March,  31.0.. 

April,  10.9... 
May.  1.0.... 
April,  8.1.... 
April,  33.9... 
March  34.6.. 
AprU,  9.7.... 
April,  18.9... 
April,  13.1.. 


24  April,  20.8. 

30  April, 22.0 

19  May,6.1 

21  May,22.8 

23  May,  13.0 

21  April,  9.6 

23  Mav.17.2 

28  April,  8.1 

37  April,  21.4 

21  April, 26.0 

16  ADril,3.5 

21  May,  7.7 

22  May,  27.1 

24  March,  20.1 

20  April,  22.5 

33  I  April,  11.4 

20  May  3.3 

29  March,  30.0 

22  May,24.9 


May,  7.4... 
May,  7.6... 
April,  24.9.. 
April,  29.1.. 
May,  3.9... 
Aprfl,  19.1.. 


21 
21 
23 

28  i 

24 
20  ! 

281 


38     April,  33.0.. 


Aprfl, 
May,  8.6... 
April,  27.7., 


14.0 
16.0 
14.9 
16.6 
19.1 
12.8 
13.0 
16.8 
17.9 
l&O 
14.9 
16.0 

IZS 
12.0 
1L2 
12.5 
16.3 

12.1 
11.6 

16.4 
12.9 

16.0 

13.1 
13.1 
18.3 
U.6 
13.8 
13.2 
10.2 
n.3 

17.5 
19.4 
16.6 
17.0 
13.3 
13.4 
16.1 
22.1 
19.7 
17.7 
16.8 
16.5 
26.5 
21.1 
22.6 
21.0 
16.2 
15.9 
16.1 

16.9 
15.9 
11.5 

n.6 

11. 0 
1L2 
14.4 
14.3 

18.7 


Koiveniber,  17.7... 
Nownber,  16L6. . . 

October,  39.6. 

Nownber,  3S.8. . . 
November,  11.8. . . 
November,  17 J). . . 
November,  10.6. . . 

S«>tember38.8.... 
September,  144... 
September,  22.1... 

August.  30.7. 

September,  39.4... 
September,  4.6.... 

October,  6.1 

September,  31.4. . . 

October,  6.8 

September,  25.9... 
September.  16  J . . . 

October,  m 

October,  19.3...... 

September,  7.2 

September,  3S.3. . . 

September,  18.6... 
September,  15.1... 
September.  16.4... 

October,  1.8 

September,  27.3 . . . 


October,  143.... 
November,  18.9. 

October,  7.6 

October,  9.3 


lae 
ia6 

&7 
UL7 

8.7 
ULS 

8.8 

14.4 
ILS 
UL5 
9.8 
13.8 
12.3 
15.1 
14.5 
14.0 

las 

13.7 
16.1 
13.4 
9.7 
11.3 

8.6 
13.6 
10.3 
11.6 
1L3 

n.3 

9.9 

14.3 
12.4 

14.9 

las 
ia9 

1X8 
ILl 
12.0 
12.3 

las 

9.6 

22.1 
19.0 
30.3 
14.9 
ILO 
12.8 
1L7 
24.7 
32.4 
36.6 
13.9 
14.9 
17.7 
15.4 
35.1 

October;  13J> t    17.3 

1X6 
16.0 
16.3 


November,  34.3. 


October,  23.7... 

October,  8.0 

October,  27.4... 
October,  11.0... 
November  16.6. . 
October,  25.4... 
October,  16  7..., 
October,  24.4... 


October,  27.3 

October,  19.1 

October,  13.8 

September,  16a 

September,  21.6 

October,  20.8 

September,  21.0 

November,  9.5 

October,  27.5 

October,  5.0 

October,  29.6 

October  4.1 

September,  23.2 

yovember,  2X6 

October,  20.4 


October,  5.8, 

November,  7.7 

September,  20.8 


October.  3.7. . 
October,  3.8.. 
October,  12.5. 
October,  12.5. 
October,  9.0. . 
October,  17.2. 
October,  11.1. 
October,  16.8. 

October,  15.9. 


X9 
ILO 
11.6 
ILO 
10.9 
10.1 

ia7 

X4 
ia6 
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Table  2. — Frost  data  for  selected  stations — Continued. 


station. 

County. 

H. 

1,293 
1.005 
586 
681 
974 
616 
996 
628 
930 

6,088 
4.472 
7.188 
5,867 
5,007 
4.000 
6.200 

Years. 

A.. 

<r.. 

A.. 

'ft. 

WiflCODflin: 

Florenoe 

Orantsborg 

OreenBay 

LaCroese 

Florenoe 

Burnett 

Brown 

LaCroase... 

Dane 

Manitowoc.. 

Clark 

Crawford .... 
Monroe 

Laramie.... 

Goaben 

Albany 

Fremont.... 
Niobrara.... 
Sheridan.... 

21 
22 
28 
42 
37 
31 
22 
24 
22 

42 
20 
24 
21 
22 
19 
13 

May,  29.4 

MaV,20.4 

MaV,5.5 

Arrll,26.1 

&8 
14.9 

n.4 

14.4 
9.7 
14.2 
13.2 
18.1 
14.1 

10.0 

n.i 

16.1 
16.1 
15.2 
8.4 
15.8 

September,  16.8.... 
September,  20.9.... 

October,  9.2 

October,  11.9 

October,  17.3 

October,  13.8 

September.  24.2.... 

October,  11.6 

September,  19.5.... 

September,  17.2.... 

September,  18.4 

September,  10.8 

September,  11.0.... 
September,  14.7.... 

September,  17.0 

September,  13.8 

lis 
9.0 

12.8 
9.8 

Ma^iflon  . 

Anjil.  22.8 

10.7 

Manitowoc 

Mav/l.6  

10.9 

XelllsvlUe 

Mav,  17.5 

12.5 

Prairieda  OhieQ. 
VaUeyJmictkm. 
Wyoming: 

Cheyenne 

Fori  Laramie... 

April,  27.2 

May,  13.9 

Mav,20.3 

n.6 

17.8 
11.3 

May,  16.0 

n.2 

Laramie 

Mayi30.2 

10.8 

Lander 

Uf^y.  Q3,V., 

11.9 

Lmy 

May  Mli: 

28.6 

Sheridan 

May  18^....;::.:: 

7.7 

Yellowstone 

May,  24.1 

17.1 

Park. 

Explanation  of  symbols: 

H  is  elevation  above  sea  level. 

Aa  is  the  arithmetical  average  of  the  dates  of  the  last  killing  finost  in  each  year  of  record. 

wm  is  the  standard  deviation  of  the  date  of  last  killing  firost  in  spring. 

A«  is  the  arithmetical  average  of  the  datee  of  the  first  killing  firost  in  each  year  of  record. 

#•  is  the  standard  deviation  of  the  date  of  first  killing  fhwt  in  taH. 

Table  8. — Factors  for  determining  the  chance  of  killing  frost 


Killing  frost  will  occur  on  the  average  in— 


In  spring  after. 


In  fall  before. 


Iyearln2 

lyearlnS 

1  year  in  4 

1  year  in  6 

1  year  hi  10.... 
1  year  in  15.... 
1  year  hi  20.... 
1  year  in  26.... 
lyeartnao.... 
1  year  in  50... 
1  year  in  100.. 
1  year  fai  1,000 


A. 

A.+a431 
A.+  .674 
A.+  .842 
A.+L282 
A.+ 1.501 
A.+L646 
A.+1. 751 
A.+L834 
A.+2.054 
A.+2.326 
A.+3.090 


A. 
A.- 
A.- 
A.- 
A.- 
A.- 
A.- 
A.- 

t: 

A.- 
A.- 


-0.431#» 
.  .674^a 
-  .842«r» 
■  1.282  c^ 
-L501<r» 
-L645<r» 
-1. 751  a, 
-L834a. 
-2.054  <r» 
-2.326«r. 
-3.090  a. 


When  As  is  the  average  date  of  last  killing  frost  in  spring  and  Aa  is  the  average 
date  of  first  killins  frost  in  fall  and  ag  is  the  standard  deviation  of  the  last  killing  froflt 
in  spring  and  a*  the  standard  deviation  of  the  first  killing  frost  in  fall.^ 

To  determine  the  length  of  time  after  (or  before)  the  average  date  when 
the  last  (or  first)  frost  is  likely  to  occur  in  a  given  number  of  years  it  Is 
necessary  to  multiply  the  standard  deviation  by  a  given  factor  as  shown  by 
Table  3.  For  example,  If  the  standard  deviation  Is  multiplied  by  1.28  and  the 
product  added  to  the  average  date  of  last  killing  frost  in  spring,  a  date  Is 
obtained  after  which  the  last  killing  frost  In  spring  will  occur  on  the  average 
1  year  out  of  every  10;  or  for  fall,  before  which  the  first  killing  frost  will 
occur  In  1  year  In  10  when  the  product  of  1.28  times  the  standard  deviation 
Is  subtracted  from  the*  average  date.  An  example  of  the  method  by  which 
these  dates  are  obtained  is  shown  In  Table  4,  which  Is  the  record  for  Bismarck, 
N.  Dak.  Other  factors  as  shown  In  Table  3  are  used  for  other  probabilities. 
A  curve  prepared  by  W.  J.  Splllman  makes  It  possible  to  determine  similar 
relations  for  any  number  of  years  for  from  1  In  2  to  1  In  200.* 

^  When  some  yean  are  frost  flree,  the  date  after  (or  before)  which  there  is  less  than 
one  chance  of  frost  in  two  (or  any  other  nnmber)  may  be  determined  from  the  Splllman 
curve.  See  Splllman,  W.  J.,  Tolley,  H.  B.,  and  Reed,  W.  O. :  The  average  interval  curve 
and  its  application  to  meteorological  phenomena,  U.  S.  Monthly  Weather  Review.  44 :  197- 
200,  Washington,  1916. 

>  Splllman,  W.  J.,  Tolley,  H.  B.,  and  Reed,  W.  G. :  The  average  interval  curve  and  itf< 
application  to  meteorological  phenomena.  [U.  S.1  Monthly  Weather  Review,  44: 197-200, 
Washington,   1916. 
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Table  4. — Fro$t   data  and   comfmiations  of  frost   probability   for  Bismarcic 
{Burleigh  County),  N.  Dak. 


Yfltf. 


1876.. 
1876.. 
1877.. 
1878.. 
1879.. 
1880.. 
1881.. 


1884. 
1885. 
1886. 
1887. 
1888. 
1889.. 
1890.. 
1891.. 
1892.. 
1803.. 
1894. 
1895.. 
1896.. 
1897.. 
1898.. 
1899.. 
1900.. 
1901 -. 
1902. 
1903. 


LMtkllUnc  frost  In 
fprmg. 


Date.       d. 


May  3 
May    5 

May  3 
May  15 
May  6 
Apr.  29 
May  2 
May  23 
May  11 
May  1 
May  9 
May  2 
May  17 
June  6 
May  14 
May  15 
May  5 
May 


May  27 

May  3 

May  21 

Apr.  24 

May  31 

May  4 

May  13 

May  4 
June    7 

Apr.  29 

May  5 

1904 1  May  14 

1905 May  12 

1906 May  27 

1907 1  May  14 

1908 !  May  2 

1909 May  13 

1910 "  - 

1911 

1912 

1913 

1914 


May  17 
May  3 
May  13 
May  6 
May  13 


40y6art May  12     -36 


-  9 

-  7 

-  9 
+  3 

-  6 
-13 
-10 
+11 

-  1 
-11 

-  3 
-10 
+  5 
+25 
+  2 
+  3 

-  7 

-  8 
+15 

-  9 
+  9 
-18 
+  19 

-  8 
+  1 

-  8 
+  26 
-13 

-  7 
+  2 

0 
+15 
+  2 
-10 
+  1 
+  6 

-  9 
+  1 

-  6 
+  1 


49 

81 

9 

36 

109 

100 

121 

1 

121 

9 

100 

25 

625 

4 

0 

49 

64 

225 

81 

81 

324 

361 

64 

1 

64 

676 

169 

49 

4 

0 

225 

4 

100 

25 
81 

1 
36 

1 


Fintkflliiifffroatin 


Date. 


Sept.  19 
Sept.  ao 
Septao 
Sept.  10 
Sept.  18 
Sept.  13 
Sept.  15 
Sept.  23 
Sept.  8 
Sept.  27 
Oct.  3 
Sept.  18 
Sept.  15 
Sept.  12 
Sept.  26 
Sept.  13 
Auf .  23 
Sept.  13 
Sept.  16 
Sept.  17 
Aug.  31 
Sept.  10 
Sept.  16 
Sept.  9 
Sept.  19 
Sept.  26 
Sept.  18 
Sept.  12 
Sept.  14 
Sept.  11 
Oct.  11 
Oct.  9 
Sept.  27 
Sept.  37 
Sept.  24 
Sept.  9 
Oct.  20 
Sm)t.  25 
Sept.  21 
Oct.  14 


4,226    Sept.  19 


0 
+  1 
+  1 

-  9 

-  1 

-  6 

-  4 
+  4 
-11 
+  8 
+14 

-  1 

-  4 

-  7 
+  7 

-  6 
-27 

-  6 

-  3 

-  2 
[•-19 

-  9 

-  3 
-10 

0 
+  7 

-  1 

-  7 

-  5 

-  8 
+22 
+20 
+  8 
+  8 
+  5 
-10 
+31 
+  6 
+  2 
+25 

+10 


<P. 


a 
1 
1 

81 

1 

36 

16 
16 

m 

64 

196 

1 

16 

40 

49 

36 

729 

36 

9 

4 

361 

81 

9 

100 

0 

49 

1 

49 
25 
64 
484 
400 
64 
64 
25 
100 
961 
36 
4 


4,064 


Spring. 


Deflnitico  of  symlxda. 


FaU. 


fi-40. 

ir«-May  12.. 

Zrf— 36 

2d>-4226..... 

ii«-May  11. 1 
#-10.2 

Ec^  i:0.8 

C^  May  34.2. 


E«-±1.5 

iV^May25.. 


n  is  the  number  of  observations  (years  of  record) 

Ar«  is  the  average  calender  date  of  last  killing  frost  in  spring* 

Afa  Is  the  average  calendar  date  of  first  killing  frost  in  laU* 

d  is  the  departure  from  M. 

Sdistheafnbraicsumofoolumnd 

2d>  is  the  algebraic  sum  of  column  <i> 

2d 
A  is  the  theoretical  average  date.i—  ^"^n  

#  is  the  standard  deviation.   c^JWlQLy 

Ea  isthe  probable  error  of  the  averagedate.    EA^  ±0.674-7= 

Ef,  is  the  probable  error  of  the  standard  deviation.   E^^  ^^-^^IM 

C«  is  the  date  after  wliich  killing  frost  will  occur  in  1  year  in  on  the  aver- 

ase  a-^,+1.28«r,. 
Ca  Is  the  date  before  which  killing  frost  will  occur  in  1  year  in  10  on  the 

average  C;-X,-l.28<r,. 

£e  is  the  probable  error  of  C.    if«-  V  .£4*+ (1.28  E<rf 

N9  is  the  calendar  date  after  which  killing  frost  will  occur  1  year  in  10* . 
Na  is  the  calendar  date  before  which  killing  frost  wiU  occur  1  year  in  10*. . 


fi-40. 

MW- Sept.  19. 

2d- +10. 
2d>-4864. 

Ac-Sapt.  19.2. 

#-lU. 

Ka~±IX 

At- ±0.8. 
CW-SepC&O. 

&-±l,6 
JV^i-Sept.  5. 


*  The  calendar  date  M9  is  determined  from  ^  «  by  Increasing  the  date  one  whole  day  whenever  A  $  oontaint 
a  fraction,  no  matter  how  small.    A«  Is  determined  in  a  similar  manner  from  C«. 

Afa  is  determined  from  ^a  by  dropping  any  fraction,  no  matter  how  large.  Na  is  similarly  determfaied 
from  Ca. 
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For  any  place  in  the  United  States,  then,  which  has  a  record  covering  a 
period  of  approximately  20  years,  It  is  possible  to  determine  with  very  con- 
siderable accuracy  the  risk  of  a  killing  frost  after  any  particular  date  in 
spring  or  before  any  particular  date  in  fall. 


t 

MAY  27,   1907 

\ 

kM> 

W  15, 
1907 

M. 

m 

^. 

^ 

1 

^\k\\^ 

^ 

w 

^fcp- 

M 

^» 

^ 

-^^ 

M 

M 

^ 

M 

?Q^?sooO^^Ovl  V '*>  >  "^  "^  ^  i- '^  "^  ■         1 

N 

^^¥f^ 

^IS^jf; "» 

;;;-  r-i 

wv 

^ 

^TO 

^^ 

f>$^ 

^ 

XX   XJ 

m^ 

p 

^f^ 

^i^i^c 

'Ul 

m 

m 

^>vVO 

^ 

^ 

^^ 

n\s\\ 

v^S^^^' 

^^ 

^vS^^^ixx«        1 

.XxXXVsxNSNvks  N J         1 

MAY   15,1907 

MAY  4^907                 1 

Fio.  7.— Dates  of  last  killiiiK  frost  in  spring,  1907,  in  Kansas. 
AVEEAQB   DATES   OF   UlST   KILLING  FROST  IN    SPRING. 

In  order  that  a  proper  study  may  be  made  of  the  regional  distribution  of 
trost  condition^  it  is  desirable  to  map  as  far  as  possible  the  conditions  of 


1^5  i^O*  Hit  iiO  lOa*^      too'         &5*~    "90*      '  bS*^^      fc!U' 


Fio.  8.— Average  dates  of  last  IdlUng  frost  In  spring. 

frost  occurrence.  Figures  8  to  IS  show  the  frost  conditions  as  far  as  is  prac- 
ticable on  small-scale  maps  with  the  data  available.  Figure  8  is  a  map  of  the 
average  date  of  last  killing  frost  In  spring  for  the  United  States  based  on 
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the  period  1895-1914.  In  the  eastern  Unltetl  States  Isochronal  lines  have  been 
drawn  for  the  1st,  11th,  and  21st  of  each  month  from  March  1  to  June  1. 
In  addition,  lines  showing  the  limit  of  annual  frost — that  Is,  the  line  separating 


Pio.  O^Avcnce  d»to  of  first  IdUiog  frost  in  faU. 

the  regiODB  where  froet  occurs  at  least  once  in  each  year  from  those  in  which 
one  or  more  winters  passed  with  no  record  of  killing  frost,  and  the  line  mark- 
ing the  regions  which  have  more  than  half  the  winters  without  killing  frost — 


Fio.  lOu— Aytfise  length  of  the  season  (nomber  of  days)  wlthoat  killing  frost. 

have  been  entered  on  the  map.  This  map  shows,  in  the  first  place,  that  with 
very  minor  exertions  the  whole  United  States  is  subject  to  killing  frost  eadi 
year.    It  also  shows  dearly  tlie  large  area  of  the  United  States  wlilch  Is 
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subject  to  frost  after  June  1.     It  should  be  noted  that  the  isochronal  lines 
on  these  maps  represent  the  dates  which  will  be  exceeded  on  the  nvorage  in 


125^"  n6'      US-      no-      105-    locr      »•      90'      as'      bo'       73'        70^       py 


Fio.  11.— Computed  dates  when  the  ohanoe  of  kUling  frost  falls  to  1  in  10.    After  these  dates 
kflling  troBt  will  ooeor  only  10  years  in  a  coitury. 

one  year  out  of  two,  that  is,  along  the  line  marked  June  1  one  year  out  of 
every  two  on  the  average  will  have  a  killing  frost  after  June  1.    A  striking 


bs'     izcP^'^f^^'lio^^^iol^^^'''^ 


Fi<r.  12.— Computed  dates  when  the  chance  of  killing  frost  rises  to  1  in  10.    Before  these  dates 
kilUng  frost  will  occur  only  10  years  in  a  osotmy. 

feature  of  this  map  is  the  large  area  of  the  country  which  has  its  last  spring 
frost  rather  late  in  the  season. 
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In  the  western  part  of  the  United  States — that  is,  west  of  the  front  range 
of  the  Rocky  Mountains — it  is  possible  to  draw  the  isochrones  only  for  the  1st 
of  each  month,  because  of  the  brolcen  topography  and  the  rapid  <diange  in 
frost  conditions  in  short  distances.  Howevo',  it  has  been  possible  to  draw  these 
lines  with  one-month  intervals,  so  that  they  show  the  conditions  reasonably 
well.  A  great  portion  of  the  more  derated  parts  of  the  country  are  subject 
to  late  spring  frosts.  Between  one-fourth  and  one-third  the  total  area  of 
the  United  States  Is  probably  subject  to  June  frosts  in  half  the  years.  In 
the  western  portion  of  the  country,  exc^t  in  favored  valleys  and  some  parts 
of  the  Southwest  late  frosts  are  the  rule.  In  the  eastern  part  of  the  United 
States  the  lines  of  killing  frost  dates  run  more  or  less  parallel  to  the  latitude 
line  showing  later  dates  with  increase<l  latitude  and  Increased  distance  away 
from  bodies  of  water.  The  topography  in  the  East  is  not  of  such  marked 
importance  as  the  topography  in  the  West,  although  it  has  been  found  that 
even  the  lower  mountains  exert  a  very  considerable  Influence.     The  average 


Fig.  13.— Computed  len^h  of  available  growing 


4  yean  in  5. 


probable  error  of  the  average  dates  of  last  killing  frost  shown  by  the  map  is 
of  the  order  of  three  days,  that  Is  about  one-third  the  Interval  between  the 
isograms.  As  far  as  possible  the  lines  have  been  curved  to  Include  all  stations 
and  in  most  cases  the  areas  between  the  lines  actually  represent  the  regions 
with  frost  dates  indicated  by  the  limiting  lines. 

There  Is  some  question  as  to  whether  absolutely  uniform  records  will  give 
smooth  lines  with  broad  curves  and  few  sharp  angles,  or  whether  even  the 
smoothest  topography  is  so  rough  that  local  air  currents  are  set  up  which  com- 
plicate the  conditions  so  that  smooth  lines  do  not  represent  the  actual  case. 
There  Is,  of  course,  one  other  point  to  be  noted  about  the  Isochronal  lines  of 
frost  occurrence,  and  that  Is  that  these  lines  do  not  represent  anything  which 
actually  takes  place.  They  are  statistical  lines  resulting  from  the  accidental 
distribution  of  many  conditions,  and  this  accidental  distribution  tends  to  smooth 
out  irregularities.  The  way  In  which  frost  actually  occurs  may  be  shown  by 
figure  7,  which  is  a  map  of  the  conditions  in  Kansas  during  the  severe  spring 
frosts  in  1907.    The  last  killing  frost  in  the  spring  of  1907  in  eastern  Kansas 
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occurred  on  May  4.  The  area  in  which  this  occurred  is  limited  by  a  rather 
definite  line  which  is  shown  on  the  map.  The  last  killing  frost  in  a  strip  of 
varying  width  from  northeastern  to  south  c^itral  Kansas  in  the  same  year 
occurred  on  May  15.  In  the  northeastern  half  of  the  State  the  last  killing 
frost  occurred  on  May  27.  There  was  no  gradation  between  these  areas.  The 
region  in  which  the  last  killing  frost  occurred  on  May  4  is  s^;mrated  from  that 
on  which  the  last  killing  frost  occurred  on  May  15  by  a  line,  and  the  same 
is  true  of  the  separation  between  this  region  and  that  where  the  last  killing 
frost  occurred  May  27. 

ATEBAQB  DATB8   OF  FCRST  KILLmO  VR08T   IN   FAU- 

Figure  9  shows  the  average  date  of  first  killing  frost  in  f alL  It  is  similar 
to  figure  8.  The  regions  which  are  not  subject  to  annual  frosts  are,  of  course, 
the  same  on  both  maps.  The  area  which  has  autumn  frost  before  September  1 
is  similar  to  that  having  spring  frost  after  June  1,  although  there  are  minor 
differences.  Perhaps  the  most  striking  thing  about  the  two  maps  is  their  great 
similarity. 

AVEBAQB  SEASON  WTrHOXTT  KHXINO  FROST. 

Figure  10  shows  the  average  number  of  days  between  the  last  killing  frost 
in  spring  and  the  first  killing  frost  in  falL  This  has  sometimes  been  called  the 
**  growing  season,"  but  it  can  not  be  so  regarded  because  it  is  not  possible  in 
practice  to  make  use  of  the  whole  time,  owing  to  the  risk  involved  at  the 
beginning.  The  data  for  this  map  were  obtained  by  subtracting  the  average 
date  of  last  killing  frost  in  Bjpring  from  that  of  first  killing  frost  in  fall  for  all 
the  stations  available.  Isograms  have  been  drawn  for  10-day  intervals  in  the 
eastern  United  States,  and  for  80-day  intervals  in  the  western  United  States. 
The  length  of  the  season  varies  from  865  days  at  Key  West  to  considerably 
less  than  90  days  in  the  extreme  northern  portion  of  the  United  States  and  in 
the  higher  mountain  regions  of  the  West  There  is,  of  course,  a  similarity 
between  this  map  and  the  maps  of  average  date  of  last  killing  frost  in  spring 
and  first  killing  frost  in  fftlL 

A  striking  feature  of  this  map  is  the  large  area  of  the  United  States  in 
which  the  season  without  killing  frosts  is  90  days  or  less.  This  is  so  short 
that  ordinary  agriculture  is  largely  out  of  the  question,  and  only  hardy  grains 
and  grasses  can  be  cultivated  with  any  degree  of  assurance.  This,  of  course, 
does  not  mean  that  these  areas  are  waste,  because  in  very  many  cases  this 
is  the  region  in  which  the  most  important  forests  of  the  country  exist,  but 
these  regions  are  distinctly  outside  of  the  strictly  agricultural  area. 

DEVIATION  FROM  THE  AVERAGE  DATES. 

Although  it  has  not  been  possible  to  show  by  a  map  the  deviation  from 
average  dates  which  will  occur  at  varying  intervals,  maps  have  been  prepared 
which  show  the  dates  beyond  which  frost  is  a  probability  ^  in  only  1  year  in 
10  on  the  average.  Figure  11  shows  the  date  aft^  which  the  last  killing  frost 
in  spring  will  occur  in  1  year  in  10.  This  has  been  determined  by  multi- 
plying the  standard  deviation  for  509  stations  by  the  factor  1J28,  as  shown  in 

^  The  writer  wishes  to  record  bis  obligation  to  Prof.  W.  J.  SpiUman,  Chief  of  the  Office 
of  Farm  Management,  U.  S.  Department  of  Agricoltnre,  for  the  original  suggestion  of 
this  method  for  determining  frost  probability  and  for  advice  and  assistance  at  aU  stages 
of  the  study. 
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Table  3,  and  adding  the  product  to  the  average  date.  For  example,  the  date 
after  which  a  Idiling  frost  at  Bismarck,  N.  Dak.,  in  1  year  in  10  on  the  average 
is  May  25.*  This  date  has  been  entered  on  the  map  for  Bismarck  and 
similar  dates  have  been  entered  for  each  station  for  which  the  standard  devia- 
tion has  been  determined.  This  map,  otherwise,  is  similar  to  the  map  of 
average  date  of  last  killing  frost  except,  of  course,  that  the  number  of  stations 
used  is  much  smaller.  Figure  12  is  similar  to  figure  11;  it  shows  the  date 
before  which  the  first  killing  frost  in  fall  will  occur  1  year  in  10. 

FBOBABLB  LENGTH  OF  THE  SEASON   WITHOUT  KIIXINQ  FB08T. 

Figure  IS  shows  the  probable  length  of  the  season  without  killing  frost  in 
four  years  in  five.  This  has  been  determined  by  obtaining  the  difference 
between  the  date  shown  by  figure  11  and  that  shown  by  figure  12.  Strictly 
speaking,  this  map  shows  the  probable  length  of  the  season  without  killing 
frost  in  81  years  In  100,  but  the  probable  error  is  of  the  order  of  four  days, 
and  consequently  for  practical  purposes  it  is  sufficient  to  assume  that  the  map 
shows  the  season  for  four  years  In  five.  If  crops  are  in  a  condition  to  be 
injured  by  frosts  by  the  date  shown  in  figure  11,  1  crop  in  10  will  be 
injured  by  frost  in  the  spring.  If  the  crops  require  the  full  time  until  the 
date  shown  in  figure  12  to  mature,  and  are  subject  to  frost  damage  until  this 
date,  1  crop  in  every  10  which  survive  the  exceptional  spring  frost  will  be 
destroyed  in  the  fall.  This  may  be  stated  as  follows:  If  the  chances  of 
safety  in  the  spring  are  9/10  and  the  chances  of  safety  in  the  fall  are  9/10, 
then  the  chance  of  a  safe  growing  season  is  represented  by  the  product  of 
the  chances  of  safety  in  spring  and  the  chances  of  safety  in  fall.  Expressed 
mathematically  this  is  9/10X9/10=81/100,  which  is  the  probability  of  a 
frost-free  season  of  the  length  Indicated  on  the  map. 

INFLUSNCB  OV  TOPOQKAPHY  ON  FB08T  DATES. 

The  influence  of  topography  on  frost  is  twofold.  In  the  first  place  higher 
altitudes  have  lower  temperatures  that  result  in  later  killing  frost  in  spring 
and  earlier  killing  frost  in  fall.  This  is  clearly  shown  on  the  maps  of  average 
dates  of  killing  frost  The  second  influence  of  topography  depends  not  so 
much  on  altitude  above  sea  level  as  the  character  of  the  slope.  During  quiet 
nights  there  is  a  tendency  for  the  air  to  rearrange  itself  under  the  Influence 
of  gravity.  This  is  particularly  noticeable  in  regions  of  broken  topography. 
While  the  mechanism  by  which  this  rearrangement  takes  place  is  complicated 
and  under  discussion  at  the  present  time,'  certain  phases  may  be  pointed  out 

In  the  first  place  there  is  a  tendency  for  cold  air  to  collect  in  the  low  places, 
particularly  in  inclosed  valleys.  During  the  night  the  cold  builds  up  from  the 
bottom  of  the  valley  until  this  process  is  checked  by  the  morning  warming. 
There  is  also  a  tendency  for  the  chilled  air  to  flow  away  from  the  slopes. 
Whether  this  chilled  air  flows  down  the  hills  in  a  manner  similar  to  water, 
or  whether  there  is  a  complicated  exchange  of  air  from  the  hillsides  to  the 
air  over  the  valley,  is  still  under  discussion.  It  has  been  noted  in  many  regions 
that  there  is  a  warmer  belt  along  the  valley  sides — ^the  so-called  ''thermal 
belt**  This  belt  has  frost  less  often  than  the  valley  bottoms  and  less  often 
than  the  hilltops  in  most  cases.  However,  where  the  hills  are  of  only  moderate 
height  it  sometimes  happens  that  the  hilltops  are  included  within  the  thermal 

>  See  Table  4  for  the  method  by  wliich  this  date  is  obtained. 

'  See  McAdie,  A.  G. :  Temperature  inyersions  in  relation  to  frost,  Harvard  College 
Observatory  Annals,  78 :  168-177,  Cambridge,  1015 ;  and  Marvin,  C.  F. :  Air  drainage 
explained,  [U.  S.]  Monthly  Weather  Review,  42:588-685,  Washington,  1915. 
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belt  Practical  application  of  the  influence  of  topography  on  frost  may  be 
seen  in  the  occurrence  of  places  which  are  particularly  subject  to  frost  damage 
or  are  particularly  frost  free.  The  relations  of  "air  drainage"  are  probably 
responsible  for  the  well-known  spottedness  of  frost  occurrence.  Slight  dif- 
ferences of  elevation  make  possible  the  movement  of  air  under  the  influence 
of  grafity  during  the  calm  of  the  typical  frost  night  The  whole  problem 
is  one  of  a  very  nice  adjustment  of  conditions  and  can  not  be  dealt  with  in  a 
general  way,  although  in  determining  the  liability  to  frost  of  particular  portions 
of  small  regions  the  influence  of  "air  drainage**  becomes  of  enormous  im- 
portance. 

No  careful  attempt  has  yet  been  made,  largely  because  of  lack  of  available 
data,  to  determine  Just  what  is  the  relation  between  altitude  and  topography. 
It  has  been  suggested  that  a  canyon  approximately  500  feet  deep  in  central 
Washington  will  be  colder  at  the  bottom  than  at  the  canyon  rim.  If  the  depth 
is  greater  than  500  feet  the  altitude  effect  usually  makes  the  canyon  rim  more 
frosty  than  the  bottom  of  the  canyon.  In  general  it  may  be  sufficient  to  say 
that  very  considerable  portions  of  the  western  United  States  are  subject  to 
early  and  late  frosts  because  of  their  altitude  above  sea  level,  and  that  the 
exact  occurrence  of  frost  locally  in  ^  broken  region  is  dependent  upon  the 
topography,  the  most  frost-free  places  being  the  valley  sides,  especially  the 
slopes  of  alluvial  fans  extending  into  the  valleys.  There  are  also  areas  which 
are  subject  to  cold  air  drainage,  particularly  areas  opposite  canyon  mouths 
from  which  a  stream  of  cold  air  flows,  making  these  subject  to  frosts  when 
other  portions  of  the  valley  do  not  reach  such  low  temperatures. 

The  whole  question  of  topography  and  frost  is  one  which  nee^  a  great  deal 
more  study,  and  work  similar  to  that  now  being  carried  on  by  Ck>x  in  North 
Carolina  should  be  extended  to  all  parts  of  the  country.  An  example  of  the 
commercial  value  of  these  studies  is  to  be  found  in  the  work  done  in  southern 
Oalifornia  near  Pomona  and  in  the  Corona  district^ 

THB    RELATION    BETWEEN    DATES    OF    LAST    KILLINO    ISOST    IN    SFEINO    AND    FIBST 

KIUJNO   FBOBT   IN    FALL. 

In  the  study  of  frost  dates  it  appears  that  the  last  spring  frost  and  the  flrst 
fall  frost  could  not  be  regarded  as  entirely  independent  of  each  other.  From 
a  theoretical  consideration  it  seems  wholly  possible,  if  not  probable,  that  the 
low  temperature  conditions  resulting  in  late  spring  frost  might  extend  through 
the  summer  and  give  earlier  fall  frosts,  or  that  the  higher  temperatures  re- 
sulting in  an  early  date  of  last  spring  frost  might  also  affect  the  flrst  fall 
frost.  In  the  attempt  to  determine  the  probable  length  of  the  season  without 
killing  frost  in  9  years  in  10 — that  is,  to  determine  the  business  risk  in  the 
same  manner  as  for  the  last  spring  and  the  flrst  fall  frost — a  slight  but 
constant  relation  was  found.  Coefficients  of  correlation'  between  spring  and 
fall  frost  were  determined  for  several  stations.    In  nearly  all  the  cases  con- 

^See  Carpenter,  F.  A.:  Utlllzatioii  of  frost  warnings  in  the  dtms  region  near  Los 
Angeles,  CaL,  (U.  S.]  Monthly  Weather  Review,  42 :  609-071,  Washington,  1914.  Garth- 
walte,  J.  W. :  Letter  on  frost  and  frost  prevention,  (U.  S.]  Monthly  Weather  Review, 
42  :  671>{^72,  Washington,  1914.  Carpenter,  F.  A.,  and  Garthwalte,  J.  W. :  Memorandum 
on  air  drainage  in  the  vicinity  of  the  Corona  district,  California,  [U.  S.]  Monthly 
Weather  Review,  42:672-678,  Washington,  1914. 

'See  Ynle,  O.  Udny:  An  Introdnctlon  to  the  theory  of  statistics;  London,  C.  Griffin 
A  Co.,  1912,  pp.  167-268.  Davenport,  C.  B.:  Statistical  methods;  New  Tork,  WUey, 
ed.  8,  1914,  pp.  42-61.  [Great  Britain]  Meteorological  Office:  The  computer's  handbook, 
section  6,  London,  1916. 
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■idered  there  is  a  coeflldent  of  corrtiatloa  of  between  —  OJU)  and  —  OJM)  witb 
a  probable  error  of  something  less  than  half  this  amount  Oorrtiatkm  is 
not  regarded  as  well  established  unless  the  coeflkdent  of  oorrelatioQ  is  equal 
to  six  times  the  probable  arror  of  the  eoefllclent,  but  there  is  here  a  oooditiofn 
in  which  the  slight  correlation  always  leans  in  the  same  direction.  In  the 
yery  small  number  of  cases  in  which  there  is  positively  oorrtiation,  th^  coeffi- 
cient of  correlation  is  less  than  0.10,  and  its  probable  error  has  practically 
the  same  value.  This  means  that  aero  is  as  likely  as  the  value  of  tbe  ooeffldeot 
as  the  value  determined.  Without  going  into  the  mattv  in  detail,  the  indica- 
tions are  that  if  the  last  killing  frost  in  spring  is  late,  there  is  a  tendency  for 
the  first  killing  frost  in  fiOl  to  be  early,  and  if  the  last  killing  frost  in  spring 
is  early,  there  is  a  tendency  for  the  first  killing  frost  in  f^l  to  be  late.  How- 
ever, the  records  are  not  complete  enough,  nor  Is  the  correlation  well  enou|^ 
marked  for  individual  stations  to  make  this  more  than  a  probability.  This 
condition,  however,  opens  an  interesting  field  for  study  which  should  be  pur- 
sued further.^ 

FBOTBCnON  AGAINST  DAMAOB  BT  VBOST. 

Fruits  and  vegetables  are  now  successfully  protected  in  many  parts  of 
the  United  States,  and  equipment  for  frost  fighting  is  regarded  as  necessary 
in  all  the  important  fruit  regions.  Protection  against  frost  damage  has  been 
accomplished  mainly  by  the  use  of  small  fires,  which  ke^  the  temperature 
above  the  dangerous  point  by  supplying  heat  to  the  low  area  to  make  up 
for  the  loss  to  space  by  radiation.  Usually  there  is  a  good  deal  of  smoke 
together  with  the  heat,  so  that  radiation  of  heat  from  the  earth  is  somewhat 
checked.  Various  other  methods  have  been  used  to  prevent  occurrence  of 
freezing  temperatures  under  the  local  radiation  conditions  which  result  in 
hoar  and  black  frosts.  During  the  general  freeze  condition  attempts  to 
protect  against  frost  damage  have  not  been  so  successful.' 

CONCLUSION. 

The  maps  presented  represent  in  the  first  place  the  average  conditions  of 
frost  and  season  without  killing  frost  which  exist  in  the  United  States. 
They  have  been  drawn  on  a  basis  of  all  available  data,  included  first  and  fore- 
most, the  frost  dates  recorded  by  the  observers  of  the  United  States  Weath^ 
Bureau,  and,  secondly,  topographic  and  botanic  data  obtained  from  various 
sources. 

The  maps  showing  probable  occurrence  of  last  killing  frost  in  spring  and 
first  killing  frost  in  fall  in  one  year  in  ten  are  new,  and  show  more  clearly 
than  the  others  the  business  risk  involved  in  planting  and  harvesting  at 
particular  times.  The  map  of  probable  length  of  the  season  without  killing 
frost  in  four  years  out  of  five  shows  what  time  is  available  for  the  growth 
of  crops  in  the  different  parts  of  the  United  States  with  a  loss  of  only  one- 
fifth  of  all  crops  from  frost,  which  n^ay  be  assumed  as  a  fair  business  risk. 
This  map  and  the  data  upon  which  it  is  based  show  better  than  any  maps 
previously  prepared  the  existence  of  killing  frost  as  a  limiting  factor  for 
crops.  It  does  not,  however,  show  the  heat  sui^ly  upon  whlcdi  the  crop 
depends  for  its  growth.  The  frost  problem  for  most  crops  in  the  United 
States,  from  an  agricultural  point  of  view,  is  that  of  determining  the  proba- 
bility of  frost  and  the  risk  involved  in  planting  at  different  times.    The  cost 

iSee  Beed,  W.  G. :  The  probable  growing  Beasoii,  [U.  S.]  Monthly  Weather  Beriew, 
44:60&-612,  Washington,  1916. 

'Protection  against  damage  by  frost  is  discussed  in  the  [U.  S.1  Monthly  Weather 
Review,  42:562-092  (October,  1914),  and  in  Better  Fmit  (Hood  River,  Oreg.),  5:na  4 
(October,  1910).  See  also  Beed,  W.  O. :  Protection  from  damage  by  frost,  (Jeographieal 
Beview,  1 :  110-122,  New  York.  1916. 
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of  protection  against  froet  damage  is  so  great  that  it  does  not  apply  to  the 
staple  crops  of  the  country.  The  problem  for  the  farmer  is  to  determine  the 
frost  conditions  he  will  have  to  meet  and  to  arrange  his  crops  and  his  agri- 
cultural practice  with  reference  to  these  frost  conditions. 

The  Chairman.  Mr.  Beed's  paper  is  now  before  you  for  discussion. 

Mr.  Fassio.  Mr.  Chairman,  I  think  we  will  all  admit  that  Dr. 
Beed's  paper  shows  very  encouraging  signs  of  progress  in  the  study 
of  our  frost  conditions.  Personally,  I  am  convinced  that  the  time 
will  soon  come  when  we  will  use  the  temperature  method  of  measur- 
ing the  growing  season,  instead  of  the  rather  cruder  method  of  frost. 
I  think  the  temperature  method  will  assist  very  materially  not  only 
in  determining  the  average,  but  in  getting  a  more  accurate  value 
of  the  probable  occurrence  within  a  certain  given  number  of  years; 
that  is,  the  probability  whether  we  can  expect  a  killing  frost  in 
four  of  five  times,  or  three  times,  out  of  a  certain  number.  In 
working  up  these  observations  my  experience  is  that  the  temperature 
method  is  a  surer  one,  and  certainly  a  very  much  better  one  to 
enable  us  to  make  comparative  results  between  stations  of  very  large 
areas. 

Mr.  Clattok.  I  am  inclined  to  agree  with  Dr.  Fassig  in  regard 
to  the  temperature  method  being  a  better  one,  but  it  needs  to  be 
used  with  care,  because  the  temperature  is  dependent  so  much  upon 
the  height  of  the  thermometer  above  the  ground.  On  a  clear,  frosty 
night  the  temperature  increases  very  rapidly,  and  the  height  of  the 
thermometer  above  the  ground  may  make  a  very  material  difference. 
There  is  also  a  great  difference  between  a  therm<»neter  under  shelter 
and  a  thermometer  on  the  ground. 

Mr.  Fassig.  Of  course,  the  temperatures  ought  all  to  be  taken 
under  standardized  conditions. 

Mr.  Clayton.  And  the  contour  of  the  country  will  make  a  great 
difference.  I  remember  once  I  made  a  temperature  survey  over  a 
valley  at  Ann  Arbor,  Mich.,  and  I  found  a  temperature  variation 
of  10^  in  10  feet  in  a  pocket ;  so  that  if  the  thermometer  happened 
to  be  in  a  pocket  it  might  record  a  temperature  very  different  indeed 
from  that  of  the  surrounding  country.  On  the  other  hand,  if  the 
temperature  were  taken  on  a  ridge,  the  frost  might  be  very  serious 
on  the  surrounding  lowlands,  and  yet  not  be  indicated  by  the  ther- 
mometer. These  things  need  to  be  taken  into  consideration  in  taking 
the  thermometer  as  a  standard  of  frost. 

Mr.  YooRHEES.  While,  of  course,  the  temperature  will  vary  in  a 
way,  we  shall  have,  perhaps,  a  greater  variation  if  we  make  as  the 
test  a  frost  that  will  kill  plants.  I  can  go  out  and  see  one  plant 
killed  by  the  frost  this  morning,  while  maybe  a  dozen  others  are  not. 

The  Chairman.  We  will  now  hear  from  Prof.  W.  R.  Blair,  of 
the  United  States  Weather  Bureau,  Washington,  D.  C.  His  paper 
is  on  ^^  Some  results  of  aerological  observations.'' 
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SOMB  RESULTS  OF  AER0L06ICAL  OBSERVATIONS. 

By  WILLIAM  B.  BLAIB. 
Profe%9or  of  Meteorology,  U.  8.  Weather  Bureau,  Waihkmton,  D.  C, 

The  purpose  of  this  paper  is  twofold:  1.  It  outlines  briefly  the  a^^ogical 
work  already  don^  in  this  country,  the  plan  of  the  work,  and  some  of  the 
results  obtained.  2.  It  points  out  the  need  of  cooperation  In  this  work  eepe- 
dally  among  countries  so  situated  that  they  can  maintain  observatories  in 
an  approximately  north  and  south  line.  The  second  element  of  purpose  Is 
considered  the  more  important 

Beginning  in  June,  1907,  and  continuing  for  a  period  of  fiye  years,  daily  ob- 
servations in  the  free  air,  by  means  of  kites  and  captive  balloons,  have  been 
made  at  Mount  Weather — an  observatory  located  about  75  kilometers  west  of 
Washington,  D.  C,  and  526  meters  above  sea  level.  During  this  period  occa- 
sional series  of  sounding  balloon  ascensions  were  made  in  the  Middle  West. 
In  the  year  July,  1912,  to  July,  1918,  the  free-air  observations  at  Mount  Weather 
were  made  in  series  or  in  attempts  at  a^ies  continuing  for  a  period  of  about  90 
hours.  During  a  selected  80-hour  period  kite  flights  were  made  every  8  to  8} 
hours,  8  or  9  successive  flights  constituting  the  series.  In  the  year  1918-14  a 
series  of  daily  observations  by  means  of  sounding  balloons  was  made  at  Avalon 
in  southern  California,  and  a  series  of  12  observations  at  intervals  of  2i  hours 
was  made  at  Omaha.  .  The  Omaha  series  of  observations  was  preceded  by,  also 
followed  by,  several  daily  soundings.  Other  observations  have  recently  been 
concluded  or  are  in  progress,  but  the  records  have  not  yet  been  completely 
reduced. 

In  organizing  this  work  it  was  thought  that  the  daily  kite  and  captive  balloon 
observations  would  enable  us  to  determine  to  some  extent  the  free-air  conditions 
accompanying  areas  of  high  and  low  pressure.  The  sounding  balloon  observa- 
tions were  intended  to  supplement  the  kite  and  captive  balloon  work,  and,  in 
addition,  to  furnish  tis  information  of  the  larger  or  planetary  unit  It  was 
by  way  of  throwing  light  on  these  larger  convectlve  systems,  which  could  only 
be  partially  explored,  that  the  study  of  the  diurnal  convectlve  system  was 
undertaken  by  means  of  the  successive  kite  observations,  continued  for  periods 
of  80  hours  or  longer. 

More  than  1,800  observations  by  means  of  kites  and  captive  balloons  were 
made  in  the  five  years  following  June,  1907.  These  observations  extended  to 
an  average  height  of  about  8  kilometers  above  sea  level,  a  maximum  height  of 
7i  kilometers  having  been  reached.  Over  100  observations  with  sounding 
balloons  have  been  made.  These  soundings  were  to  an  average  height  of  about 
17  kilometers.  Three  of  them  passed  the  80-kilometer  level,  the  highest  being 
82.6  kilometers  above  sea  level.  In  the  study  of  the  diurnal  convectlve  system 
over  200  kite  flights  to  an  average  height  of  8  kilometers  were  made. 

In  every  case  the  attempt  has  been  made  to  distribute  the  observations  as 
well  as  possible  throughout  the  particular  convectlve  system  under  considera- 
tion. It  is  to  be  noted  that  distribution  throughout  the  year  of  observations 
made  at  a  given  station  is  to  a  certain  extent  equivalent  to  their  distribution 
along  a  meridian  in  a  given  season.  Distribution  of  observations  throughout 
the  day  at  a  given  station  is  to  some  exent  equivalent  to  their  distribution 
along  a  parallel. 

These  three  larger  systems  of  convection  will  be  briefly  consid^ed  at  this 
time  to  the  exclusion  of  results  having  a  more  local  application. 

The  diurnal  distribution  of  temperature  seems  to  determine  largely  the  dis- 
tribution of  the  other  elements  observed — i.  e.,  air  movement,  pressure,  and 
humidity.  The  distribution  of  these  other  elements  in  turn  influences  to  some 
extent  the  distribution  of  temperature.     The  first  and  second  figures  illus- 

Digitized  by  V^OOQ  IC^ 


ASTBONOMT.  METEOfiOLOGT.  AND  SEI8K0L0QY. 


633 


trate  temperature  dlstributioiL  The  first  is  based  on  two  series  of  ascensions 
made  in  the  summer  months,  the  second  on  one  series  of  ascensions  made  in 
the  winter.  < 

The  general  features  to  be  noted  are  that  the  type  of  diurnal  variation  of 
temperature  obtaining  near  the  earth's  surface  gives  way  gradually  with  alti- 
tude to  an  entirely  different  type,  this  new  type  being  well  developed  in  the 
2.5  and  3  kilometer  levels.  The  chief  characteristics  of  this  second  type  of 
temperature  distribution  are  that  its  principal  maximum  and  principal  mini- 
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Fio.  L— Free  air  temperatores  above  Mount  Weather;  observed  August  lft-17  and  September  1^18, 1911. 

mum  are  found  immediately  above  the  minimum  and  maTlmum,  respectively, 
of  the  surface  type.  The  transition  between  these  two  types  of  temperature 
distribution  is  rather  sharply  defined,  and  occurs  at  1.5  to  2  kilometers  above 
sea  level  in  the  summer  months,  at  1  to  1.5  kilometers  above  sea  level  in  the 
winter  months. 

In  general,  the  highest  rate  of  air  movement  accompanies  the  maxima  and 
minima  of  temperature  or  any  sharp  cliange  in  the  rate  of  increase  or  decrease 
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of  temperature.  The  directioo  of  the  air  movement  dianges  at  the  maTlma 
and  minima  of  air  pressure.  Maxima  of  pressure  follow  somewhat  minima  Off 
temperature  and  vice  versa. 

Maxima  of  absolute  humidity  are  found  shortly  aft«r  noon  and  minima 
shortty  aft^  midnight  at  all  levels. 

This  relative  distribution  of  the  elements  observed  Is  illustrated  by  figures 
3  and  4. 

The  earth's  surface  is  the  chief  source  of  heat  for  the  lower  layers  of  the 
atmosphere.    This  heat  is  transferred  to  the  air  by  radiation  and  by  conduc- 
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Fio.  3.— Free  air  temperatnres  above  Moont  Weather:  oboenred  March  l-a^  1912. 

tioD.  Its  distribution  depends  on  the  ability  of  the  air  in  question  to  absorb 
terrestrial  radiation  and  on  convection.  The  local  mixing  of  ttie  air,  which 
begins  as  the  sun  heats  the  earth's  surface  and  subsides  as  insolation  ceases, 
seems  to  reach  its  upper  limit  at  the  transition  level  above  defined. 

During  insolation  the  greats  moisture,  nuclei,  and  dust  content  of  the  air 
below  this  transition  level  render  it  a  comparatively  good  absorber  of  terres- 
trial radiation.  Oonvective  mixing  is  also  active  at  this  time.  Minimum 
diathermance  occurs  at  3  or  4  p.  m.    The  result  is  a  msTimum  of  tempomture 
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below  the  liS-kilometer  level  at  this  hour  and  a  mlntmnm  of  temperature  above 
it  The  relative  lack  of  available  terrestrial  radiation  for  absorption  in  the 
upper  stratum  is  responsible  for  the  minimum  temperature.  The  various 
forms  of  comdensatiop  of  a&rial  moisture  that  take  place  after  sunset  clear  the 
air  of  both  moisture  and  nudei,  with  the  result  that  maximum  diathermance 
is  reached  in  the  lower  stratum  at  3  to  8  a.  m.,  depending  on  the  time  of  sun- 
rise.   The  result  is  a  minimum  of  temperature  below  and  a  msYimnm  of  tem- 
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FXQ.  8.— October  to  Maroh  mean  carree  of  the  dinniftl  variatfoii  at  the  fiao^neter  leveL 

perature  above  the  1.5  kilometer  level  at  this  time.  Comparatively  little  terres- 
trial radiation  is  absorbed  in  the  lower  stratum ;  consequently  a  relatively  large 
amount  is  available  for  absorption  in  the  stratum  Just  above  it  Any  system 
of  inflow  or  outflow  that  is  started  as  a  result  of  the  cooling  or  heating,  respec- 
tively, of  a  given  air  mass,  will,  if  this  cooling  or  heating  be  sufficiently  rapid, 
reach  its  maximum  intensity  at  the  time  when  the  rate  of  temperature  decrease 
or  increase  falls  below  a  certain  value  in  approaching  a  minimum  or  maxi- 
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mam  of  temperature.  If  the  extreme  of  the  teiiq[>eratiire  In  aae8ti<Hi  be  a 
minimum,  a  considerable  rise  in  t^operatnre  of  the  air  mass  under  considera- 
tion will  be  needed  to  check  the  circulation  set  up  by  the  immediatdy  pre- 
ceding fall  in  temperature.  At  the  time  this  drcnlaUvj  system  is  chectod 
and  before,  or  possibly  soon  after  a  counter  system  of  circulatl<m  has  set  in, 
the  air  pressure  will  have  reached  its  maTimnm  value.    The  air  pressure  will 
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Fxo.  4.-- October  to  March  mean  oaryes  of  the  dlumal  variation  at  the  8,000-metflr  leveL 

continue  to  rise  until  relieved  by  the  counter  system  of  circulation.    In  a  simi- 
lar way  the  minimum  of  air  pressure  follows  the  maTJrtium  of  temperature. 

The  circulatory  system  set  up  by  the  variations  in  the  temperature  of  a  stra- 
tum of  air  is  apparently  that  necessary  and  sufficient  to  take  care  of  the 
accompanying  variations  in  volume  and,  consequently,  this  circulatory  system 
does  not  appreciably  extend  to  other  strata.  For  this  reason  the  primary 
diurnal  maximum  and  minimum  of  air  pressure  below  the  1.5  kilometer  level 
are  much  reduced,  or  become  the  secondary  maximum  and  minimum  above 
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this  level,  while  the  pressure  maximum  and  minimum  following  the  temper- 
ature minimum  and  maximum  of  the  upper  stratum  appear  much  reduced  as 
the  secondary  maximum  and  minimum  of  the  lower  stratum. 

With  these  observations  to  a  height  of  3  kilometers  as  a  basis,  it  was  con- 
cluded that  the  diurnal  system  of  convection  above  described  would  practically 
cease  to  disturb  the  atmosphere  at  a  height  of  5  or  6  kilometers,  probably  at  a 
higher  level  in  summer  than  in  winter.  Data  obtained  in  the  series  of  sounding 
balloon  ascensions  in  which  a  balloon  was  sent  up  every  2i  hours  for  about  80 
hours  seem  to  confirm  this  conclusion.  The  6  and  7  kilometer  levels  in  this 
series  show  less  of  diurnal  variation  than  any  lower  level,  not  excepting  the 
1.5-kilometer  leveL 

In  order  to  see  the  diurnal  system  of  convection  pass  through  all  its  phases 
once,  one  must  observe  at  all  points  on  a  vertical  line  extending  7  kilometers 
from  a  given  point  on  the  earth's  surface  for  a  period  of  24  hours.  An  alterna- 
tive would  be  to  make  a  single  observation  at  all  points  in  a  plane  determined  by 
the  movement  of  this  7-kilometer  line  along  the  parallel  passing  through  its 
foot  In  the  first  method  varying  weather  conditions  interfere;  in  the  second, 
variation  in  topography  and  in  the  nature  of  the  earth's  surface  tend  to 
obscure  the  results  sought  At  best  only  a  transverse  section  of  the  system 
could  be  seen  in  either  of  these  ways,  the  first  of  which  is,  for  many  reasons, 
preferable.  These  are  typical  methods  in  dynamic  meteorology.  Observations 
distributed  throughout  the  year  are  equivalent  to  only  a  small  variation  in 
latitude.  It  follows  that  a  system  of  observing  stations  placed  as  nearly  as 
may  be  along  a  meridian  would  furnish  the  best  possible  scheme  for  the  com- 
plete exploration  of  the  diurnal  system  of  convection. 

It  has  been  possible  to  explore  the  diurnal  system  of  convection  more 
completely  than  either  of  the  other  systems  mentioned.  For  this  reason  and 
l>ecause  of  the  apparent  analogy  between  it  and  each  of  the  other  systems, 
the  results  of  its  study  have  been  taken  up  in  some  detaiL 

The  mean  air  movement  for  a  year  in  this  latitude  varies  from  west  by 
less  than  6*  at  any  level  up  to  4  kilometers  above  sea,  yet  winds  from  the 
west  are  not  frequently  observed  in  this  stratum,  especially  in  that  part  of 
it  near  the  earth's  surface.  Between  a  center  of  a  given  high-pressure 
area  and  the  center  of  the  succeeding  low-pressure  area  a  southerly  current 
of  air  is  passing,  in  which  the  west  component  increases  with  height  A 
northerly  current  pass^  between  the  center  of  the  low-pressure  area  and 
that  of  the  following  high.  In  this  current  the  west  component  is  also  found 
to  increase  with  height  This  circulation  is  illustrated  somewhat  by  figures 
5  and  6. 

The  southerly  current  is  the  moister  and  consequently  the  less  diathermanous. 
Figure  7  shows  the  resulting  distribution  of  temperature.  The  earth's  sur- 
face again  seems  to  be  the  important  source  of  heat  in  the  air  mass  considered, 
and  as  before  the  lower  air  temperatures  in  the  upper  stratum  are  found 
above  the  more  absorbing  part  of  the  surface  stratum.  The  distribution  of 
air  movement  and  pressure  above  4  kilometers  has  not  been  much  explored 
with  reference  to  the  convective  system  accompanying  the  passage  of  high  and 
of  low  pressure  areas,  and  while  it  is  likely  they  could  be  fairly  well  filled 
in  by  comparison  of  this  convective  system  with  the  diurnal  system,  its 
thorough  exploration  is  very  desirable.  A  system  of  stations  for  the  purpose 
of  making  this  exploration  is  now  in  process  of  installation  in  this  country. 

Above  the  4  or  5  kilometer  level  west  winds  seem  to  increase  with  height 
in  frequency  and  in  velocity  up  to  about  the  surface  of  minimum  tempera- 
ture. In  this  latitude  and  during  the  summer  months  the  winds  become 
easterly  at  about  the  18-kilometer  level.  This  easterly  movement  increases  in 
velocity  with  altitude  as  far  up  as  our  observations  extend.     The  velocity 


Digitized  by^OOQlC 


638       PBOOEEmNGS  SECOND  PAN  AMEBICAN  80IBNTIFIC  CONQBES& 


attained  at  the  80-kilonieter  level  la  likely  to  be  greato:  than  that  of  any 
air  movement  at  lower  levels.  In  the  winter  months  in  this  latitude  these 
easterly  winds  have  not  been  foond  up  to  the  19-kilometer  level.  No  observa- 
tions of  air  movement  above  this  level  have  yet  been  made  in  this  country 
in  the  wintertime. 

The  difference  in  altitude  at  which  the  upper  easterly  winds  are  found  seems 
to  vary  with  latitude.  European  observations,  most  of  which  are  at  hi^^her 
latitudes  than  this,  do  not  encounter  easterly  winds  of  high  velocity  even  at 
high  altitudes.  On  the  other  hand.  Van  Bemmelen  has  found  easterly  winds 
of  40  meters   per   second   velocity   at   the  29.5-kil<Mneter   leveL    Van   Bem- 


melen  has  given  this  easterly  current  the  name  Krakatoa  wind,  because  by  it 
dust  thrown  into  the  air  by  the  eruption  of  this  volcano  was  carried  around 
the  earth  in  a  westerly  direction  at  the  rate  of  approximately  35  meters 
per  second.  The  temperature  altitude  relation  up  to  30  kilometers  Is  shown 
in  figure  8.  The  westerly  winds  which,  so  far  as  our  observations  extend,  con- 
tain the  surface  of  minimum  temperature  appear  to  be  of  greater  vertical 
extent  at  higher  latitudes.  Over  Batavia  their  depth  Is  only  about  4  kilo- 
meters (from  the  19  to  the  23  kilometer  levels),  according  to  observations  by 
Van  Bemmelen.  The  easterly  wind,  as  observed  in  this  latitude  In  the  summer 
months,  appears  to  contain  a  surface  of  maximum  temperature  at  about  the 
28-kilometer  level. 
It  has  been  shown  in  a  note  recently  published  In  the  Monthly  Weather 
weight  of  water  content, 
Review  that  the  ratio, ^^,„U4.  ^^  ^ ... reaches  a  minimum  in  this 


weight  of  dry  air, 
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cold  westerly  current,  but  that  the  ratio  may  become  as  great  above  this 
minimum  as  It  is  at  any  level  below  It. 

While  the  exploration  of  the  planetary  system  of  convection  in  a  vertical 
direction  has  only  Just  begun,  in  it,  apparently,  the  same  explanation  of  the 
temperature  distribution  obtains  as  in  the  other  two  convective  systems  con- 
sidered. The  westerly  current  is  comparatively  dry,  cold,  and,  consequently, 
diathermanous.  It  transmits  radiation  from  below  rather  freely,  the  absorp- 
tion of  which  by  the  moister  upper  easterly  current  is  responsible  for  the 
surface  of  maximum  temperature  contained  in  this  current 


Fio.  ft. 

The  terms  "  isothermal  atmosphere  '*  and  "  advective  atmosphere  "  have  been 
applied  to  the  region  outside  of  the  upper  limit  of  the  high  westerly  current 
and  a  surface  of  discontinuity,  above  which  the  constitution  of  the  air  is  dif- 
ferent from  that  of  the  air  below,  and  across  which  no  mixing  of  the  lower 
and  upper  airs  is  possible,  has  been  supposed  to  form  the  lower  boundary  of 
this  region.  In  the  writer's  opinion  the  data  now  in  hand  finally  dispose  of 
these  general  terms  and  of  the  rather  far-fetched  explanations  of  the  upper 
inversion  of  temperature  that  have  given  rise  to  their  use. 

In  general,  these  phenomena,  belonging  to  the  planetary  system  of  convec- 
tion, are  the  same  when  observed  anywhere  along  a  parallel.  It  is  only  by 
making  simultaneous  observations  at  points  as  nearly  as  may  be  along  a 
meridian  that  the  planetary  convective  system  can  be  thoroughly  explored. 

A  system  of  eight  observatories  extending  from  latitudes  70'  N.  to  70'  S., 
spaced  approximately  20'  apart,  and  working  in  concert,  could  furnish  data 
of  almost  inestimable  value  to  dynamic  meteorology.     Such  a  system  would 
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afford  means  for  a  very  complete  study  of  the  diurnal  and  planetary  systems 
of  convection.  For  the  careful  study  of  the  convective  systems  accompanying 
the  high  and  low  pressure  areas  which  pass  aperlodlcally  from  west  to  east  in 
the  middle  latitudes,  the  observatories  would  need  to  be  closer  together.  AIso^ 
in  view  of  the  fact  that  the  topogri^hy  and  the  nature  of  the  surface  ovet 
which  they  pass  affect  these  systems  materially,  an  east  and  west  distribution  of 
observatories  may  he  necessary,  especially  when  the  use  of  the  uppor-air  data 
in  forecasting  is  contemplated.  Bither  the  North  or  the  South  American  conti- 
nent furnishes  an  excellent  field  for  the  study  of  these  convective  systons. 
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It  seems  certain  that  every  American  Republic  must  soon  have  one  or  more 
observatories  for  the  study  of  the  upper  air,  because  of  the  vital  connection  of 
this  study  with  atrial  navigation,  if  not  for  purely  meteorological  reasons. 
Care  in  the  location  of  these  observatories  would  insure  their  serving  both 
purposes. 

The  Chairman.  If  there  is  nothing  further  this  morning,  we  will 
declare  the  meeting  of  this  subsection  adjourned  until  to-morrow 
afternoon  at  2.30  o'clock. 
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SESSION  OF  SUBSECTION  B  OF  SECTION  U. 

Carnbgie  Institution, 
Wednesday  morning  ^  January  5, 1916. 

Chairman,  Charles  F.  Marvin. 

The  meeting  was  called  to  order  at  10  o'clock  by  the  chairman. 

The  Chairman.  Owing  to  the  absence  of  the  authors  of  the  first 
two  papers  set  down  on  the  program  for  this  morning — one  by  Dr. 
Santiago  I.  Barberena,  on  ^^  The  principal  geophysical  bases  of  mod- 
em seismology,^  and  the  second  by  Comit  de  Montessus  de  Ballore, 
director  of  the  seismological  service  of  Chile,  on  the  ^  Organization 
of  macroseismological  observations  in  America" — these  papers  will 
be  announced  as  read  by  title. 

I  will  also  annotmce  that  the  paper  by  Prof.  H.  C.  Frankenfield, 
of  the  United  States  Weather  Bureau,  Washington,  D.  C,  on  "  Fog 
forecasting  in  the  United  States,"  the  paper  by  Prof.  A.  J.  Henry,  of 
the  United  States  Weather  Bureau,  Washington,  D.  C,  on  "  River 
service  of  the  Weather  Bureau,"  and  the  paper  by  Mr.  E.  C.  Emigh, 
of  the  United  States  Weather  Bureau,  Augusta,  (Ja.,  on  the  "  Prin- 
ciples involved  in  predicting  high- water  stages  in  ^  flashy '  streams, 
with  special  reference  to  the  scheme  for  the  Savannah  River,  Au- 
gusta, Ga.,"  will  be  considered  as  read  by  title. 

Prof.  Humphreys  has  kindly  agreed  to  combine  his  paper  of  yes- 
terday with  the  one  of  this  morning,  presenting  both  briefly,  and  we 
will  hear  them  at  this  time. 

INFORMB  DE  LOS  SERViaOS  METB0R0L66IC0  T  SISM0L6GIC0 

DB  EL  SALVADOR* 

Por  SANTIAGO  L  BARBBRENA, 
Director  del  Observatorio  Naoional  de  El  Salvador. 

EI  Observatorio  Nadonal  de  Bl  Salvador  fa^  fundado  por  Decreto  de  f^cha 
25  de  octnbre  de  1800  durante  la  admlnistracidn  de  don  Oarlos  Bzeta,  habiendo 
Bido  an  primer  Director  el  marine  pemano  don  Oarlos  Mayer,  Quien  des^npefid 
ese  cargo  durante  menos  de  aeis  mes^L 

Ya  antes  de  eso  se  practicaban  algnnas  observaciones  meteoroldgicas  en  el 
Instituto  Nadonal  a  cargo  del  Dr.  don  Darfo  Gonz&lez,  y  en  ese  plantel  estavo 
establecido  el  Observatorio  durante  el  tiempo  que  lo  tuvo  a  sn  cargo  el  aefior 
Mayer. 

Sn  sucesor  el  talentoso  y  entendido  matem&tico  salvadorefio  Dr.  don  Alberto 
S&nchez/  f  aUeddo  hace  algonos  alios  en  plena  florescenda,  gestion^  y  logr6  que 
el  Observatorio  se  trasladase  a  uno  de  los  apartamentos  de  la  Universldad 
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Nacional.  Al  doctor  S&nchez  se  debe  la  reglamentacldn  de  los  servicios  del 
Observatorlo,  reglamentaddn  que  en  sus  Ifneas  fundamentales  subslste  athi. 

PoBterlormente  el  Obserratorio  ha  estado  a  cargo  del  Ingenlero  don  Jnll&n 
Aparldo.  Y  despu^  del  lamentable  falleclmlento  del  Joven  y  laborloso  Sr. 
Aparido,  acaecldo  en  agosto  de  1005  entrd  a  desempefiar  la  Dlreccl6n  el  Inf ras- 
crlto  que  atln  permanece  en  ese  puesto. 

Los  servldos  del  Observatorlo  comprenden  trea  ramoe:  astronomfa,  meteoro- 
logia  y  slsmologfa. 

La  parte  astronOmica,  por  falta  de  Instrumental  adecnado  se  reduce  por 
ahora  a  la  determlnacldn  del  tlempo  medio  local,  medlante  observaclones  de  alturas 
solares  con  un  buen  teodoUto  de  la  acredltada  casa  Secretan,  operad6n  que  se 
efecttla  todos  los  ml^rcoles  y  sdbados,  y  se  anuncla  al  ptlbllco  en  el  Instante 
del  medio  dfa  con  un  cafionazo.  Se  ban  publlcado  tambito  algunos  cdlculos 
estelarios  y  relatlvos  a  cometas  y  se  ban  becbo  efem^rldee  astron6mlcas  para 
uso  vulgar. 

Las  observaciones  meteorolOglcas  comprenden:  la  temperatura,  la  preslOn 
atmosf^rlca,  el  estado  higrom^trico,  la  insoladdn,  la  nebulosldad  y  la  direccldn 
y  fuerza  del  viento.  Para  esos  sels  elementos  cu^ita  el  Observatorio  con  los 
aparatos  necesarlos,  de  muy  buena  procedenda  y  en  perfecto  estado  de  con- 
servaddn.    Las  observadones  se  ejecutan  a  las  7  a.  m.,  a  las  2  p.  m.  y  a  las  9  p.  m. 

Durante  algtln  tlempo  se  ban  estado  publicando  y  atln  se  publican  dfa  por  dla 
las  obseryadones  meteorol6gicas,  sin  porjuido  de  publicar  cuadros  mensuales 
y  el  resumen  correspondlente  a  cada  alio. 

Se  ban  estableddo  estadones  secundarias  en  Santa  Ana,  Ahuadtap&n,  Son- 
sonate,  San  Vicente^  Sucbitoto,  Algeria  y  La  Unidn,  escogidas  de  manera  de 
tener  los  dates  relatlvos  a  los  puntos  m&s  importantes  de  la  reptU>llca  desde 
el  punto  de  vista  meteorol6gico. 

Gomo  el  Salvador  es  un  pals  esendalmente  agricola,  y  por  consigulente  el 
fen6meno  de  las  Uuvias  es  de  vital  importanda  para  6\,  se  ban  estableddo 
tambl4n  estadones  pluviom^trlcas  en  varies  puntos  convenlentemente  elegldos. 

Acompafio  un  cuadro  de  las  Normales  correspondientes  a  San  Salvador,  que 
con  bastante  aprozimaddn  puede  considerarse  como  relativo  al  pais  entero, 
tanto  por  la  pequefiez  de  tete,  como  por  la  posid6n  central  que  ocupa  esta 
dudad. 

Periodo  de  18S9  a  1899. 

Gr.a 

Temperatura  a  la  sombra  (seco) 23.1 

Mdxlma  diaria,  media  normal 30,8 

Minima  diaria,  media  normal 17, 1 

Osdlaci6n,  media  normal ; 18,2 

llAxima  absoluta  en  11  afios 37,8 

Mfninla  absoluta  en  11  afios . 9,6 

Bardmetro  a  O  Or,  C.  ^^^ 

llAxima  absoluta  en  U  afios 710,4 

Minima  absoluta  en  11  afios 697,8 

Media  normal 704,9 

Osdlad6n  absoluta  en  11  afios 18,1 

Humedad  relativa.  Percent 

BIAxima ^ 100 

Minima 21 

Media 77 

68436— VOL  n— 17 41 
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TenMn  del  vapor  de  agua  atmotl&rioo. 


M&xima 29,8 

Mfnima 7,4 

Media 16, 0 

Lluvia  en  mm, 

Mjb. 

Predpitacito  m&xlma  en  an  afio 2711 

Precipitaci^n  mfnima  en  un  aflo- 875 

Preclpitacito  mAxIma  en  24  boras 300 

Viento, 

La  veloddad  m&xlma  absoluta  fu6  de 27     ms  en  1  a. 

La  veloddad  minima  absoluta  fu6  de 0,2  ms  en  Is. 

La  v^ocidad  media  absoluta  fu^  de 1,9  ms  en  Is. 

Direcdto  dominante SW  y  NO — 

La  Secd6n  Sl8mol6glca  se  ha  estableddo  en  un  pabell6n  construido  ad  hoe 
a  orillas  yalS.de  esta  dudad,  en  terrenos  de  la  Finca  Modelo.  Su  posid6n 
geogr&flca  es  13*  48'  44"  de  Lat  N.  por  fS^  56m  88s  de  Long.  W.  respecto 
a  Grenwldi,  estando  a  674  metros  sobre  el  nivel  de  mar. 

Ouenta  oon  un  exoelente  MicroHtmdgrafo  Yicentini,  a  tres  oomponentes:  la 
longitud  del  p^dulo  vertical  es  de  1,50ms,  con  una  masa  de  100  Idl^gramos, 
para  las  componentes  borizontales,  y  otra  de  50  Kg.  para  la  componente  v^- 
tical,  dando  90  y  180  de  ampliflcad^n,  respectivamente,  con  un  perfodo  com- 
pleto  de  2m  8s  para  las  primeras,  y  0*35  para  la  ^tlma,  y  con  0^,90  de 
veloddad  boraria  la  dnta  registradora.  Para  el  estudio  de  los  temblores  locales 
intensos  bay  un  macroHtmometrdgrafo  Agamennone,  de  tres  componentes  y 
con  una  amplificad6n  de  2X1.  Bst&n  montados  tambite  dos  Trom&metros 
(ptodulos  borizontales  pesados)  Omori-Boscb,  de  100  Kg.  y  con  una  ampliflca- 
d6n  de  80  a  100,  tal  como  se  construyen  boy  en  Strasburgo,  de  acuerdo  con  las 
indlcadones  del  Dr.  Hecker.  El  tiempo  medio  local  estft  regulado  por  un 
magnffico  reloj  de  p^ndulo,  conectado  el^ctricamente  con  el  Yicentini  y  oon  los 
Omori-Boscb. 

BstA  provista  esa  secdto  de  todos  los  tltiles  necesarios  para  el  abumado  y 
bamizado  de  los  sismogramas  y  con  los  enseres  que  se  requieren  para  la  buena 
marcha  del  servida 


ORGANIZACION  de  LAS  OBSERVAaONES  BIACROSISMOLOGICAS 

EN  AMERICA. 

Por  OONDB  DB  MONTBSSUS  DB  BALLORB, 
Direotor  del  Servicio  Sismoldffioo  de  CJiUe. 

I.   00N8IDEBACI0NE8  GBNEBAIJ». 

De  una  organizacion  sistemdtica  y  uniforme  de  las  observadones  sismo- 
Idgicas  en  toda  la  superflde  de  un  vasto  contlnente  como  America,  resultar&n 
despu^  de  un  tiempo  sufidentemente  largo,  deducciones  dentfficas  de  gran 
importanda  acerca  de  los  fen6menos  sfsmicos  no  solo  para  el  Nuevo  Mundo, 
sino  tambi^  para  todo  el  Orbe.  Pero  el  ^ito  de  una  empresa  dentffica  de 
tamafia  magnitud  se  frustrarft  por  completo  si  no  se  establece  en  conformidad 
a  algunos  requisitos  que  vamos  a  ezponer  sucintamente. 
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(1)  Bb  menester  se  fije  de  antemano  y  oon  la  debida  predsito  el  iHroblema 
cientifico  que  se  quiera  investigar. 

(2)  El  m^todo  de  observaci^ii  debe  ser  sendllo,  pr&ctloo,  y  uniforme  en 
cuanto  sea  posible. 

(3)  La  instalaci6n  de  las  estadones  sismoldglcas  deberd  ser  barata  para 
tener  en  cuenta  el  poder  finandero  de  los  palses  menos  rlcoB  que  se  adherir&n 
a  la  futura  asoclaci6n  sismoldglca  panamerlcana. 

Es  superfluo  declr  que  estos  prindpios  d^)erfaD  regir  una  organizad6n 
internadonal  para  la  observaddn  de  un  fendmeno  natural  cualquiera  que  sea. 

El  segundo  y  el  tercer  principio  que  acabamos  de  enunciar  no  necesitan 
ezamen  prevlo.  Pero  no  sucede  asf  para  el  primero.  En  efecto,  el  punto  de 
vista  meramente  dentifico  a  que  deber&  corresponder  la  organlzadto  pro- 
yectada  es  de  solucidn  dellcada,  porque  segdn  las  oplniones  que,  acerca  de  los 
f endmenos  sfsmicos,  prof esar&  cualquler  sismdlogo  a  qulen  se  encargue  redactar 
un  proyecto  de  esta  dase,  didias  oplniones  se  reflejar&n  forzosamente  en  la 
soluddn  que  presentarft. 

Nos  encontramos,  por  consiguiente,  en  la  obligaddn  de  resefiar  a  grandes 
rasgos  nuestra  opinidn  personal  respecto  a  la  naturaleza  del  moviniiento  sls- 
mico,  aunque  habrfamos  podido  ahorrar  esta  exposiddn  sucinta  por  haberla 
definido  en  varias  memorias.  Equivaldrd  esto  a  deflnir  cudl  objeto  concrete 
debe  perseguirse,  en  nuestra  opinion,  por  la  realizaddn  de  una  red  pan« 
americana  de  observaciones  sismoldglcas,  pues  el  proyecto  que  presentamos 
precede  de  las  oplniones  que  prof  esamos  acerca  de  los  temblores. 

n.  OBJVrO    CIENTfFICX)   PBINCIPAL    QUE   DEBE   FEBSE0UIB8E. 

El  obJeto  dentifico  prindpal  que  debe  perseguirse,  es  el  de  ensanchar  hasta 
el  menor  detalle  nuestros  conodmientos  respecto  a  la  repartiddn  geogr&fica 
de  la  Instabilidad  sfsmica  en  America.  Los  sismdlogos  la  conocemos  boy 
dfa  en  sus  rasgos  prindpales,  pero  queda  por  resolver  el  problema  m&B 
complicado  de  dellnear  con  la  predsidn  debida  las  reglones  pardales  de 
instabilidad  y  la  intensidad  relativa  de  los  terremotos  que  amenazan  a 
cada  una. 

Esta  primera  fase  del  trabajo  necesitard  muchos  afios,  pero  se  completar&n 
mientras  tanto  las  investigadones  geoldglcas,  todavfa  muy  defldentes  en 
vastas  &reas  del  continente  americano  en  que  muy  a  menudo  se  ban  dirigido 
dnicamente  hada  el  descubrimiento  de  los  minerales  dtiles. 

Entonces  vendrd  un  dfa  en  que  serd  posible  confrontar  eflcazmente  y  sin 
hlpdtesis  ilusoria,  la  potenda  sfsmica  grande,  pequefla  onula  de  cualquler 
lugar  de  Amdrica  con  la  evolucidn  geol6gica  del  relieve  terrestre  en  la 
comarca  a  que  pertenece,  pues  creemos  firmemente  que  el  fendmeno  sfsmico 
propiamente  dicho  tiene  causas  ezclusivamente  geoldglcas. 

La  determinaddn  de  los  Ifmites  precisos  de  las  regiones  pardales  de  insta- 
bilidad con  su  grade  correspondiente  de  peligro  sfsmico  dard  tambien  a  conocer 
con  ezactitud  las  dreas  en  que  deberfan  imponerse  reglamentos  de  edilidad 
antisfsmica,  un  deber  gubernativo  y  munidpal,  cuya  suma  importanda  no 
escapard  a  nadie. 

De  esto  se  desprende  desde  luego  que  exduimos  la  observaddn  de  los  microsis- 
mos,  restringidndonos  a  la  de  los  macrosismos  y  megasismos,  o  sea  de  los 
temblores  y  terremotos.  Se  entiende  que  a  esta  Investigaddn  limitada,  deberd 
agregarse  la  de  los  Brontidis,  o  sea  la  de  los  temblores  frustrados. 

En  verdad»  si  varios  mlcrosismos  se  originan  de  fendmenos  geoldgicos,  otros 
muchos  resultan  de  una  multitud  de  otros  fendmenos  naturales,  meteoroldgicos, 
geoffsicos  y  hasta  cdsmicos,  de  mode  que  al  eliminar  por  complete  la  observa- 
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ci6D  de  laa  m^  pequefias  yibraciones  terrestres,  perderemos,  no  bay  duda,  nn 
gran  ntUnero  de  movlmientos  de  origen  geoldglco ;  pero  la  distlncidD  entre  estas 
yibraciones  segfin  su  origen  qneda  todayfa  sin  criterio  conoddo.  AbI  se  expUca 
daramente  t>orqu4  no  se  ha  podldo  sacar  ningnna  deducddn  concreta  de  los  to- 
numerables  boletines  slsmoldglcos  que  se  publican  actualmente  en  todas  partes 
del  mundo,  entendi^ndose  que  nos  referlmos  al  estudio  de  las  causas  geoldgicas 
de  los  temblores.  La  raz6n  de  este  fracaso  es  obvla :  los  sism6graf os  registran 
un  fen6meno  consecutivo,  la  propagaci6n  del  movimlento  terrestre  a  trav^  de 
la  masa  del  planeta  o  en  su  superfide,  y  este  ditimo  fen6meno  serd  Id^tioo 
cualquiera  que  sea  el  empuje  inlcial  ora  geol6glco,  o  sea  sismico,  ora  de  origen 
meteorol6gico,  geoffsico  o  c6smlco :  asf  de  nlnglin  modo  los  sismogramas  podrftn 
darnos  la  llave  del  genesis  geol6gico  de  los  temblores  proplamente  dichos. 

En  otras  palabras,  ezclufmos  de  la  organizaci6n  proyectada  las  InvestigacioneB 
y  obserraciones  relativas  a  las  modalldades  del  moyimlento  sismico  por  tratarse 
de  un  problema  que,  en  nuestro  modo  de  ver,  debe  reservarse  a  los  grandes  in- 
stitutos  cientificos. 

No  serd  inoportuno  sefialar  el  casi  fracaso  de  la  enorme  mdquina  llamada 
Asociad6n  sismoldgica  intemaclonal,  a  lo  menos  en  cuanto  al  origen  geoldgico 
de  los  temblores,  pues  no  se  dlvisa  hasta  ahora  cuales  resultados  de  verdadera 
importanda  se  hayan  sacado  todavfa  en  este  sentido  de  los  trabajos  publlcados 
o  emprendldos  por  ella,  por  interesantes  que  sean  muchos  de  ellos  en  otros 
conceptos  de  sismologfa  general.  Los  mayores  adelantos  modemos  de  la  sismo- 
logia  ban  resultado  de  esfuerzos  individuales,  mientras  que  la  Asodad6n  se  ba 
encamlnado  hada  vfas  poco  prdcticas  y  es  tete  el  peligro  que  se  trata  de  eyitar 
en  Am^ica. 

Si  se  logra  organizar  prdctlca  y  unlformemente  la  obserrad^n  de  loe  tem- 
blores en  todo  el  continente  americano,  las  ambiciones  de  los  slsmdlogos  se  ten- 
drdn  por  ampliamente  satisfechas,  solo  con  suministrar  a  los  ge61ogo6  dd 
futuro  un  material  de  observaclones  macroslsmicas  que  les  permita  definlr  con 
predsi6n  las  causas  geol6gicas  de  los  fen^menos  sismicos,  pues  a  ellos  tocard 
resolver  el  problema  de  su  origen. 

De  consiguiente,  los  pafses  que  se  adherirdn  a  la  Asociad^n  sismol^^ca  pan- 
americana  serdn  libres  de  establecer  o  no  en  sus  territories  observadones 
sismometrogrdflcas,  segdn  les  convenga  y  en  la  forma  que  mejor  les  parezca. 

Asl  definldo  el  objeto  que  debe  perseguirse  segdn  pensamos,  es  posible  alunra 
examlnar  cuerdamente  los  medios  prdcticos  mds  a  prop6sito  para  lograrla 

m.  BEPAsnci6N  gboorAfica  de  las  bstacionbs  sismol6oicas. 

Oonodda  como  estd  en  sus  grandes  rasgos  la  repartici6n  geogrdflca  de  la 
instabilidad  sismica  en  America,  nada  mds  fdcll  que  determinar  la  red  de  las 
estaciones  sismol6gicas  que  serd  necesario  establecer.  Bastard  que  los  drculoB 
de  sensibilidad  de  los  aparatos  empleados  en  dos  estaciones  adyacentes  se 
intersecten  un  poco. 

Varies  aparatos  bastante  sendllos,  fuertes  y  baratos  tienen  para  los  macroslB- 
mos  un  radio  de  sensibilidad  que  alcanza  hasta  400  a  500  kilometres.  Men- 
donaremos  el  p^dulo  estdtico  de  Wiechert  de  180  kildgramos  y  los  ptoduloe 
horizontales  Omori  de  80  kilOgramos,  Bosch-Omori  de  100  kil6gramos,  de  la 
Oartucha  de  Granada  (Espafia.  P.  Navarro  Neumann),  etc.,  son  equlval^ites 
para  nuestro  objeto.  Si  se  qulere  imponer  un  modelo  dnico  de  aparato,  lo  que 
no  creemos  necesario,  entonces  se  tratarfa  del  Wiechert  de  180  kildgramos  por 
ser  empleado  en  Ohile,  el  dnico  pais  de  America  actualmente  dotado  de  una 
organizaci6n  completa.  ' 
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La  ezperiencia  nos  ha  demostrado  que  este  aparato  alcanza  a  registrar  lo8 
temblores  del  tercer  grade  de  intensidad  (Bscala  Mercalli)  hasta  la  distancia 
de  500  kil6metros,  pudiendo  prescindirse  de  los  temblores  del  segondo  grade, 
cuyos  sismogramas  no  se  distingaen  siempre  con  certeza  de  los  debidos  a 
microsismos  o  a  movimientos  artifldales. 

No  faltan  en  Arnica  regiones  y  basta  palses  enteros  en  que  no  tiembla  casl 
nunca,  por  ejemplo  el  Uruguay,  el  Paraguay  y  la  mayor  parte  de  Argentina, 
Amazonia  y  Canadd  SeptentrlonaL  De  consiguiente  no  serd  necesario  que  los 
clrculos  de  sensibilidad,  con  un  radio  de  500  kil6metro6,  recubran  todo  el  con- 
tinente;  ciertos  pafses  podr&n,  pues,  abstenerse  de  entrar  en  la  organlzaci6n 
proyectada,  o  si  lo  hacen,  serd  suflciente  instalen  un  Boscb-Omori  de  100 
kll6gramo6,  cuyo  radio  de  sensibilidad  es  pr&ctlcamente  indefinido  en  cuanto  se 
trata  del  problema  de  que  nos  ocupamo&  Por  su  senciUez,  su  baratura  y  su 
notable  sensibilidad  que  alcanza  hasta  2,000  kilometres,  el  ptodulo  Card&nico 
puede  aconaejarse  tambi^. 

El  gasto  ocasionado  por  una  estaciOn  sismol6gica  de  la  clase  indicada  no 
pasa  de  2,000  a  2,500  francos  y  de  una  suma  igual  para  la  construcci6n  del 
observatorio  y  la  compra  de  los  accesorios. 

IV.  EXCLUSION    DE    LOS    SISMOSOOPIOS.       OBSEBVACIONBS    1CACB0SISM0L6qICAS     SIN 

APABAT08. 

A  primera  vista  parecerd  lOgico  se  complete  esta  red  por  otra  de  estaciones 
provlstas  de  slsmoscopios.  Aunque  hayamos  escogido  para  Chile  un  buen 
modelo,  el  de  Agamennone,  los  resultados  obtenldos  ban  side  malfsimos.  Bs 
que,  no  siendo  cuerdo  gastar  mucho  dinero  para  instalar  un  sismoscopio  en 
un  pequefio  edificio,  se  impone  la  necesidad  de  colocarlo  dentro  de  las  ciudades 
y  en  ediflcios  sea  privados,  sea  ptkblicos.  Bntonces  fundona  a  consecuencia 
de  una  multitud  de  movimientos  artifldales  y  asl  se  apuntarfan  un  gran 
ntimero  de  temblores  falsos,  sin  que  sea  posible  saberlo  con  certeza. 

No  hemes  querido  suprimlr  el  empleo  de  los  slsmoscopios  que  tenfamos 
instalados,  pero  en  vista  de  las  dificultades  antes  menclonadas  las  instrucdones 
prdcticas  del  Servido  SismolOgico  prescriben  a  los  observadores  que  tienen  a 
su  cargo  uno  de  estos  aparatos,  apunten  en  cuadros  separados  los  temblores 
que  ban  observado  directamente  y  las  horas  en  que  fundonO  el  sismoscopio 
Agamennone,  estando  la  varita  colocada  siempre  en  el  mayor  de  los  tree 
agujeros.  A  la  ofldna  central  toca  la  tarea  de  determinar  cuando  el  aparato 
ha  fundonado  a  consecuencia  de  un  movimiento  artificial  del  suelo. 

De  esto  se  deduce  la  obligadto  absoluta  de  implantar  una  red  mucho  mds 
densa  de  observadones  directas,  6  sea  sin  aparatos,  porque  los  aparatos 
antes  mendonados  no  permiten  se  determine  con  la  precision  debida  el  &rea 
epicentral  de  los  temblores.  No  por  esto  habrd  peligro  de  perder  algunos 
ttfnblores,  con  tal  que  los  observadores  sean  cumplidos,  pues  el  hombre  es 
un  sismoscc^io  de  gran  sensibilidad.  Bn  un  pais  dotado  de  una  red  bastante 
densa  de  estadones  meteorol^cas,  es  evidente  que  se  tendrA  a  la  mano  un 
personal  competenta  y  adecuado. 

Bn  los  palses  en  que  esta  drcunstanda  no  est&  realisadat  se  encargar&n 
las  observadones  macroBismol6gicas  a  varies  empleados  ptkblicos:  maestros 
y  maestras  de  escuelas  primarias,  profesores  de  liceos,  telegraflstas,  empleados 
de  ccnrreo,  Jefes  de  estadones  de  ferrocarriles,  aduaaeros,  gvardianes  de 
faros;  en  fin  misioneros  en  regiones  poco  pobladas,  etc  Pero  debeBios  haceir 
presente  que  en  cuanto  a  las  observadones,  estas  personas  no  deber&n  depender 
de  la  ofldna  sismoldgica  dd  pals,  pero  sf  de  su  propia  administraddn,  porque, 
(ii-  iitra  manera,  no  tranacurrird  largo  tiempo  antes  de  que  pierdan  el  interns 
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en  las  obflervacionefl.  Es  may  hamano  y  lo  que  ha  sucedido  en  Chile,  pasarfa 
tambien  en  coalquier  otro  pais. 

A  estos  obeervadores  se  sumlnistrardn  instrucciones  senciUas  y  cuadrus 
mensnales  y  se  les  pagar&  una  pequefia  Indemnisacldn,  sobre  todo  con  el  objeto 
de  poder  castigarlos  en  caso  de  que  no  complan  bien. 

Se  obtendrft  asi  con  snma  facllldad  el  &rea  de  sacudimiento  de  an  teinbl<Hr 
y  la  poeici6n  y  forma  aproximada  de  su  Area  epicentral,  con  tal  qne  se 
conozcan  los  lagares  en  que  alcanz6  su  mayor  intensidad,  problema  caya  solo- 
ci6n  prdctica  es  mucho  m&s  delicada  que  lo  que  se  podrfa  creer  a  prlmera 
vista. 

v.   INTBNSIDAD  DB  UN  TKMBLOB.      INSTBUOCIONES  PaACTICAS  PABA  SU  OBSEBVACI6n. 

Una  experiencia  personal  nos  ha  ensefiado  cu&n  dificil  es  aplicar  con  exacti- 
tud  la  eecala  de  Rossi-Forel,  o  mejor  la  de  Mercalll,  a  on  temblor  det^minado 
y  confesamos  que  muy  a  menudo  yadlamos  mucho  en  fijar  el  grade  de  intensi- 
dad  de  un  f^i^meno  sismico  que  acaba  de  sacudir  a  Santiago.  Oon  mucha 
mayor  raz6n,  asi  sucederA  a  un  obserradOT  que  no  sea  un  perito  ^i  sismologla. 
Es  necesario  se  busque  el  mejor  modo  de  aplicar  pr&cticamente  la  escala 
cUbsica  y  nos  ha  bastado  suprimir  los  grades  de  intensidad,  ordenando  sua 
efectos  en  una  serie  credente  y  continua.  El  observadOT  apuntard  linica- 
mente  los  efectos  que  habrd  notado  el  mlsmo  o  de  que  habr&  tenido  notida 
por  personas  fldedignas. 

Slendo  evidente  que  los  terremotos  destructores  en  un  grade  pequefio  o 
grande  se  investigar&n  por  medio  de  comislones  competentes  y  de  cuestionarioe 
a  prop6sito,  prescindimoB  en  esta  lists  de  los  efectos  que  correfiQ>onden  a  los 
grados  superiores  de  la  escala  de  MercallL 

De  esta  manera  el  observador  no  tendrd  para  que  reflexionar  acerca  del 
grade  de  intensidad,  la  que  determinard  la  ofidna  central  sismol<^ca  con  la 
competencia  requerlda. 

Desde  hace  algunos  meses  termlnamos  de  Implantar  en  Chile  este  m4todo 
y  los  resultados  obtenidos  parecen  satisfactorios. 

Estamos  tan  aferrados  en  nuestra  opinl6n  acerca  de  las  ventajas  de  un  sdlido 
slstema  de  observaciones  macrosismol6gicas  sin  aparatos,  que,  en  caso  de 
necesidad,  prefeririamos  suprimir  las  estadones  sismol6gicas,  pues  si  es 
i^erdad  que  faltaria  la  determlnaci6n  del  tlempo  exacto  de  un  temblor,  no  se 
perderia  nada  en  cuanto  a  la  repartici6n  geogrdfica  de  la  instabilidad,  es 
decir,  para  la  solud6n  del  problema  geoMgico. 

YI.   ESCOGIMIBNTO   DE   LAS    E8TACI0NKS    8I8MOL60ICAS. 

No  bastard  que  las  estadones  sismol6glcas  hayan  side  escogidas  de  modo  que 
sus  circulos  de  sensibilidad,  o  sus  dreas  de  vigUanda  se  intersecten  un  poco. 
«erd  menester  tener  en  cuenta  otras  drcunstandas. 

ISo  es  cierto  que  las  grandes  cadenas  de  montafias  dificulten  la  propagadto 
del  movimlento  sismico  de  un  lado  al  otro  de  su  eje,  pero  la  aserd6n  es  acep- 
tada  por  tantos  sism61ogos  que  serd  prudente  repartir  las  estadones  sismol6- 
gicas  en  una  red  un  poco  mds  densa  de  lo  que  seria  necesario  en  la  hip6tesi8  de 
que  el  hecho  no  sea  exacto. 

Por  otra  parte  nlngdn  pals  aceptard  que  una  parte  de  su  territorio  se  vigile 
por  una  estadto  cercana  a  su  frontera,  pero  instalada  en  el  pals  adyacente. 

Podrdn  intervenir  drcunstandas  locales  relativas  al  personal,  a  la  ubicad6n 
misma  de  la  estadOn,  etc. ;  de  modo  que  nuestro  proyecto,  segdn  se  describird 
en  adelante,  deberd  tenerse  como  una  mern  y  previa  aproximaci^n. 
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▼n.   K8TAD0  ACTUAL   DB   LAS   OBSKBYACIONBS    8I8M0L60IGA8   EN   AMtUOA. 

Sabiendo  que  las  reglones  verdaderamente  slismlcas,  o  sea  las  de  gran  instabili- 
dad,  pertenecen  todas  a  la  cresta  saliente  de  las  Montafias  Rocosas  y  de  la 
CJordiUera  de  los  Andes,  es  dedr  coinciden  con  las  &reas  geosincllnales  del 
Paciflco  y  de  las  AntUlas,  mlentras  que  el  resto  de  las  tierras  amerlcanas,  si 
ezceptuamos  las  cercanfas  de  New  Madrid  (Missouri),  no  presenta  sino  reglones 
peneslsmicas  y  astemicas,  nna  primera  ojeada  dirigida  al  mapa  en  que  van 
apuntadas  las  47  estadones  sismol6gicas  ahora  existentes,  nos  demostrarft  que  la 
red  actual  es  ya  bastante  satlsfactoria.  Bn  realidad  y  por  varios  motivos,  no 
merece  esta  alabanza  el  estado  efectivo  de  la  organlzaci6n  actual,  tal  como  se 
presenta  en  apariencla,  o  sea  en  el  mapa  que  va  adjunto. 

Para  numerosas  estaciones,  si  en  verdad  conocemos  la  dase  del  aparato  sis- 
mogr&fico  empleado,  ignoramos  su  peso,  es  dedr,  el  radio  de  su  yigilanda  para 
los  macrosismos. 

No  hay  duda  que  algunas  estadones  ban  cesado  de  fundonar  despute  de  una 
actividad  efibnera,  y  a  la  inversa  es  probable  que  se  hayan  estableddo  redente- 
mente  algunas  sin  que  tengamos  notidas  de  ellas. 

No  conocemos  tampoco  todos  los  boletines  respectivos  de  modo  que  no  podemos 
damos  cuenta  cabal  del  valor  de  las  observadones  correspondientes  en  cuanto 
se  trate  de  conseguir  el  objeto  espedal  y  bien  definido  que,  en  nuestra  opinion, 
dd>e  perseguirse  por  los  sismdlogos  del  Gongreso  de  Washington. 

De  todos  modes  nos  encontramos  en  la  imperiosa  obligad6n  de  aprovechar 
en  lo  posible  la  organizad6n  actual  a  pesar  de  su  relativa  incoherenda,  o 
mejor  dedr,  de  su  talta  de  uniformidad,  de  manera  que  agrupando  todas  las 
buenas  voluntades  en  las  reglones  donde  hay  exceso  aparente  de  estadones  y 
proponiendo  la  cread6n  de  nuevas  estadones  allf  donde  faltan  evidentemente, 
resulte  un  proyecto  barato  y  pr&ctico  de  asodad6n  panamericana  para  la 
observadOn  de  los  temblores.  Bn  otras  palabras  no  serfs  cuerdo  presdndir 
de  lo  existente  con  el  objeto  de  realizcur  efectivamente  la  organizad6n  ideal 
que  hemes  deduddo  de  los  "  desideratas  "  antes  formulados. 

Volvamos  ahora  al  mapa  para  expouer  sucesivamente  la  red  actual  de  esta- 
dones sismol6gicas  y  el  modo  mas  &  prop6sito  para  completarla.  Bn  cada  case 
estudiaremos  aparte  las  reglones  geosincllnales  y  las  dem&s. 

Vm.   BSTACIONBS    BI^MQL6GICAB   EXISTBNTB8.     IN8TITUT0S   DK    QUE   DSPKNDBN. 

SUS  APABAT06. 

Bsta  lists  ha  side  establedda  por  medio  de  la  obra  de  Merlin  y  Somville,^  a 
cuyos  dates  se  agregaron  informadones  nuevas.  Ser&  probablemente  incom- 
pleta.  Son  47  estadones  repartidas  en  45  dudades.  Se  describir&n  de  norte 
a  sur. 

▲.   BSTAGIOMaS   8XTUADA8   DSNTBO  DS  LAS  iRBAS   GSOSXHCLIlfALIS. 

1.  Sitka.     Alaska   T.   Oast  and   geodetic   Survey;   Magnetic   Observatory. 

P^dulo  Bosch-OmorL 

2.  Victoria  (British  (Columbia).    Meteorological  Service  of  the  Dominion  of 

Canada. 
Pfindulo  horizontal  Milne. 
8.  Mare  Island,  C^aL,  United  States  naval  Observatory. 
Slsmdgrafo  Bosch-OmorL 

>  LItte  dec  otMerratoirea  magn^qnes  et  dec  obflenratolrMi  sOimologlqQee.  Obseryatolre 
royal  de  Belgique.    Serrice  astronomiqve.    BmxeUes,  1910. 
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4.  Berkeley,  Cal.,   Students'   Observatory  of  tbe  University  of   California. 

Berkeley  Astronomical  Department 
Sism<}grafo  Swing. 
Duplex. 

5.  San  Jos^  GaL,  University  of  tbe  Padflc. 
Sismdgrafo  Ewing. 

a  Santa  Clara,  OaL,  University  of  Santa  Clara. 

Wiechert  de  80  kildgramos. 
7.  Mount  Hamilton,  GaL,  Lick  Observatory  of  tbe  University  of  Oalifbmia. 

Si8m6grafo  de  la  Cambridge  Sdentiflc  Society. 

Un  pequefio  duplex, 
a  Salt  Lake  aty,  Utah,  University  of  Utah. 

Sism^graf  o  Bosch-Omori. 
9.  Tacubaya,  Mexico,  Observatorio  astrondmico  nadonaL 

Bosch-Omorl  de  10  kil6gramo6. 

10.  La  Habana,  Observatorio  del  Colegio  de  BeMn.    S.  J. 
Ptodulo  Bosch-OnMWl 

11.  Trinidad,  Cuba,  Saint  Clair  Experiment  Station,  Botanical  Department 
P^ndulo  horizontal  Milne. 

12.  Puerto  Principe,  Haiti,  Observatorio  de  la  Sodedad  astron6mica  y  meteo- 

rol<^ca  del  Instituto  San  Luis. 
Si8m6grafos  Guzzanti  de  varies  tamaf&os. 
12  bis.  Puerto  Principe,  Haiti,  Observatorio  meteoroldgico  del  Colegio  y  Semi- 
nario  San  MarciaL 
Boscfa-Omori  de  71  kil<}gramoB. 
18.  VieQuez,  Porto  Rico  Magnetic  Observatory. 
P^ndulo  horizontal  Bosch-OmorL 

14.  Morne  des  Cadets,  La  Martinique. 
Bosch-Omori  de  11  kildgramos. 
Sismdgrafo  CeccM. 

15.  Guatemala,  Observatorio  meteoroldgico. 
Wiechert 

Bosch-Omori. 
10.  San  Salvador,  AmMca  CentraL 
Si8m6grafo  Ewing. 

17.  Punta  Arenas,  Costa  Rica,  Centre  de  Estudios  Sismoldgicos. 
P^ndulo  horlzontaL 

18.  San  Jos^  de  Costa  Rica,  Universidad  Naclonal. 
Slsm6grafo  Swing. 

Duplex. 
P^ndulo  trifilar. 

Ademfts,  el  centre  de  estudios  sismoldgicos  de  Costa  Rica  tiene  lnstalad<i8 
otros  p^dulos  trlfllares  en  Heredia,  Alajuela»  San  Carlos  y  Barm  del 
Colorado. 

19.  PanamA,  Isthmian  Canal  Commission,  Ancon  Observatory. 
Bosch-Omori  de  100  kildgramos. 

20.  Quito.    Observatorio  astrondmico  y  meteoroldgico. 
Slsmometrdgrafo  Agamennone  de  200  kil6gramos. 

21.  Lima.    Estaci6n  Slsmol6gica  de  la  Sodedad  de  Geografla. 
Pdndulo  horizontal  MUne. 

22.  Tacna.    Servicio  Sismoldgico  de  Chile. 
Wiechert  de  180  kil6gramos. 

28.  La  Paz.    Colegio  San  Galixto.    S.  J. 

Pdndulo  horizontal  bifllar  de  2000  klI6gramos.    N.  S. 
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PtodiUo  horizontal  bifllar  de  450  kil6graino8.    B.  W. 
(AmboB  del  modelo  Navarro-Netimann,  segthi  creemos.) 

24.  Ck)piap6.    Servicio  Si^mol6glco  de  Chile. 
Wiechert  de  180  kU^gramoB. 

25.  San  Juan.     Argentina.     Estaci6n  Sfsmico-meteorol6glca  del  Observatorio 

astrondmico  de  La  Plata. 
Sism^afo  Ck>llo  de  120  kll6gramos. 

26.  Mendoza.    Ministerio  de  Agricultura :  Divisidn  de  Minas,  Oeologfa  e  Hidro- 

logla.    B8taci6n  sfamica  de  la  Becuela  de  Yinicultnra. 
Bosch-Omori  (peqnefio). 

27.  Santiago.    Servicio  Sismoldgico  de  Chile. 
Bosch-Omori  de  100  kil^gramos. 
Wiechert  de  180  kildgramos. 

Ptodolo  card&nico  de  150  kildgramoa 
Stiattesai  de  900  kil6gramos. 
2a  Osorno.    Servicio  SismolOgico  de  Chile. 
Wiechert  de  180  kUdgramos. 

B.  E8TA0I0NB8  SrrUADAS  FUEBA  DE  LAB  IbBAB  QBOBPTCUNALXB. 

29.  Disko.    Groenlandia.    Danske  arktische  Station. 

Bosch-Omori  de  100  kilOgramoB.     (Prestado  por  la  Asodacidn  sismoldgica 
internacional.) 

80.  Toronto,  central  office,  Meteorological  Service  of  Canada. 
Sismdgrafo  Milne. 

81.  Ottawa,  Dominion  Astronomical  Observatory. 
Sism6grafo  fotogr&fico  BoBch  de  100  kil<}gramo6. 

82.  Bath,  Me.,  Estacidn  particular. 
Ptodolo  BoBch-Omori. 

88.  Cambridge,  Mass.,  Harvard  Seismographic  Station  of  the  Museum  University. 
P^ndulo  BoBch-Omori. 

84.  New  Haven,  Conn.,  Tale  University. 
P^dulo  BoBch-OmorL 

85.  Albany,  N.  Y.,  State  Museum. 
Bosch-Omori  de  11  kil6gramoB. 

80.  Baltimore,  Geological  Laboratory  of  the  Johns  Hopkins  University. 
Si8m6grafo  Milne. 
P^ndulo  BoBCh-Omorl  de  10  kildgramos. 

87.  W&shington,  D.  C,  I>q;>artment  of  Research  in  Terrestrial  Magnetism,  Car- 

negie Institution. 
Bosch-Omori  de  100  kil^gramos,  modiflcado  por  Marvin. 
S7bis.  Washington,  D.  C,  Department  of  Geology  of  the  Georgetown  University.  > 
Wiechert  de  200  kildgramos. 
Mainka  de  180  kildgramoB. 
Bosch-Omori  de  25  kil6gramo8. 

88.  Cleveland,  Ohio,  Meteorological  and  Seismological  Observatory  of  Saint  Ig- 

natius College,  S.  J. 
Ptodulo  OmorL 
Sism^grafo  el^ctrico. 
P^ndulo  Hengler. 
K9.  Ann  Arbor,  Mich.,  University  of  Michigan. 
P^ndulo  BoBdi. 
Pdndulo  Wiechert 
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40.  San  LulB,  San  Luis  Univ^vity,  Jesuit  Selamologlcal  Service  of  the  Eartii- 

quake  Station. 
Wlechert  de  100  kU^gramoa. 

41.  Rio  de  Janeiro,  Oerro  del  Castillo,  Obeenratorlo  NadonaL 
Bosch-Omorl  de  15  kll6gramo8. 

Wlechert  de  120  kil6grani08. 

42.  Montevideo,  Obeervatorio  NadonaL 
Si8m6grafo  VicentinL 

48.  La  Plata,  Observatorio  Astron6mlco  de  la  Universfdad  NadonaL 
Mlcrosism^grafo  VicentinL 
P^dulos  horlzontales. 

44.  Ghacarita,  Estaddn  Meteorol6glca  de  Bu^ios  Aires. 
Sism6grafp  Milne  (Modelo  de  1904). 

45.  El  Pilar  (Odrdoba),  Oficina  Meteoroli^ca  Argentina. 
P^ndulo  horizontal  Milne. 

IX.  BSD  PBOFUE8TA  DE  K8TACI0NS8  1CA0S0SI8MOL6oI0A8. 

NoTA. — Se  aprovecha  en  lo  posible  las  estadones  actuales  y  se  proponen  mbdi- 
ficadones  a  sns  aparatos  cuando  parece  neeesario. 

A.  E8TACI0NB8  DENTBO  VE  LAS  AmKAB  OBOSINCLINALBS. 

La  cuenca  del  Yukon  parece  muy  estable,  mientras  que  el  suroeste  de  Alaska 
y  el  archipielago  Aleutiano  son  a  lo  menos  peneslsmicos.  Bn  estas  vastas  re- 
giones  poco  pobladas  todavia  y  heladas,  faltan  centros  cientlflcos.  Asf  no  se 
podrft  pensar  en  establecer  varias  estadones  Wlechert,  a  lo  menos  que  sepamos, 
Se  impone  pues  un  p^ndulo  Bosch-Omori  de  100  kil6gramos  que  viglle  toda  la 
regidn.  Pero,  en  cuanto  a^determinar  su  ubicacidn  no  tenemos  adn  fbrmada 
flrmemente  nuestra  opinidn.  Sin  embargo,  puesto  que  dos  cables  llegan  a  Port 
Valdez  (Prince  William  Sound)  es  de  suponer  que  serfs  bien  escogido  este 
punto;  tiene  la  ventaja  de  encontrarse  en  la  proximldad  de  Yakutat  Bay,  un 
Gentro  sismico  de  primera  importanda. 

No  sabemos  si  la  estaddn  de  Sitka  exists  todavia  e  Ignoramos  cu&l  es  el  peso 
del  Bosch-Omori  que  posee.  Puede  ser  tambl^n  que  Juneau  sea  m&B  a  propdsito 
para  una  estaddn  sismoldgica  en  estas  regiones.  Pero,  de  todos  modos 
el  circulo  de  sensibilidad  de  Port  Valdez  intersectar&  el  del  p^ndulo  horizontal 
Milne  instalado  en  Victoria  de  Vancouver. 

Deben  ellminarse  los  Slsmdgrafos  Ewlng  de  Berkeley  y  de  San  Jos6.  Por 
otra  parte  no  conocemos  el  valor  del  Slsmdgrafo  de  la  Cambridge  Sdentific 
Society  instalado  en  Mount  Hamilton  ni  tampoco  el  peso  del  Bosch-Omori  de 
Salt  Lake  City,  de  modo  que  no  podemos  emltir  una  oplnidn  fundada  sobre  d 
estado  actual  de  la  vigilanda  sismoldgica  en  esta  parte  del  taritorio  norte- 
americano,  costas  del  Padflco,  depresidn  del  Utah  y  vertientes  orlentales  dd 
madzo  de  las  Montafias  Rocosas. 

Si  los  sismdlogos  dd  Congreso  partidpasen  de  nuestra  preferaida  respecto 
al  Wlechert  de  180  a  200  kildgramos,  entonces  con  d  objeto  de  evitar  la  inter- 
venddn  de  la  estaddn  canadiense  de  Victoria,  se  impondrfa  la  instaladdn  de 
p^ndulos  de  este  modelo  en  Portland  o  Salem,  en  una  de  las  5  estadones  actuales 
de  las  cercanfas  de  San  Frandsco,  y  adem&s  en  Los  Angdes,  Virginia  City, 
Boise  City  o  Hdena,  Santa  F6  o  Albuquerque. 

Con  tener  Mteico  solo  un  Bosdi-Omorl  de  15  klldgramos  en  d  observatorio 
de  Tacubaya,  puede  decirse  que  falta  por  completo  la  organizaddn  necesaria, 
pues  no  se  ha  ejecutado  todavia  el  plan  decretado  en  abrll  de  1906  a  lnstlgad6n 
dd  Instituto  geol6glco.    Dentro  de  este  plan  tan  grandioso  que  lo  tenemos  por 
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irrealizable  y  de  las  52  estaciones  de  tercer  orden,  presupuestas  cada  una  con 
an  Wiechert  de  200  kll^gramos,  conservaremos  solo  las  que  son  necesarias  para 
la  organlzacl6n  panamericana,  es  decir  las  de  Guaymas,  Monterrey,  Guadalajara 
y  Tehaant^;)ec  o  tal  vez  mejor  Puerto  Salina  Cruz.  Una  estacidn  en  la  Capital 
no  se  proyecta  porque  no  es  un  centro  sfsmico  proplamente  dlcho.  Adem&s  es 
indtll  ylgllar  Yucatftn  donde  no  tlembla  nunca.  * 

Un  Wiechert  de  180  kll^gramos  en  T^^acigalpa  bastaria  para  las  dnco 
repdbllcas  de  Centro-Am^lca,  pero  no  seria  16glco  Instalar  una  estaddn  sls- 
mol6glca  predsamente  en  Honduras,  o  sea  en  la  que  tlene  un  suelo  m&a  firme. 
Adem&s  parece  probable  que  una  organlzacl6n  comtin  tropezarla  con  dlficultades 
puramente  pollticas.  Bn  fin  ser&  suflciente  se  doten  las  estaciones  actuales 
de  Guatemala,  San  Salvador  y  San  Jos^  de  p^dulos  Wiechert  de  180  kll6gramos, 
dlcho  esto  porque  Ignoramos  el  peso  de  los  aparatos  ahora  Instalados  en  Guate- 
mala y  Costa  Blca  y  en  el  concepto  de  que  no  aceptamos  el  Bwlng  de  San 
Salvador. 

Lo  mlsmo  que  en  Centro-AmMca  se  tropezar&  para  las  Antlllas  con  obst&culos 
politlcos,  porque,  trat&ndose  de  una  organlzacl6n  llamada  panamerlcana,  no 
serfa  16glco  partldpen  en  ella  los  goblernos  europeos  Interesados  por  sus  colonlas 
y  tal  vez  esos  goblernos  no  aceptartan  f&cllmente  entrar  en  ella.  Asl  se  ellmlna 
la  estacl6n  de  La  Martinlca,  si  por  acaso  slgue  fundonando,  lo  que  Ignoramos. 
La  estad^n  de  Trinidad  de  Cuba  con  su  p^ndulo  Milne  puede  conservarse. 
En  cuanto  a  la  estaci6n  de  Yiequez  bastar&  que  se  la  dote  de  un  Wiechert  de 
180  kll^gramos,  si  por  acaso  su  actual  Bosch-Omori  es  de  los  modelos  pequefios, 
lo  que  no  sabemos. 

Las  Antlllas  pequefias  y  Venezuela  oriental  se  vigilarftn  muy  bien  por  medio 
de  un  Wiechert  de  180  kildgramos  en  Cumand,  o  meJor  en  Cartipano.  Maracaibo, 
con  un  Wiechert  de  180  kil6gramos,  completar&  la  vigilanda  del  resto  de 
Venezuela. 

Siendo  probable  que  Colombia  no  aceptarla  ser  tributarla  del  Bosch-Omori 
de  100  kll6gramos  Instalado  en  Anc6n,  Panam&,  ser&  necesario  se  coloque  un 
Wiechert  de  180  kil6gramos  en  Santa  F^  de  Bogota. 

A  las  Antlllas  corresponde  en  el  Pacffico  el  archlpi^lago  de  las  islas  Gala- 
pagos. Su  orlgen  es  volcdnico.  Por  ambos  motivos  es  necesario  se  establezca 
en  ^  una  e6tad6n  Wiechert  de  180  kildgramos,  siendo  probable  que  se  la  podrd 
confiar  al  personal  del  presidio  ecuatoriano.  La  colocamos  en  la  isla  mayor,  o 
sea  la  de  Albemarle,  por  ignorar  en  cual  isla  se  encuentra  la  poblad6n  m&s  a 
propOsito. 

El  Agamennone  de  200  klldgramos  de  Quito  nos  parece  sufldente  para  el 
Ecuador  interandlna 

No  se  ha  comprobado  todavfa  de  una  manera  absoluta  que  las  cadenas 
de  montafias  de  gran  masa  y  alto  relieve  dificultan  y  atentian  notablemente 
la  propagad6n  del  movimiento  sismico.  Empero  siendo  necesario  tener  en 
cuenta  la  posibllidad  del  hecho,  aconsejamos  la  lnstalaci6n  de  p^dulos 
Wiechert  de  180  kil6gramos  en  Baud6  (Cauca)  y  en  Puerto  Vlejo  de  Manta 
(Manabi).  Asl  se  vigilar&n  bien  las  costas  colombianas  y  ecuatorianas  del 
Pacffico,  cuyas  condidones  slsmoldgicas  hasta  entonces  completamente  desco- 
noddas  han  sldo  reveladas  por  el  terremoto  destructor  del  81  de  enero  de 
1906. 

El  horizontal  Milne  de  Lima  no  vigila  bien  el  norte  del  Pert!  ni  las  pendientes 
amaz6nlcas  del  mlsmo  pals.  Aconsejamos  pues  la  instaladto  de  un  Wiechert 
de  180  kll6gramos  en  Moyabamba  o  Chachapoyas. 

Toda  Bolivia  estk  en  buenas  condidones  de  vigilanda  sismoldgica  por  medio 
de  la  estaddn  de  La  Paz.  En  cuanto  a  las  obeervadonee  macrosismlcas 
directas  de  Bolivia,  tememos  que,  por  la  escasez  de  centros  importantes,  se 
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tropleoe  cod  grandes  diflcoltades.  Para  salTarlaa  proponemos  se  Install 
p^Ddnlos  Boedi-Omori  de  5  o  de  10  kUdgramoe  en  Cochabamba,  Santa  Onaz 
de  la  Sierra,  Sucre  (Ghoquisaca)  o  Potoaf,  Tiq>iza  y  Tariia.  Si  exiate 
efectivamente  la  dificoltad  antes  alndida,  no  vemoe  c6mo  de  otra  manara 
podrfan  descubrirse  los  pormenorea  de  la  repartici6n  sismica  en  Bolivia. 

Bs  poaible  que  Perd  no  acepte  aer  tribntario  de  este  pais  y  es  derto  qoe 
no  admitir&  serlo  de  Chile,  de  nK>do  que  siendo  mal  vigilado  el  snr  de  aquel 
pais  por  el  siamdgrafo  de  Lima,  ae  deduce  la  neeesidad  de  una  estaci^n  en 
Arequipa.  P<w  este  motivo  seria  mny  deseable  que,  en  el  Harvard  Arequipa 
Observatory,  se  sostitnya  nn  Wiediert  de  180  kildgramos  al  sismoBCopio  qae 
fnndona  por  abora. 

Chile  no  tiene  nada  que  rambiar  en  sa  actual  organixaddn.  Notaremos 
solamente  que  hemos  deddido  no  instalar  el  Wiediert  de  Pnnta  Arenas  porque, 
asi  como  aegdn  lo  que  hasta  hoy  sabemos,  no  tiembla  casi  nonca  en  los  terri- 
torlos  magalULnicos  sean  chilenos,  o  argentinos. 

Las  estadones  actoales  de  Mendoaa  y  de  San  Joan  vigilan  las  poidientes 
andinas  de  Argentina,  p^o  en  oondidooes  cuyo  grado  de  predslto  ignoramos. 
Por  otra  parte  debanos  presdndlr  dd  ptodnlo  horioontal  Milne  instalado 
en  El  Pilar  (C6rdoba)  porque  no  conoc^nos  sa  peso,  es  dedr,  sa  radio  de 
sensibilidad  y  tambi^n  porqoe  las  observadones  correq;x>ndientes  que  tenemos 
a  la  vista  no  mendonan  el  registro  de  ningdn  macrosismo  desde  varios  afios. 
AdemAs,  de  las  escaaas  publicadones  de  MoMloia  y  de  San  Jaan,  de  coyos 
aparatos  ign<uramos  el  radio  de  sensibilidad,  se  deduce  que  la  actual  vigilancia 
de  la  regi6n  sismica  comprendida  entre  San  Carlos  y  Jujuy  u  Or&n,  casi  no 
eziste.  Teniendo  en  cuenta  tambi^n  la  posibilidad  de  que  los  temblores 
argentinos  se  at^A^en  notablemente  al  encontrar  su  propagaddn  hada  Chile 
el  obstAculo  de  la  Cordillera  y  suponiendo  que  Argentina  no  ac^tase  depender 
de  este  pais  respecto  a  obs^vadones  sismol6gicas,  se  impone  la  instaladdn 
de  ptodulos  Wiechart  de  180  kil6gramos  en  Mendoza  y  en  Tucum^uL 

Es  posible,  no  diremos  probable  en  el  estado  actual  de  nuestros  conodmien- 
tos,  que  exista  una  region  sismica  de  pequefia  extension  en  el  Chaca  Su 
vigilancia  podrd  confiarse  al  Paraguay,  bastando  para  esto  un  Wiechert  de 
180  kildgramos  en  C(»icepci6n  o  San  Salvador. 

B.  BSTACI0NE8  FUSBA  DB  IAS  ABEAS  GB08INCLINAIS8. 

Las  condidones  asismicas  bien  comprobadas  de  las  tierras  &rticas  de  AmMca 
y  de  la  mayor  parte  dd  "Boudier''  canadiense  (New  Foundland,  Labrador, 
Bahla  de  Hudson  y  Cuenca  del  Mackenzie)  permiten  se  ahorren  estadones 
sismoldgicas  en  estos  vastos  territorios  y  se  presdnda  de  la  estadto  temporal 
instalada  en  la  isla  de  Disko  por  la  Asociad6n  Int^nacional  de  Sismologisu 
No  nos  interesa  tampoco  la  estad6n  de  Reykiavik,  porque  Islandia  no  puede 
considerarse  como  una  tierra  americana. 

El  bajo  San  Lorenzo  (Canadd)  y  los  estados  de  la  Nueva  Inglaterra  con- 
stituyen  una  regidn  peneslsmica.  En  la  vasta  &rea  correqK>ndiente  existen  10 
estadones  provistas  de  varios  aparatos.  Opinamos  que  tocarA  al  congreso  de 
Washington  determinar  las  que  deber&n  utilizarse  para  la  vigilanda  sismo- 
Idgica  panamericana.  Sin  embargo,  creemos  conveniente  se  instale  on  Wiechert 
de  180  kildgramos  en  Charleston  para  vlgilar  mejor  la  regidn  sismica  corres- 
pondiente  y  la  parte  sur  de  los  Alleghanys. 

Ignorando  cual  es  el  peso,  6  sea  d  radio  de  sensibilidad  de  los  aparatos  que 
fundonan  en  Ann-Arbor,  no  sabemos  si  la  peninsula  de  Keeweaiaw  esti  por 
ah<N:a  sufldratemente  vigilada.  Si  no  fuera  asi,  se  impondria  on  Wiechert  de 
180  kll6gramoa  en  esta  Universldad. 
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El  Wiechert  de  100  kil6grainos  de  la  Universidad  de  San  Luis  es  snflciente 
para  la  regi6n  slsmlca  de  New-Madrid.  Pero  no  basta  en  cnanto  se  trata  de 
las  regiones  penesfsmicas  de  las  montafias  del  Ozark,  del  Ohio  y  del  Tennessee. 
Si  no  se  instala  nn  Bosch-Omori  de  100  kil6gramos  en  San  Luis,  aconsejamos 
se  establezcan  p^ndulos  Wiechert  de  180  kil6gramos  en  Little  Rock,  Nashville  y 
Cincinnati,  complet&ndose  esta  vigilancia  por  medio  de  la  actual  estaci6n  de 
Cleveland,  a  pesar  de  que  ignoramos  el  radio  de  sensibilidad  de  sus  aparatos. 

El  resto  del  territorio  norteamericano  no  necesita  otras  estaciones. 

No  serfa  raro  que  exista  alguna  region  penesfsmica  en  el  alto  Orinoco,  o  sea 
en  las  cercanfas  de  la  Sierra  de  Parima,  a  lo  menos  lo  dejan  sospechar  algunas 
observaciones  antiguas.  Por  este  motivo  proponemos  un  p^ndulo  Wiechert  de 
180  kil6gramos  en  Esmeralda  si,  por  acaso,  es  posible  su  instalaci6n. 

Existe  en  las  Guayanas  una  region  penesfsmica  de  poca  importancia.  Un 
Wiechert  de  180  kil6gramos  en  Paramaribo  bastarfa  para  la  vigilancia  re- 
querida.  Dejamos'  al  criterio  del  Congreso  la  soluci6n  del  problema  porque 
serfa  necesaria  la  intromisi6n  de  tres  pafses  europeos,  Inglaterra,  Holanda  y 
Francia. 

Por  el  momento  no  creemos  sea  posible  se  vigilen  los  vastos  territorios 
amaz5nicos  cuya  asismicidad  es  casi  cierta.  Sin  embargo  serfa  tal  vez  con- 
veniente  se  instale  un  Bosch-Omori  de  100  kil6gramos  en  Manaos. 

Se  sospecha  la  existencla  de  una  region  penesfsmica  en  Matto  Grosso.  No 
serfa  inoportuno  instalar  un  Wiechert  de  180  kil6gramos  en  Diamantina  o  en 
Cuyaba. 

La  regi6n  sfsmica  de  Bom  Successo  impone  la  necesidad  de  un  Wiechert  de 
180  kil6gramos  en  el  centro  de  estas  minas. 

Puede  ser  que  se  crea  m&s  pr&ctico  sustituir  a  los  Wiechert  de  Diamantina 
o  Cuyaba  y  de  Bom  Successo,  un  Bosch-Omori  de  100  kil6gramos  en  Goyaz. 
No  tenemos  opini6n  deflnida  al  respecto. 

Ix>s  actuales  aparatos  de  Rfo  Janeiro  aseguran  suficientemente  la  vigilancia 
de  la  comarca,  y  en  cuanto  al  resto  del  Brasil,  pensamos  que  nada  debe  hacerse 
hasta  que  se  manifieste  algtin  centro  sfsmico,  lo  que  consideramos  improbable. 

Las  estaciones  de  Montevideo,  La  Plata  y  Chacarita  no  corresponden  a  una 
verdadera  necesidad  en  cuanto  se  trate  de  observer  macrosismos,  porque  son 
rarfsimos  en  estos  parajes,  lo  mismo  que  m&s  al  sur  hasta  el  Cabo  de  Homos. 

Las  observaciones  sismol6gicas  hechas  por  la  expedici6n  Charcot  en  la  Isla 
Decepci6n  demuestran  la  asismicidad  de  lo  que  podrfa  llamarse  la  porcl6n 
americana  de  la  Ant&rtida.  Sin  embargo,  dada  la  brevedad  del  tiempo  que 
duraron,  no  serfa  inoportuno  que  la  oficina  meteorol6gica  argentina  instalaae 
un  Bosch-Omori  en  su  estaci6n  permanente  de  las  Orcadas  del  Sur. 

X.  USTA  DE  LAS  KSTACI0NE8  NT7KVAS  O  KVBNTUALES. 

De  la  forma  dubitativa  en  que  nos  hemos  expresado  varias  veces  en  el  artfculo 
anterior,  se  deduce  la  obligaci6n  de  denominar  eventuales  las  estaciones  nuevas 
que  proyectamos.    Su  lista  va  a  continuadon. 

A.  K8TACI0NS8  DBNTRO  DB  LAS  AmKAB  GBOSINCLINALBS. 

40.  Port  Yaldez. 

47.  Portland  o  Salem. 

48.  Helena. 
48.  Boise  City. 
50.  Virginia  City. 
61.  Los  Angeles. 
52.  Guaymas. 
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68.  Guadalajara. 

54.  Tehuantepec  o  Salina  Gniz. 

05.  Cartipano  o  CumanA. 

56.  Maracaibo. 

57.  Baud6. 

58.  Santa  F4  de  Bogota. 
50.  Puerto  Yiejo  o  Bianta. 

00.  Chachapoyas  o  Moyabamba. 

61.  Arequipa. 

62.  Cochabamba. 

63.  Santa  Cruz  de  la  Sierra. 

64.  Sucre  (Chuquisaca)  o  Potoctf. 

65.  Tarija. 

66.  Tuplza. 

67.  Tucum&n.  * 

B.  ESTACIONES  FUKRA  I»  LAS  AmKAB  GBOSINGLIN AIX8. 

68.  Charleston. 
60.  Nashville. 

70.  Little  Rock. 

71.  Santa  F^  o  Albuquerque. 

72.  Monterrey. 

7a  Isla  Albemarle  (CkUApagos). 

74.  Bsmeralda. 

75.  Paramaribo. 

76.  Manaos. 

77.  Cear&  o  Aracaty. 

78.  Diamantina  o  Cuyaba. 
70.  Goyaz. 

80.  Bom  Successo. 

81.  San  Salvador  o  Concepci6n. 

82.  Orcadas  Meridionales. 

XI.  publicaci6n  dk  las  obsebvaciones  naciohalxs. 

Cada  pais  establecer&  una  oficina  central  sismoMgica  encargada  de  centrallzar 
las  observadones  nacionales  y  de  publlcarlas  en  un  boletf  n  anuaL  Oplnamos  que  la 
mejor  forma  es  la  del  Boletfn  de  la  Sociedad  Sismoli^ca  Italiana ;  pero,  t^iemos 
por  absolutamente  necesario  se  la  complete  por  medio  de  los  cartogramas  de 
los  temblores,  cuya  drea  de  sacudimiento  sensible  pasa  de  200  kil6metros,  an 
punto  importantfsimo. 

Tedricamente  hablando,  d^>erfa  publicarse  en  cada  afio  el  Boletfn  de  las 
observadones  del  afio  anterior.  A  oonaecuenda  de  varias  drcunstandas,  la 
prdctica  demuestra  que  este  plazo  es  demasiado  corto  y  que  es  necesario  sea 
de  dos  afios,  siendo  mejor  se  alargue  para  poder  exigir  su  cumplimlento. 

Zn.  FUBLICACldN  DK  UN  BB8UMEN  GENEBAL  DE  LAS  OBSEBVACIOnSs  NACIONALES. 

Se  Impone  la  publlcad6n  de  un  resumen  general  y  comdn  de  las  observadones 

nacionales,  y  esto  con  tanta  mayor  fuerza,  cuanto  que  en  numerosos  casos,  los 

boletlpes  particulares  no  contendrdn  el  conjunto  de  las  observadones  relatlvas 

.  a  un  mismo  temblor,  cada  vez  que  su  drea  de  sacudimiento  sensible  haya  tras- 

pasado  las  fronteras  de  pafses  limRrofes. 
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Pensamos  que  no  serd  diflcil  encontrar  alguna  grande  y  rica  Unlversldad 
que  86  encargue  de  esta  pabllcaci^n  y  hasta  acepte  costearla.  Nos  permltimos 
hacer  la  indicacl<}n  que  la  "  Seismological  Society  of  America"  redacte  este 
resumen  y  que,  por  consiguiente,  la  costee  la  Leland  Stanford  University, 
si  por  acaso  no  se  obtuviesen  f&cilmente  las  cuotas  de  todos  los  Estados. 

Xm.    NSOBSIDAD    DE    UNA    LBGISLA0I6n    DK    EDUJDAD   ANTISlSKICA    EN    TOOOS    LOS 
PAfSES   DE   SX7EL0   INESTABLB  DE  AMERICA 

En  lo  que  nos  toca«  tendremos  por  muy  deficiente  la  obra  del  Congreso 
de- Washington  en  cuanto  se  trate  de  Sismologfa,  si  despu^  de  haber  organi- 
sado  la  vigllancia  sismica  de  las  tierras  amerlcanas,  no  intents  implantar 
en  todos  los  pafses  de  suelo  inestable  del  Nuevo  Mundo  una  legislaci^n  de 
defensa  contra  los  terremotos.  Todos  los  sism61ogos  sabemos  que  ahora  el 
problema  t^nico  de  las  construcciones  asfsmicas  est&  resuelto  por  completo. 
Pensamos,  pues  que  la  rutina  es  el  principal  obstAculo  que  hasta  la  fecha  ha 
impedido  a  pueblos  amenazados  constantemente  por  el  peligro  sismico  defenderse 
eficazmente  contra  41.  Si,  a  pesar  de  nuestros  esfuerzos,  no  hemes  Ipgrado 
obtener  que  en  Chile  se  edicte  un  reglamento  de  edilidad  antisfsmica,  a  lo 
menos  abrigamos  la  esperanza  de  que  una  autoridad  m&s  fundada  como  la 
del  Ck>ngreso  de  Washington,  pueda  convencer  A  los  paises  interesados  de  que 
se  trata  de  una  necesidad  humanitaria  muy  imperiosa. 

No  serfa  16gico,  ni  ac^table,  que  una  comisi<}n  SismoKigica  del  Ck>ngreso 
presdnda  del  problema. 

ZIV.  ANEZa      INSTBU00I0NB8  PBACTIGAS  DEL  SEBVICIO  SISM0L6GI00  DE  CHILB. 

Las  instrucciones  del  Servlcio  Sismol6gico  presentan  algunas  particulari- 
dades  y  si  no  creemos  que  deberfan  servir  de  modelo,  a  lo  menos  podemos 
afirmar  que  son  realmente  prdcticas.  Por  estos  motives  las  presentamos 
al  Ongreso. 

Llamarft  la  atenci6n  la  supresi6n  de  las  observaciones  relativas  a  la  dlrec- 
ci6n  de  un  temblor.  Como  otros  varies  sismdlogos,  creemos  que  se  trata  de 
una  impresi^n  puramente  subjetiva  de  los  -sentidos  del  hombre.  Ora  en 
casa,  ora  en  campo  abierto,  depende  principalmente  de  la  orientaci6n  de  las 
murallas  maestras  del  edificio  o  de  los  estratos  del  subsuelo.  Asf  resulta 
ilusorio  apuntar  un  date  que  en  realidad  no  tiene  relaci^n  alguna  con  el 
fen6meno  sismico.  Deberfa  reemplazarse  por  la  elongaci6n  m&zima  de  cada 
temblor,  pero  es  tete  un  elemento  que  puede  determinarse  a6\o  por  los  sis- 
mogramas. 

IN8TST700IONBS  PRACTICAS  DEL  SEBVICIO  SISM0L60I00  DE  CHILE  PABA  LA  OBSEBVA- 

ci6n  de  los  tbmblobes. 

Artioulo  I,  Cuadro  menauiU. 

Cada  primer  dfa  del  mes,  los  observadores  mandar&n  el  cuadro  del  mes 
precedente,  a  la  oficina  central  del  Servlcio  Sismol6gico.  Har&n  esto,  aunque 
no  hayan  sentido  temblor  alguno. 

Los  observadores  apuntar&n  cada  temblor  en  el  cuadro  mensual  inmediata- 
mente  despu^  de  que  se  ha  producido. 

Art,  II,  Hora  de  un  temhlor. 

No  se  olvidarft  la  menci6n  A.  M.  (de  media  noche  a  medio  dfa)  o  la  de  P.  M. 
(de  mediodfa  a  media  noche.) 

Si  los  observadores  tienen  la  costumbre  de  arreglar  frecuentemente  su  reloj 
por  el  del  ferrocarril  o  del  tel^grafo,  lo  indicar&n  expKcitamente  en  su  cuadro 
mensuaL 


Digitized  by  VjOOQIC 


668       FBOOEEDIKQS  SBOOKD  PAK  AMEBICAK  SCJJSKlUriO  GOHCmBBS. 

Art,  III.  Duraoi&n  de  an  teniblar. 

Se  expresarA  en  segundos  s61o  en  el  caso  de  que  el  obeerrador  la  haya 
medldo,  desde  el  principio  hasta  el  fin  del  movlmlento  sensible  del  temblor, 
relo]  en  mano,  con  el  segnndero  de  sa  rtioj. 

Art.  rv.  Direccidn  de  an  temblor. 
No  se  indicard  nonca. 

Art.  V.  Intemidad  de  itn  temblor. 

No  se  Indicard  nunca,  porqne  se  determinarA  en  la  oflclna  central  por  medio 
de  las  anotaciones  de  que  se  trata  en  el  artfcnlo  VIII. 

Se  prohiben  las  expresiones  d^il,  fnerte,  regular,  etc 

Art.  VI.  Fem6meno9  partiouiaree. 

Si  por  acaso,  con  ocasi6n  de  un  temblor  se  produce  algun  fen6meno  especial 
que  habrA  llamado  la  atencidn  del  Obserrador,  tete  lo  apuntarft«  pero  con 
especial  culdado  de  describirlo  con  toda  predsidn. 

Si  n6  lo  presenci6  personalmente,  dejarft  constanda  del  hecho. 

Anotard  cuidadosamente  si  se  produjo  con  anticipaci6n,  en  coincidenda 
exacta  o  con  atraso  respecto  al  temblor,  pero  en  todo  caso  indicard  exactamenta 
el  tiempo  que  habrd  trascurrido  ^itre  ambos  fen<}menos,  antes  o  despute  del 
temblor. 

Art.  VII.  DescripcMn  de  un  temblor. 

En  la  mayorfa  de  los  casos,  bastard  que  la  hora  del  fen6maio  vaya  acom- 
pafiada  de  las  letras  de  acuerdo  con  el  cuadro  de  anotaci6n  que  va  adjunto. 

Art.  VIII.  Otras  informaoUmes. 

Es  un  deber  imprescindlble  de  los  observadwes,  interrogar  a  sus  vednos  y 
relaciones  con  el  objeto  de  controlar  completar  sus  propias  impresiones. 

Art.  IX.  Ob$ervadore9  impoHbtUtados. 

Si  por  un  motivo  u  otro,  un  observador  se  encuentra  imposibllltado  para 
cumplir  con  sus  obligadones  (enfermedad,  licenda,  yacadones),  le  toca  en- 
cargar  las  observadones  a  otra  persona  que  escogerd  a  su  Juicio. 

Si  se  prolongara  Indebidamente  esta  situad^n,  se  avisard  a  la  Oflclna 
OentraL 

Art.  X.  EstaoioneM  proviitas  de  aparatOM. 

Los  observadores  de  las  estadones  provistas  de  un  sism6grafo  suministrardn 
el  cuadro  mensual  de  los  temblores  como  los  demds. 

Los  observadores  de  las  estadones  provistas  de  un  sismoscopio  suministrardn 
el  cuadro  mensual  tambi^,  y,  ademds,  un  cuadro  espedal  de  los  movimientos 
del  aparato. 

0B8KBVA0I0NS8  DK  T7N  TEMBLOR. 

AnotaoUmet. 

A.  Sentido  s6lo  por  algunas  personas  en  repoeo  en  los  pisos  supericn^s  de  laa 
casas. 

B.  Sentido  s6lo  por  una  parte  de  la  poblad6n. 

C.  Algunas  personas  dudaron  se  tratase  de  un  temblor. 

D.  Sentido  por  la  mayorfa  de  las  personas  adentro  de  las  casas  y  por  ftig^nm 
afuera. 


Digitized  by  VjOOQIC 


ASTRONOMY,  METEOBOLOGY,  AND  SEISMOLOGY.  659 

B.  Estremecimiento  de  los  trastos,  utensllios  de  coclna,  lozas,  objetos  livianos. 

P.  Crujimiento  de  los  cielos,  techumbres  y  paredes  de  carplnterfa. 

G.  Pequefio  balanceo  de  los  objetos  colgados,  l&mparas,  espejos,  cuadros. 

H.  Las  personas  dormidas  despertaroD. 

I.  Sentldo  por  todas  las  personas  de  adentro  de  las  casas  y  la  may  or  fa  de  las 
de  afuera. 

J.  Algunas  pocas  personas  atemorizadas  huyen  afuera. 

K.  Las  campanulas  de  casa  tocan. 

L.  Ampllas  oscilaciones  de  los  objetos  colgados. 

M.  Parada  de  relojes. 

N.  Sentido  por  todos. 

O.  Muchas  personas  atemorizadas  huyen  afuera. 

P.  Cafda  de  objetos  livianos  colocados  sobre  mesas  o  estantes. 

Q.  Cafda  parcial  de  reboques  y  tejas. 

R.  Suenan  las  campanas,  por  ejemplo  de  las  Igleslas. 

S.  Murallas  viejas  o  en  mal  estado  se  agrietan  parcialmente. 

T.  Predominan  los  sacudimientos  vertlcales  o  sea  vibraciones. 

U.  Predomina  el  movim lento  oscilatorio  del  suelo. 

V.  El  temblor  fu^  s61o  de  ondulaclones  muy  lentas  y  largas. 

W.  Con  ruido.    Su  naturaleza. 

X.  Sin  ruldo. 

Y.  Manifestadones  por  parte  de  los  animales.    Se  detallardn. 

NoTA. — ^Bn  la  mayorfa  de  los  casos,  no  serA  necesarlo  apuntar  todas  las  letras 
relatlvas  a  las  observaciones  hechas,  pero  sf  la  letra  mAs  adelantada  en  la  lista, 
puesto  que,  por  ejemplo,  si  hubo  cafda  de  tejas  (Q),  todos  los  efectos  anterlores 
se  habrdn  producido. 

En  esto,  los  observadores  deberAn  obrar  con  atencidn  y  criterio. 

Sin  embargo,  las  letras  T  o  U  deberdn  emplearse  en  la  mayorfa  de  los  casos ; 
lo  mismo  que  las  letras  W  o  X. 


FOG  FORECASTING  IN  THE  UNITED  STATES. 

By  H.  C.  FRANKBNFIELD, 
Professor  of  Meteorology  ,  U.  S,  Weather  Bureau,  Washington,  D.  C, 

FOREWORD. 

^og  may  be  defined  as  a  surface  cloud,  and  is  caused  (1)  by  the  mixing  of  two 
bodies  of  air  of  unequal  temperatures,  one  or  both  of  which  has  a  high  vapor 
content,  and  (2)  by  the  cooling  of  a  body  of  moist,  free  air  to  a  temperature 
lower  than  its  dew  point.  During  nighttime  in  warm  seasons  fog  may  form  over 
lakes  and  rivers  by  the  continued  evaporation  of  the  warm  water  even  though 
the  cool,  overlying  air  is  saturated.  Its  character,  distribution,  and  extent,  de- 
pend, of  course,  upon  the  character,  distribution,  and  intensity  of  the  contribu- 
tory physical  causes,  and  it  is  proposed  here  to  discuss  these  physical  conditions 
as  they  appear  on  the  weather  charts  with  a  view  to  forecasting  the  fogs  on  the 
ocean  and  Gulf  coasts  and  on  the  Great  Lakes,  where  they  constitute  a  frequent 
and  dangerous  menace  to  navigation.  Fogs  in  river  valleys  and  on  small  lakes 
will  not  be  considered,  as  they  are  more  local  in  character,  usually  appearing 
during  the  night  as  a  consequence  of  radiation  of  heat,  and  disappearing  within 
a  few  hours  after  sunrise,  and  on  the  navigable  rivers  they  cause  nothing 
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more  than  a  little  delay  and  inconvenience,  as  river  craft  tie  np  during  tbe 
prevalence-  of  fog. 

Naturally  fogs  will  be  most  prevalent  along  the  shores  of  lakes  and  oceans, 
over  rivers,  and  at  times  over  such  definite  areas  of  the  oceans  as  are  near  the 
boundaries  of  counter  currents  of  different  temperatures. 

ULKSBBOIOlf. 

Seasonal  diitributUm  of  fog. — Over  the  u^ier  lakes,  as  a  whole,  February  is 
the  month  of  greatest  fog  frequency,  while  not  far  behind  are  January,  June, 
and  December,  and  about  alike  with  respect  to  the  number  of  foggy  days.  Over 
Lake  Superior  and  northern  Lake  Michigan  the  seasonal  distribution  is  not  so 
well  detined.  The  months  of  least  frequency  are  July  and  August  The  northern 
portion  of  the  u];^>er  lake  region  is  much  less  subject  to  fog  than  the  southern 
portion,  the  ratio  being  about  1  to  6.  The  reason  for  this  marked  difference  lies 
partly  in  the  lesser  frequency  of  sharp  temperature  contrasts  over  the  northern 
sections,  owing  to  the  comparatively  greater  extent  of  water  surface,  but  it 
mainly  due  to  the  fact  tliat,  as  a  rule,  neither  the  high  nor  the  low  areas  are 
to  the  northward  of  Lake  Superior,  and  that  the  winds  do  not  blow  over  the 
water  surfaces. 

February  is  also  the  month  of  greatest  fog  frequency  over  the  lower  lakes,  the 
superiority  being  much  more  marked  than  over  the  upper  lakes,  liarch  Is 
second,  closely  followed  by  January,  April,  and  November.  As  on  the  upper 
lakes  the  months  of  least  frequency  are  July  and  August  Of  the  two  lower 
lakes,  Erie  has  about  two  dense  fogs  to  one  fur  Lake  Ontario,  the  difference 
prol)ab!y  being  due  to  the  difference  in  extent  of  water  surface  covered  by 
easterly  winds. 

The  most  marked  difference  between  the  upper  and  the  lower  lakes  with 
respect  to  monthly  fog  distribution  was  noticed  during  the  month  of  June.  On 
the  upper  lakes  fogs  were  about  as  frequent  in  June  as  in  January  and  De- 
cember, while  on  tlie  lower  lakes  they  were  less  frequent  in  June  than  in  any 
other  months  except  July,  August,  and  October. 

CONDITIONS  FAVOBABLB  VOB  TOO  FOBMATION. 

Upper  lakes, — On  the  upper  lakes  fogs  are  usually  preceded  by — 

1.  Low  pressure  on  the  leeward  side  of  the  lakes  and  relatively  hi^  pres- 
sure on  the  windward  side,  with  a  weak  gradient,  not  greater  than  0.10  inch 
to  100  miles,  and  usually  less,  averaging,  perhaps,  about  0.10  inch  to  250  miles. 
The  gradient  is  usually  least  with  southeast  winds. 

Quite  often  the  isobars  on  the  weather  chart  will  be  irregular  in  shape, 
with  a  gradient  of  about  0.10  inch  to  150  to  200  miles,  the  isobars  curving  away 
from  each  other,  leaving  an  open  space  between,  sometimes  several  hundred 
miles  in  diameter.  This  distribution  is  also  a  perfect  rain  type  for  the  open 
section.  Frequently  with  this  formation  there  will  also  be  observed  a  north- 
ward looping  of  the  isotherms,  similar  to  that  observed  before  thunderstorms, 
Indicating  an  unstable  temperature  distribution,  which,  however,  does  not 
appear  to  be  an  essential  condition  for  fog  formation. 

The  height  of  the  barometer  is  not  important,  and  at  Chicago  dense  fog 
has  occurred  with  pressure  as  high  as  30.8  inches  and  as  low  as  29.25  inches. 
In  summer  the  pressure  is  usually  low,  for  with  higher  pressure  the  sharper 
temperature  contrasts  between  the  water  and  the  land  cause  stronger  winds, 
thereby  preventing  the  formation  of  fog. 

2.  Temperature  differences,  more  or  less  marked,  between  the  water  and 
land  surfaces.    The  water  temperatures  w^e  the  lower  In  about  two-thirds 
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of  the  fog  periods  without  regard  to  tlie  season  of  the  year,  although  some  gen- 
eral temlencies  toward  higher  lake  temperatures  were  noticed  over  the  south- 
western section  during  May  and  Noveml)er. 

3.  Relative  humidity  above  normal,  averaging  above  90  per  cent,  although 
lower  in  quite  a  fair  percentage  of  the  cases  observed  (only  52  per  cent  at 
Chicago  preceding  the  local  fog  of  Sept.  10,  1888).  These  high  humidities  also 
prevail  for  a  considerable  distance  inland  in  the  direction  of  the  low  areas. 
Low  humidity  fogs  are  very  local. 

4.  The  occurrence  of  precipitation  from  24  to  86  hours  previous  to  the  fog, 
usually  to  the  westward  and  southwestward  of  the  lakes,  toward  the  low 
areas,  as  perhaps  only  about  10  per  cent  of  the  lows  are  found  over  Lake 
Superior  or  the  Michignn  Peninsula.  The  precipitation  in  the  lows  generally 
continues  while  the  fogs  prevail  in  the  lake  region,  as  the  surface  tempera- 
tures are  higher  and  the  moisture  content  of  the  air  is  greater  in  the  lows. 
It  is  also  noticed  that  frequently  the  fog  belt  extends  westward  from  the 
lakes  into  the  Mississippi  and  lower  MisM)url  Valleys,  and  at  times  even 
farther  westward  and  southwestward  when  the  temperature  contrasts  are 
not  so  marked.  Quite  often  dense  fog  will  be  observed  at  one  place  in  the 
great  river  valleys  with  rain  falling  at  another  place  near  by. 

5.  Low  wind  velocities,  less  than  15  miles  an  hour,  usually  less  than  10  miles, 
and  about  one-third  of  the  time  less  than  6  miles.  Fogs  with  winds  above  15 
miles  an  hour  have  their  characteristics  very  well  marked,  and  they  occur 
usually  in  the  spring  and  autumn,  with  the  lake  temperatures  almost  invariably 
the  higher.  However,  during  winter  fogs,  with  winds  above  15  miles  an  hour, 
the  lake  temperatures  are  often  the  lower. 

Lower  lakes. — ^The  antecedent  conditions  necessary  for  the  formation  of 
fog  along  the  lower  lakes  are  much  the  same  as  for  the  upper  lakes.  There 
is  noted,  however,  a  tendency  toward  less  fog  over  Lake  Ontario,  particularly 
the  eastern  portion,  than  over  Lake  Erie,  the  deficiency  being  most  marked 
with  southeast  winds,  which,  as  a  rule,  are  not  followed  by  fog  unless  the 
winds  are  quite  warm  (above  40*  in  winter  and  about  50  or  00*  in  summer). 

Notes, — 1.  It  is  noticed  that  the  belt  of  maximum  fog  frequency  extends 
from  about  the  southern  third  of  Lake  Michigan  eastward  to  Lake  St  Clair 
and  extreme  southern  Lake  Huron,  and  thence  over  western  Lake  Erie, 
probably  because  the  conditions  necessary  for  fog  formation  are  more  fre- 
quently and  more  completely  fulfilled  here  than  over  other  portions  of  the 
lake  region,  particularly  with  respect  to  the  location  of  the  high  and  low 
areas,  and  to  the  greater  frequency  and  extent  of  the  temperature  differences. 

2.  A  maximum  of  fog  frequency  occurs  at  C^hlcago,  dense  fog  often  occurring 
at  that  place  with  none  elsewhere  along  the  Lakes.  It  is  doubtless  a  purely 
local  condition  at  such  times,  due  to  an  excess  of  smoke,  and  is  likely  to 
occur,  even  though  the  necessary  antecedent  conditions  are  not  fully  defined. 
These  fogs  are  usually  shallow,  and  at  times  do  not  extend  above  the  tops 
of  high  buildings. 

3.  Fogs  usually  occur  in  the  form  of  a  uniform  covering  like  a  blanket, 
but  at  times,  frequently  on  Lake  Superior,  they  form  in  banks,  or  bands, 
both  along  the  shore  and  over  the  water.  Sometimes  they  form  in  compara- 
tively narrow  bands  over  the  water  with  intervening  areas  of  clear  weather. 
In  this  connection  the  following  extract  from  the  Meteorological  Chart  of  the 
Great  Lakes  for  the  Season  1899  (Henry  and  CJonger)  is  of  interest  and  value: 

It  appears  that  fog  does  not  generally  appear  in  the  blanket  form,  except 
when  areas  of  low  pressure  are  moving  slowly  toward  the  lakes.  The  most 
frequent  formation  reported  is  the  heavy  banks,  which  are  seen  in  their  best 
form  on  Lake  Superior.    These  banks  appear  frequently  on  the  Lakes,  with 
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intervals  of  clear  weather.    Fog  also  appears  in  the  belt  or  band  formation— 
viz,  a  narrow  band  which  extends  for  many  miles  In  length. 

This  formation  is  also  most  frequent  on  Lake  Superior.  One  vessel  will 
run  for  hours  in  the  band  formation,  while  another,  several  miles  distant, 
running  parallel,  will  be  in  clear  weather  and  can  hear  the  fog  whistle  of 
the  steamer  in  the  fog,  and  also  see  the  wall  of  the  fog  bank.  These  forma- 
tions are  most  frequently  reported  during  the  summer  months.  It  has  been 
found  that  the  approach  of  a  low  area  from  the  west  of  Lake  Superi(»'  will 
cause  fog  to  form  over  the  western  end  of  that  lake.  The  fog  appears  to 
move  eastward  in  the  lifting  conditions,  so  that,  as  before  stated,  one 
steamer  will  make  the  run  eastward  on  Lake  Superior  in  fog,  while  one 
following  a  few  hours  later  will  not  encounter  any,  indicating  that  the  fog 
banks  move  steadily  eastward.  Masters  have  reported  that  less  fog  was 
encountered  after  passing  Sable  Point,  Lake  Superior,  on  the  Marquette, 
or  Portage  Entry  route  than  on  the  passage  around  Keweenaw  Point  The 
reports  appear  to  bear  out  this  statement,  in  view  of  the  fact  that  mudi 
less  fog  is  reported  from  Marquette,  or  Portage  Entry,  and  Houghton  than 
from  the  Keweenaw  Point  route.  The  reports  indicate  that  the  most  fog  on 
Lake  Superior  is  encountered  between  Whitefish  Point  and  Keweraaw  Point, 
and  it  is  probable  that  vessel  masters  would  encounter  less  fog  by  taking 
the  Portage  Entry  course  in  preference  to  that  around  Keweenaw  Point. 
This  would  probably  he  the  case  during  the  summar  months,  when  fog  is 
most  frequently  encountered  on  Superior. 

The  foregoing  statement  appears  to  indicate  that  fogs  are  much  more 
prevalent  over  the  waters  of  Lake  Superior  than  along  the  shore,  as  over 
the  latter  section  the  summer  months  are  those  of  least  fog  frequency, 
especially  along  the  extreme  western  shores  of  Lake  Superior. 

ATLANTIC    COAST. 

Fog  frequency. — ^Naturally  fog  will  be  most  frequent  where  the  difl^^icefl 
in  temperature  between  the  land  and  the  water  are  most  persistent,  so  that 
on  the  Atlantic  coast  the  region  of  maximum  frequency  would  be  the  New 
England  coast  The  records  for  the  14  years  from  1900  to  1913,  inclusive, 
indicate  that,  with  a  few  explainable  exceptions,  the  region  of  maximum 
frequency  is  the  eastern  coast  of  Maine,  and  that  there  is  a  steady  decrease 
southward  to  Key  West  Fla.,  where  dense  fogs  are  very  rare. 

The  following  diagram  shows  the  number  of  days  on  which  dense  fog 
occurred  from  1900  to  1913,  inclusive.     (See  p.  663.) 

The  great  excess  at  Nantucket  and  the  smaller  one  at  Block  Island  are  due 
to  the  fact  that  they  are  small  islands,  and  fog  will  therefore  occur  at  any  time 
when  the  winds  are  comparatively  light  nnd  the  temperature  difference  betweoi 
the  land  and  the  water  is  sufficiently  marked.  This  condition  naturally  occurs 
more  frequently  during  the  summer  months. 

The  relatively  small  number  of  foggy  days  at  New  Haven  and  New  York  is 
no  doubt  due  to  the  great  preponderance  of  land  area  as  compared  with  that 
of  the  water,  and  the  fogs  are  least  frequent  in  summer  when  the  mean  land 
and  water  temperatures  do  not  differ  greatly.  The  excess  at  Cape  May  ovei 
Atlantic  City  probably  arises  from  the  fact  that  Cape  May  is  situated  at  the 
end  of  a  narrow  point  of  land  with  water  on  three  sides,  making  the  conditions 
much  similar  to  those  at  Nnntucket  and  Block  Island.  It  should  also  be  noted 
that  the  period  of  mininuim  frequency  is  the  autumn  and  early  winter.  Just  as 
at  Nantucket  and  Block  Island.  An  increasing  tendency  at  Cape  Henry  is 
probably  due  to  the  fact  that  the  topographical  conditions  are  of  the  same 
character,  but  not  so  pronounced,  as  at  Cape  May,  Block  Island  and  Nantucket 
Another  increasing  tendency  at  Charleston  is  somewhat  more  difficult  of  ex- 
planation. There  is  a  preponderance  of  water  surface  in  the  vicinity,  although 
the  bay  forming  Charleston  Harbor  Is  not  of  great  extent.    There  is.  however. 
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water  on  all  sides  of  the  city  except  between  nortli  and  northwest,  and  this 
probably  accounts  for  the  excess  of  foggy  days.  At  Key  West,  while  the  land 
temperatures  are  uniformly  lower,  the  mean  land  and  water  temperatures  are  so 
nearly  alike  that  it  is  usually  impossible  for  fog  to  form.  With  light  winds  and 
high  humidity  fog  will  form  at  times  when  there  is  strong  high  pressure  area 
over  the  central  and  northern  portions  of  the  country  accompanied  by  a  cold 
wave,  bringing  down  cool  winds  from  some  northerly  point,  preferably  the  north- 
east, upon  the  warm  Gulf  waters. 

It  will  be  noticed  that  no  mention  has  been  made  of  dense  fogs  at  Boston. 
There  were  only  125  recorded  during  the  14  years  under  observation,  but  it  is 
almost  certain  that  over  Massachusetts  Bay  and  the  coasts  immediately  adjoin- 
ing the  fogs  were  as  prevalent  as  over  many  other  portions  of  the  New  England 
coast.    Boston  is  more  or  less  sheltered  from  the  open  water  except  in  a  due 
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DiAOEAM  L— Total  number  of  days  with  dense  fog.    Atlantic  coast:  1000  to  1918,  inclnsive. 

itasterly  or  southeasterly  direction,  and  this  probably  accounts  for  the  lesser 
fog  frequency. 

It  appears  that  the  observations  reasonably  justify  the  following  general  pre- 
cepts for  the  Atlantic  coast : 

1.  Fogs  are  most  frequent  where  the  mean  water  temperatures  are  lowest. 

2.  Other  things  being  equal,  fog  frequency  in  any  given  locality  is  proportional 
to  the  differences  in  temperature  between  the  land  and  the  water  surfaces. 

It  must  be  mentioned,  however,  that  these  precepts,  so  far  as  the  Great  Lakes 
are  concerned,  are  not  so  general  in  their  application.  No.  2  is  generally  ap- 
plicable, but  No.  1  not  at  all  so. 

Geographic  distribution  of  fog, — ^As  the  occurrence  of  fog  is  almost  entirely 
a  question  of  pressure  distribution  and  resulting  wind  diroctlon,  It  reasonably 
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follows  that  there  will  be  wide  differences  in  the  duration  and  geographical 
extent  of  fog  belts.  At  times — ^not  often,  it  is  true — the  fog  belt  will  extend 
along  the  entire  Atlantic  coast  from  Eastport  to  Jacluonville,  and  westward 
along  the  Gulf  coast  from  Tampa  to  the  mouth  of  the  Rio  Grande.  At  other 
times  the  fog  belt  will  extend  from  the  Maine  coast  to  Jacksonville,  to  Cape 
Hatteras,  to  Cape  Henry,  to  Cape  May,  to  New  York,  or  to  Block  Island. 

Quite  frequently  it  will  be  confined  to  the 
Maine  coast,  especially  the  eastern  portion, 
occurring  whenever  light  southerly  winds 
blow,  with  a  maximum  frequency  in  mid- 
summer, when  the  temperature  differences 
are  greatest  These  Maine  fogs,  especially 
on  the  eastern  coast,  are  sometimes  very 
fleeting,  disappearing  and  reappearing  with 
variable  winds  at' intervals  of  a  few  min- 
utes. 

Again,  there  will  be  a  fog  belt  that  will 
extend  from  Nantucket  southward  to  Cape 
May,  to  Cape  Henry,  or  to  Cape  Hat- 
teras, and  again  to  Savannah  and  Jack- 
sonville. Other  belts  extend  from  New 
York  southward  along  the  New  Jersey 
coast,  and  at  times  as  far  as  Hatteras. 
A;:rain,  there  is  the  fog  belt  that  extends 
from  Cape  May  to  Cape  Henry,  from  Cape 
Henry  or  Cape  Hatteras  to  Jflck.sonville, 
and  from  Charleston  or  Savannah  to  Jack- 
sonville. Still  another  type  of  fog  belt  extends  along  the  ocean  from  northeast 
to  southwest,  touching  the  coast  at  only  a  few  points,  such  as  Eastport,  Nan- 
tucket, Cape  May,  and  Cape  Hatteras. 

Seasonable  distribution  of  fog, — ^The  percentage  of  foggy  days  for  each  month, 
based  upon  the  total  number  of  such  days  for  each  station  discussed,  and 
for  the  entire  period  from  1900  to  1913,  inclusive,  together  with  the  monthly 
mean  land  and  water  temperatures,  are  shown  in  Table  1. 

Table  1. — Seasonal  distribution  of  foggy  days  (in  percentages  of  the  total  num^ 
ber  observed  at  each  station)  and  mean  land  and  tcater  temperatures. 
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Station. 


^1 


Ba8tTX)rt,  Me. 
Portland,  Me 
Nantucket,  Id 
New  Haven.  Conn. 
New  York,  N.Y... 
Atlantic  Citv,  N.J. 
Cape  May.  N.J... . 

Norfolk,  Va 

CapeUenrv,  Va... 

Hatteras,  N.  C 

Wflmfn^ton,  N.  C. 
Charleston,  S.  C... 

Savannah,  Qa 

Jaoksonville,  Fla. . 
Key  West,  Fla.... 


674 
346 
1136 
138 
186 
259 
585 
198 
276 
153 
142 
249 
184 
140 
3 


January. 


Mean 
temi>er 
ature. 


^ 


3*20. 135. 9 
7  ri  0  33.4 
6  ^-'-237.1 

17  7 

20  33.4 

11  35.8 

12 


14  40. 1 
15"  40. 1 

2145.8 
17  45.0 
20,49.3 
20;49. 9 
321-W.  9 
OftS.S 

I 


41.2 


47.7 
50.7 
19.9 
57%  9 
72.6 


Febniary. 


I 


Mean 
temper- 
ature. 


21.6 


733.0 


34.1 
41.8 
12  42.6 
19  46.6 
1147.7 


1651.653.2 


52.5 
56.9 


67  70.8 


33.1 


March. 


23.832.0 
31.034.6 
28.3 
30.7 


32.6 
37.0 


44.5 


50.4 


53.4 
61.0 
73.6 


19 


Mean 
temper- 
ature. 


28.9 
632.1 
936.7 
35.4 
16|.37.6 
1538.9 

14  40.8 
12147.8 

15  46.3 
2051.5 
1253.76.5.4' 
15  57. 2  57. 9i 
1358.358.4 

861.966.4 
0  72.7  75.71 


32 

33.5 
36.5 

as.'e 

39.7 

49."  i; 


April. 


I    Mean 
:  temper- 


to 


:i8.4  35.5 
42.9!39.2 
43.9  42.5 
46.4 


7 

8  48.1 
47.5 
48.4 
56.0 
54 

57.9 
60-4 


43.6 

47.7 


56.1 


62.5 


64.7i64,6 
67.6i7L3 

■5.5  78.8 


May. 


11 


13 


.'an 
temper- 
atiu'o. 


11 

1053.5^ 
12  52.749.8 

757.7... 

69.354.8 
17167. 6 
1558.6 

806.1 
64.2 

567.2 

609. 

472.6 


71.7 
75. 
6172.6  73.1 
I  74.2  78.3 
079.082.8 


46.939.1 
47.0 


66.2 
67.8 


Juno. 


t 


Mean 
temper- 
ature 


1254.4  42.9 
962.654.8 

1360.858.4 
466.8.... 
368.566.9 

12]65.805.7 

1267.7.. 
3  74.4  7 
473.1  .... 
174.4.... 
2  75.5  78.8 
178.5  80.0 
178.280.0 
79.083.4 


q82.2  8ft. 


7a.e 
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Tablb  1. — Seasonal  dUtribution  of  foggy  days  {in  percentages  of  the  total  num- 
ber observed  at  each  station)  and  mean  land  and  water  temperatures — Ck>ntd. 


station. 


July. 


EastDort,  Me 

Portland,  Me 

Nantucket,  Mass. .. 
New  Haven,  Conn.. 
New  York,  N.r.-.. 
Atlantic  Cltv,  N.J.. 

Cape  Mav,  N.J 

Norfolk,  Va 

Cape  Henrv,  Va 

Hattenia,  N.  C 

Wilmington,  N.C.. 

Charleston,  S.  C 

Savannah,  Ga 

Jaok3onviUe.  Fla. .. 
Key  West,  Fla 


574 
346 
1135 
138 
186 
259 
585 
198 
270 
IM 
142 
249 
181 
140 
3 


Moan 
temper- 
ature. 


23159. 8 
12  6S.0 
15  67.5 


71.9 
73.5 
72.5 
73.4 
78.4 
78.2 
78.6 
78.7 
81.3 
80.5 
80.9 
0,83.7 


August. 


46.8 
59.6 
65.5 

72.4 
72.1 

ml  9 


83.8 
83.6 

84.5 
88.6 
4 


Mean 
temper- 
ature. 


59.8j49.8 
68.1161.0 
67.8  67.2 
70.11 

72.2  73.3 
72.6:72.8 
73.41 

76. 7  80. 5 
76.3 
78.2 
77.681.5 

80.3  83.2 

79. 4  83. 0 
SO.  185.5 

83.8  86.6 


September. 


Mean 

temper- 
ature. 


55.2 
59.5 
63.5 
63.9 
66.5 


71.7 
72.0 
74.7 
73.1 

76.4 
75.4 
77.4 
82.5 


50.6 

57.8 
64.5 

69.3 


67.7  71.1 
69.0 


74.8 


77.0 
78.9 
78.4 
82.3 
86.1 


October. 


Mean 
temper- 
ature. 


46.6 
49.1 
5  54.6 
52.8 
55.5 
57.3 
59.5 
61.3 


7  63. 


66.0 
&3.3 
67.0 
66.2 
69.6 
78.7 


49.8 
52.3 
57,7 

i.'i 

62.3 

ci.*3 


69.3 
71 

71.0 
75.3 

81.4 


November. 


Mean 
temper- 
ature. 


136.8  48.2 


7i37. 7 

4  45. 7 

8  41.4 

8  44.0 

8  45.5 

47.4 

51.2 

52.1 


44.6 

49.8 


856.8 


1154.1 
1068. 
12  57.5 
61.3 


48.5 
52.3 


54.4 


59.5 
59.5 
2 
67.3 


4.3j76.6 


December. 


Mean 
temper- 
ature. 


51.2 
51.3 
.5.5. 


25.3 
27.2 
37.0 
31.8 
34.4 
36.4 
38.0 
43.1 
43.2 
48.7 
47.2  49.9 


41.0 
.38.9 
41.7 

38*4 
41.4 

44.0 


53.2 
50.6 
59.0 


70.0  71.2 


An  inspection  of  this  table  shows  that  on  the  open  New  England  coast  fogs 
are  most  frequent  in  midsummer  and  least  frequent  in  winter,  although,  when 
Block  Island  is  reached,  there  is  a  shift  in  the  time  of  maximum  frequency 
toward  early  summer.  Forty-one  per  cent  of  the  total  number  of  fogs  occur 
from  June  to  August,  inclusive,  while  in  December,  January,  and  February  the 
percentage  is  only  11.    The  spring  percentage  is  28,  and  that  of  the  autumn  20. 

Along  Long  Island  Sound  and  the  Middle  and  South  Atlantic  coasts  the  season 
of  maximum  frequency  shifts  to  winter  and  early  spring  (late  spring  along  the 
extreme  southern  coast  of  New  Jersey,  probably  on  account  of  the  lower  water 
temperatures  and  the  prevailing  winds  from  the  water  surfaces  to  the  eastward, 
southward,  and  westward,  Delaware  Bay  being  only  a  short  distance  to  the 
westward).  Likewise  the  season  of  minimum  frequency  changes  to  mid- 
summer. From  New  Haven  southward,  except  along  the  extreme  southern  New 
Jersey  coast  and  at  Key  West,  the  seasonal  percentages  are :  Winter,  46 ;  spring, 
27 ;  summer,  5 ;  and  autumn,  22.  From  Hatteras  to  Jacksonville  the  mean  sum- 
mer percentage  is  only  3.4.  Here  the  land  temperatures,  while  from  8**  to  6* 
lower  than  those  of  the  water,  are  nevertheless  quite  high  (75'  to  81*),  and  con- 
sequently have  a  large  moisture  capacity.  Therefore  the  slight  differences  in 
temperature  that  would  be  caused  by  the  intermixing  of  the  sea  and  land  airs 
would  not  be  sufficient  to  lower  the  moisture  capacity  of  the  latter  to  an  extent 
sufficient  to  cause  condensation. 

Necessary  conditions  precedent  to  fog  formation, — ^These  are  found  to  be 
practically  the  same  as  those  for  the  Great  Lakes,  and  It  not  infrequently  hap- 
pens that  certain  well-marked  conditions  will  be  followed  by  dense  fog  on  both 
the  Lakes  and  along  the  Atlantic,  and  even  the  Gulf  coast  (See  maps  for  Jan. 
1^21, 1900.)    The  conditions  favorable  for  fog  formation  are: 

1.  Low  pressure  to  the  leeward  side  with  weak  gradients. 

2.  Temperature  differences  between  the  land  and  water  surfaces  fairly  well 
marked. 

8.  High  humidity. 

4.  Ckxnirrence  of  precipitation  in  the  direction  of  the  low  pressure. 

5.  Low  wind  velocities,  less  than  15  miles,  and  usually  less  than  10  miles  an 
hour. 


Digitized  by  VjOOQIC 


666       PBOCEEDINQS  SECOND  PAN  AMERICAN  SCIENTIFIC  CONGRESS. 

Low  barometric  pressure  to  the  leeward  side  witli  weak  gradients  appears  to 
be  a  sine  qua  non  with  regard  to  fog  formation,  except  In  a  few  localities, 
such  as  Nantucket,  where  fog  will  form  at  any  time  when  pressure  conditions 
are  stagnant,  and  temperature  differences  will  cause  sufficient  change  in  the 
wind  direction  to  cause  fog. 

With  slight  lows  in  the  southwest  there  is  not  apt  to  be  much  precipitation 
in  the  South  Atlantic  States  preceding  fog  formation  in  that  section,  althou^^ 
It  will  occur  quite  often  with  the  fog. 

It  is  also  noted  that  the  difference  between  the  land  and  water  temperatures 
preceding  fog  are  not  so  marked  along  the  South  Atlantic  coast  as  f^urther  to 
the  northward,  but,  as  the  prevailing  winds  are  from  the  water,  and  conse- 
quently moisture  laden,  and  as  the  water  temperatures  are  uniformly  the  hi^ier, 
there  is  sufficient  cooling  by  mixing  to  cause  partial  condensation  of  some  of 
the  vapor  into  fog  during  the  cooler  months  of  the  year. 

Low  wind  velocities  are  essential  to  the  formation  of  fog,  except  in  extreme 
cases  along  the  New  England  coast,  where  fog  will  occur  at  times  with 
moderately  strong  easterly  winds,  if  the  land  temperatures  are  considerably 
higher  with  rather  low  humidity.  In  these  instances  there  is  sufficient  con- 
densation to  cause  fog,  but  not  quite  enough  to  form  rain. 

It  seems,  therefore,  that  of  the  conditions  mentioned  above,  numbers  1,  8, 
and  5  are,  with  very  few  exceptions,  essential  to  fog  formation,  while  num- 
bers 2  and  4  are  quite  essential  along  the  northern,  but  not  along  the  southern 
coast  of  the  Atlantic  Ocean. 

GXTLT   OF   MXXIOO   lOGS. 

It  is  found  tliat  the  general  rules  governing  the  formation  of  fogs  on  tlie 
Great  Lakes  and  the  South  Atlantic  coast  apply  equally  well  to  the  fogs 
on  the  coast  of  the  Gulf  of  Mexico,  and  it  is  not  necessary  to  repeat  them 
here.  As  stated  before,  the  conditions  are  so  well  defined  at  times  that 
fogs  will  occur  along  the  entire  coast  from  Maine  to  Texas,  except  along 
the  southern  Florida  coast,  but  at  other  times  the  fogs  will  be  very  local  in 
character.  The  region  of  maximum  frequency  occurs  between  the  northwest 
coast  of  Florida  and  the  northeastern  coast  of  Texas,  the  number  of  foggy 
days  increasing  toward  the  west  The  regions  of  minimum  frequency  were 
found  on  the  southern  coast  of  Texas  and  the  coast  of  the  Florida  peninsula. 
The  following  diagram  shows  the  number  of  days  on  which  dense  fog  occurred 
from  1900  to  1913,  inclusive. 

The  percentage  of  foggy  days  for  each  month,  based  upon  the  total  number 
of  such  days  for  each  station  discussed,  and  for  the  entire  period  from  1900 
to  1913,  inclusive,  together  with  the  monthly  mean  land  and  water  tempera- 
turefl.  are  shown  in  Table  2. 


Table  2. — Season jI  distribution  of  foggy  days  {in  percentages  of  the  total  num- 
ber observed  at  each  station)  and  mean  land  and  water  temperatures. 


station. 


Tampa,  Fla 

Penaacola,  Fla 

Mobile,  Ala 

NewOrieans,  La... 

Oalveston,  Tex 

Corpus  Christi,  Tex. 


3 
5 


301 
166 


January. 


Mean 
temper- 
ature. 


February. 


I 


3067.459.0     1800.063.7 
2262.256.3 
2740.850.0 
...63.0 
2862.764.8 
2566.362.8 


13 


Mean 
temper- 
ature. 


1866.460.4 
1268.264.3 

66.3 
1866.657.2 

57.1 


58.6 


March. 


Mean 
temper- 
ature. 


66.6 

4 


65.9 
6L1 
2160.260.1 
62.0 
62.8 
64.0 


63.8 
65.4 


April. 


temper- 
ature. 


60.2  72.6 
767.6  7aO 
765.066. 
.67.0 
868.7 


n.o 


May. 


70.87L9      276.378.1 


Mean 
temper- 
ature. 


2176.679.0 

8  75.078.0 

3  73.674.8 

74.6      2 

76.478.2 


June. 


temper- 
ature. 


078.783.4 


....70.6... 


81.0 


080.684.0 


80.168.8 
7V.283.4 


Si.4 
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Table  2. — Seasonal  distribution  of  foggy  days  (in  percentages  of  the  total  num- 
ber observed  at  each  station)  and  mean  land  and  water  temperatures — Oontd. 


station. 


Tampa,  Fla 

Pensacola,  Fla... 

Mobile,  Ala 

New  Orleans,  La 
Galveston,  Tex.. 
Corpus  Christl,  Tex. 


July. 


Hean 
temper- 
ature. 


i\i 


79.9  85.9 
81.3  85.2 
80.5:85.8 
81.3. 
83.0  86.5 
81.9,88.6 


August. 


Mean 
temper- 
ature. 


80.0 
81.0 
■9.7 
81.0 
82.6 
81.7 


85 

85.0 

85.0 

85.'8 
86.9 


September. 


Mean 
temper- 
ature. 


2  78.3 


I 


78. 

76.6 

78.0 

79.4 

79.3 


84.2 

I.C 

SI.  9 


2  82. 


81.6 

82.8 


October. 


M^m 

temper- 
ature. 


6  72.6 
1)69.5 
3  67.1 

...169.5 
372.4 

I0i72.9 


November. 


76. 9| 
76.  l! 

74. 2| 

75.*5' 
77.2 


Mean 
temper- 
ature. 


65.4  66. 

59.8,64.9 

57.6:63.4 

60.6'- 

62.9  64.3 

63.8,65. 


December. 


Mean 
temper- 
ature. 


1169.4 
1253.8 
14  51.4 

...54.4 
10  56.3 
17  67.1 


60.6 
57.6 
53.3 

57.'e 
69.6 


It  will  be  seen  that  the  fogs  were  most  frequent  in  winter  and  least  in 
summer,  being  of  very  rare  occurrence  from  June  to  September,  Inclusive. 
January  is  the  month  of  maximum  frequency,  while  no  dense  fogs  at  all  were 
reported  during  July. 

The  seasonal  percentages  are  as  follows :  Winter,  54 ;  spring,  30 ;  summer,  1 ; 
autumn,  15.  The  almost  total  absence  of  summer  fog  is  due  to  the  same 
causes  that  create  a  similar  absence  on  the  South  Atlantic  coast — namely,  high 
temperatures  and  high  vapor  content 

The  wind  directions  preceding  and  accompanying  the  Gulf  fogs  are  not  so 
uniformly  from  the  water  toward  the  land,  nor  from  the  cool  toward  the 
warm  air,  although  in  a  majority  of  the  cases  the  winds  blew  from  the  water 
surfaces;  that  is,  from  a  warmer  region  to  the  southward  and  southeastward. 
In  many  instances  exactly  the  opposite  condition  prevailed,  and  fog  would  form 
when  a  cold  wave  covered  the  land  and  the  cool  north  and  northeast  winds 
would  blow  down  to  the  much  warmer  Qulf  water,  causing  partial  condensa- 
tion in  the  form  of  fog  that  would  at  times  extend  over  the  Gulf  for  a  con- 
siderable distance. 

This  is  the  prevailing  type  for  Florida  Peninsula  fogs,  including  Key  West 
The  a.  m.  map  of  January  22,  1908,  affords  a  good  type  of  fog  formation  from 
cool  north  winds,  but,  unfortunately,  the  pressure  distribution  on  the  previous 
day  was  not  such  as  to  indicate  on  the  following  morning  the  presence  of  a 
cool,  high  area  over  the  Great  Central  valleys,  and  light  north  winds  down  to 
the  Gulf.  In  fact,  east  and  southeast  winds  were  indicated,  but  with  land  and 
water  temperatures  about  equal.  A  rare  but  well-marked  type  favorable  for 
fog  formation  on  the  Gulf  coast  is  one  with  relatively  cool  southerly  winds 
blowing  from  the  Gulf,  and  such  a  condition  occurred  on  January  24,  1909. 
On  the  23d  temperatures  were  abnormally  high  over  the  Ohio  Valley  and  the 
interior  of  the  Gulf  States,  and  on  the  morning  ot  the  24th  dense  fog  occurred 
from  Galveston  eastward  to  the  northwest  Florida  coast,  and  on  the  Atlantic 
coast  from  Jacksonville  to  Charleston,  also  extending  into  the  interior  of 
Alabama,  Georgia,  and  South  Carolina..  The  fog,  however,  was  only  a  morn- 
ing fog,  and  soon  disappeared  under  the  influence  of  the  sunlight 

GENERAL   NOTES. 

1.  Quite  often  fog  belts  appear  to  travel  generally  from  west  to  east  along 
the  Gulf  coast,  and  from  southwest  to  northeast  along  the  Atlantic  coast ;  occa- 
sionally the  travel  will  be  in  the  opposite  directions.    By  *'  traveling  **  is  meant 
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the  movement,  usually  east  or  northeast,  of  a  fog  belt  on  the  sacoeeding  day 
or  days,  and  not  necessarily  continuing  over  the  section  first  covered.  The 
condition  is  usually  indicated  in  accordance  with  the  general  rules  for  fog 
formation,  l)eing  naturally  associated  with  the  eastward  pressure  drift. 

2.  A  good  fog  type  for  the  South  Atlantic  and  Gulf  coasts  is  high  pressure 
over  Bermuda  and  low  over  Texas  and  Oklahoma,  with  very  weak  gradient 


8.  Fogs  form  quite  frequently  on  the  Atlantic  coast  with  a  low  area  to  the 
nortliward  of  Lake  Superior,  and  moving  northeastward.  The  low  appears 
to  open  up  and  leave  a  trough  with  weak  gradients  to  the  southwestward,  and 
quite  often  with  a  moderate  low  on  the  Texas  coast 
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4.  Differences  between  the  land  and  water  temperatures  are  not  so  marked 
along  the  ocean  and  Gulf  coasts  as  along  the  Great  Lakes,  and  fog  forms  with 
nearly  equal  temperatures,  when  the  latter  do  not  differ  sufficiently  to  cause 
complete  condensation  in  the  form  of  rain  or  snow.  Frequently  rain  will  be 
falling  at  one  place  on  the  coast,  while  at  the  next  station,  only  a  short  distance 


away,  there  will  be  dense  fog.  It  is  usually  observed,  however,  that  at  the 
place  where  the  rain  is  falling,  the  wind  velocity  is  greater  than  where  the  fog 
prevails,  and  a  decrease  in  the  velocity  would  doubtless  be  at  once  followed 
by  fog. 
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5.  The  fog  belt  is  not  always  continuoTis  along  a  coast  It  will  frequently 
fail  to  form  in  a  given  locality,  yet  dense  fog  may  prevail  on  both  sides.  Local 
conditions  are  probably  the  cause  of  this — either  irregularities  in  wind  direction 
or  velocity,  or  in  pressure  distribution. 


6.  The  morning  map  of  January  23.  1909,  shows  an  excellent  fog  type  from 
warm  southerly  winds  for  the  lake  region,  the  Middle  Atlantic  States,  and  New 
England.  Although  the  barometric  gradient  was  quite  steep  to  the  eastward,  the 
low  is  long  drawn  out  to  the  westward,  with  practically  no  gradient 

Three  typical  fog  charts  accompany  the  text 
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THE  RIVER  SERVICE  OF  THE  WEATHER  BUREAU. 

By  ALFRED  J.  HENRY, 
Professor  of  Meteorology,  United  States  Weather  Bureau^  Washington,  Z>.  O. 

The  activities  of  the  Weather  Bureau  In  safeguarding  life  and  property  from 
destruction  by  flood  are  carried  on  through  an  organization  within  the  bureau 
known  as  the  River  and  Flood  Service.  That  service  has  not,  as  might  be  in- 
ferred, a  separate  and  distinct  organization,  but  its  work  forms  an  integral 
part  of  the  general  activities  of  the  bureau. 

OBGANIZATION. 

The  administrative  control  of  the  river  and  flood  service  is  vested  in  the  river 
and  flood  division  of  the  central  office  of  the  Weather  Bureau  In  Washington, 
D.  C.  This  division  is  charged  with  the  general  supervision  of  the  work,  includ- 
ing the  installation  and  upkeep  of  river  gages,  the  collection  and  publication  of 
statistical  reports,  the  preparation  of  definite  rules  for  flood  forecasting,  etc. 

The  geographic  unit  of  the  service  is  the  river  district  center,  one  center 
to  each  watershed,  except  in  the  case  of  the  largest  rivers,  when  it  becomes 
necessary,  on  account  of  the  size  of  the  watershed,  to  create  a  number  of  district 
centers,  all,  however,  of  e^ual  rank,  and  each  having  a  definite  stretch  of  the 
river  under  Its  charge.  The  total  number  of  river  district  centers  is  62.  The 
official  in  charge  of  the  district  center  is  responsible  to  the  central  office  for  the 
administration  and  control  of  the  subordinate  gaging  and  rainfall  reporting 
stations  in  his  district,  and  for  the  issue  and  distribution  of  flood  warnings 
when  necessary.  For  navigable  rivers  daily  stages  are  published  and  dis- 
tributed in  the  interests  of  navigation. 

River  district  centers  are  almost  without  exertion  also  full-reporting 
meteorological  stations,  and  as  such,  distribute  the  usual  routine  information, 
such  as  warnings  of  unusual  weather  conditions,  etc 

BEQT7LAB   AND   8UB0BDINATE   RIVKB   OAQIIVO   STATIONS. 

As  Stated  in  a  previous  paragraph,  62  river  district  centers  are  maintained. 
Continuous  daily  gagings  of  streams  are  made  for  some  part  of  the  year  at 
468  stations,  classed  as  follows:  (1)  Full  r^)orting  meteorological  stations 
of  the  Bureau,  72;  (2)  subordinate  gaging  stations,  396.  These  stations 
report  daily,  by  mail  or  telegraph  to  the  district  center  the  stage  of  the  river 
and  the  weather  conditions.  Stations  of  this  class  are  established  whenever 
the  full  reporting  meteorological  stations  of  the  Bureau  are  not  sufficiently 
numerous  to  obtain  the  information  necessary  to  the  preparation  of  flood 
warnings.  Thus,  on  the  Allegheny  and  Monongahela  Rivers  17  subordinate 
gaging  stations  are  maintained. 

Flood  toamings. — In  the  early  period  of  the  weather  service — that  is,  prior 
to  July,  1893 — ^flood  warnings  were  issued  only  by  the  forecast  officials  of  the 
central  office,  in  Washington,  D.  C.  These  warnings  were  issued,  naturally, 
for  only  the  largest  rivers,  and  generally  after  the  run-off  had  reached  the 
tributary  streams,  and  gagings  in  hand  had  shown  that  a  flood  wave  in  the 
headwaters  was  already  in  progress. 

On  the  date  previously  mentioned  the  duty  of  issuing  flood  warnings  was 
delegated  to  the  local  officials  of  the  bureau  most  advantageously  situated 
in  respect  to  the  rapid  collection  and  distribution  of  pertinent  information 
respecting  the  rivers  in  their  respective  districts.    The  effect  of  this  change 
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was  twofold:  First,  it  made  it  incumbent  upon  a  number  of  oflScials  to 
immediately  prepare  themselves  to  forecast  floods.  Practically  no  guiding 
rules  were  then  in  existence,  tience  there  was  a  general  turning  to  tlie  records 
of  previous  floods  in  order  to  deduce  empirical  rules  for  future  use.  Tlie 
river  and  flood  division  of  the  central  office  in  Washington,  also  using  the 
records  of  previous  floods,  constructed  rules  for  flood  prediction  on  most  of 
the  principal  streams. 

Many  officials  in  charge  of  river  districts  have  independently  prepared 
rules  for  their  districts.  These  rules,  however,  have  been  made  to  fit  the 
needs  of  different  situations.  In  some  cases  simple  gage  relations  between 
consecutive  gaging  stations,  as  between  Cairo  and  Memphis,  on  the  Missis- 
sippi, have  been  determined;  in  other  cases,  however,  the  relative  importance 
of  tributaries  had  to  be  very  carefully  determined,  and  in  general  the  effect 
of  heavy  rains  under  varying  conditions  of  ground  absorption  had  to  be  inves- 
tigated for  a  large  number  of  cases. 

The  usual  method  of  determining  gage  relations  between  two  stations  is  by 
plotting  on  rectangular  coordinate  paper  the  stages  at  an  upper  station  as 
abscissas,  and  the  corresponding  stages  at  a  downstream  station  as  ordinates. 
Through  the  points  obtained  by  the  intersection  of  the  abscissas  and  the  ordi- 
nates a  curve  is  drawn,  from  which  may  be  taken  the  average  stage  at  a  down- 
stream station  corresponding  to  a  certain  average  stage  at  an  upstream  sta- 
tion. Where  there  are  no  tributary  effects  to  be  considered  this  method  gives 
good  results. 

The  second  effect  of  decentralising  flood  forecasts  was  to  immediately  en- 
large the  field  of  activity ;  that  is,  to  extend  it  to  smaller  streams  and  to  increase 
the  scope  of  the  forecast  to  include  low  and  medium  stages  in  the  interests  of 
navigation. 

THS  PREPABATION  OF  FLOOD  FORECASTS. 

The  fundamental  considerations  in  any  plan  of  flood  forecasting  must  be : 

1.  Precipitation — its  quantity,  intensity,  and  horizontal  distribution. 

2.  Run-off— ratio  of  to  precipitation  under  widely  varying  conditions  of 
ground  absorption. 

8.  The  stage  of  the  stream  at  tlie  time  of  precipitation  and  the  gage  rela- 
tions between  points  in  its  course. 

4.  Rate  of  flow  or  time  interval  between  adjacent  gaging  stations. 

5.  Storage  capacity  of  river  channel  and  overflow  areas. 

All  of  these  considerations,  except  the  last,  are  variable.  Their  effect  singly 
or  in  combination  must  be  determined  for  each  station. 

QBOGBAPHIC  DISTRIBUTION  OF  FLOODS  IIT  THK  UNirXD  STAIVB. 

Floods  in  northern  rivers  are  mostly  conflned  to  the  late  winter  and  spring 
and  are  frequently  conditioned  upon  the  breaking  up  and  sometimes  the  gorg- 
ing  of  ice  in  tortuous  bends  in  the  river,  or  as  a  result  of  artificial  obstructions 
in  the  form  of  bridges.  The  ice  effect  in  the  Atlnntic  drainage  south  of  the 
Potomac  is  negligible.  Pure  rain  floods  in  the  northern  rivers  in  the  warm 
season  are  infrequent 

In  the  Atlantic  drainage  many  of  the  rivers  have  a  rapid  descent  in  the 
upper  reaches,  widening  out  in  their  lower  portions  where  the  tidal  in- 
fluence counteracts  any  tendency  to  floods.  The  rivers  of  the  South  Atlantic 
and  Gulf  States  are  mostly  of  this  character.  Floods  occur  mostly  in  the 
winter  and  spring  seasons  in  the  South  Atlantic  and  Gulf  States,  although 
severe  floods  may  also  occur  in  Texas  in  the  warm  season.    The  probl^n  of 
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flood  forecasting  in  the  Gulf  States  is  therefore  very  largely  one  of  rainfall 
intensity  and  horizontal  distribution. 

Floods  in  the  interior  drainage. — ^The  Mississippi  basin  is  subject  to  spring 
floods,  often  from  the  cumulative  effect  of  heavy  rains  in  the  lower  part  of  the 
basin  in  January,  February,  and  March,  in  conjunction  with  flood-producing 
rains  in  the  Ohio  watershed.  The  western  tributaries,  south  of  the  Missouri, 
may,  and  often  do,  add  to  the  intensity  of  the  flood  wave,  since  their  water- 
sheds are  almost  directly  in  the  path  of  rain-producing  storms  from  the 
Southwest  Floods  in  the  upper  portion  of  the  river,  say  north  of  Cairo,  occur 
mostly  in  June,  as  a  result  of  heavy  and  continued  rains  over  the  lower 
Missouri  and  the  middle  Mississippi  valleys.  The  Missouri  contributes  but 
little  to  the  spring  floods  of  the  lower  river.  Its  watershed,  though  the  largest 
of  the  tributaries,  is  relatively  unimportant  in  the  causation  of  floods,  by 
reason  of  the  light  winter  and  spring  precipitation. 

Considerations  1  to  5  are  used  in  flood  forecasting  in  the  interior  drainage. 

Floods  on  the  Pacific  coast. — ^The  rivers  of  California  are  subject  to  severe 
floods  in  winter  by  reason  of  the  heavy  precipitation  of  that  season  in  con- 
nection with  a  generous  snow  cover  on  the  headwaters  of  mountain  tributaries. 
Two  rivers  of  the  Pacific  drainage,  the  Columbia  in  the  north  and  the  Colorado 
in  the  south,  have  well-marked  annual  floods  in  June,  due  to  the  melting  of 
snow  in  the  mountains.  These  two  streams  are  the  only  ones  in  the  United 
States  that  show  a  sharply  marked  flood  wave  due  directly  to  the  melting  of 
snow.  While  a  blanket  of  heavy  snow  frequently  covers  the  watersheds  of 
eastern  rivers  in  winter,  it  generally  remains  on  the  ground  for  some  time, 
solidifies,  and  thus  reduces  to  a  minimum  the  flood  menace  from  sudden 
thawing. 

BULBS  FOB  TLOOD  FOBBCASTING. 

Every  river  is  practically  a  law  unto  itself  and  must  be  investigated  sepa- 
rately before  rules  for  flood  forecasts  can  be  formulated.  In  other  words, 
no  rule  has  yet  been  evolved  that  is  of  general  application.  In  recent  years 
the  multiplication  of  rainfall  stations  over  the  watersheds  has  greatly  stimu- 
lated the  study  of  the  precipitation  effect  under  varying  conditions  of  intensity 
of  fall  and  of  horizontal  distribution.  The  vagaries  of  the  horizontal  distribu- 
tion, especially  in  summer,  are  yet  a  source  of  error  on  many  streams. 

Considerations  1,  2,  and  8  in  the  foregoing  scheme  are  the  main  reliance  of 
the  forecaster  along  the  streams  of  the  Atlantic  and  Gulf  coasts.  The  guiding 
rules  for  a  stream  in  a  region  of  steep  slope  and  rapid  run-off  are  presented 
in  a  paper  by  Mr.  E.  D.  Emigh,  of  Augusta,  Ga.,  while  Mr.  W.  C.  Devereaux, 
of  Cincinnati,  Ohio,  presents  like  rules  for  a  less  rapidly  flowing  stream,  where 
considerations  4  and  5  also  come  Into  use. 

ACCT7BACY  OF  FLOOD  FORRCASTS. 

The  value  of  a  flood  warning,  is  directly  proportional  to  the  accuracy  of  the 
statement  of  the  crest  stage  expected.  Hence  the  aim  of  all  students  of  the 
problem  is  to  reduce  the  warning  to  a  definite  statement  of  the  stages  expected, 
particularly  the  crest  stage  and  the  time  of  its  occurrence.  Unfortunately,  a 
number  of  examples  of  highly  accurate  flood  forecasts  that  were  made  several 
weeks  in  advance  have  been  circulated  in  the  public  prints,  and  this  has  doubt- 
less created  a  false  idea  of  the  accuracy  of  flood  forecasting  in  general.  It  is 
perfectly  obvious  that  an  accurate  forecast  of  the  crest  of  a  flood  wave  a  week 
or  so  in  advance  is  possible  only  when  dealing  with  the  largest  of  rivers,  and 


Digitized  by  VjOOQIC 


674       PROCEEDINGS  SECOND  PAN   AMERICAN   SCIENTIFIC   CONGRESS. 

then  only  when  certain  conditions  are  assomed,  viz,  that  all  of  the  water  is  in 
the  stream  at  the  time  the  forecast  is  made,  and  that  there  will  be  no  break 
In  the  storage  capacity  of  the  stream,  such  as  the  collapse  of  levees,  etc 
Such  long-time  forecasts  are  possible  in  the  lower  Mississippi  and  also  in  the 
lower  Ohio,  but  for  a  shorter  period  of  advance  notice  in  the  latter  stream. 
Generally  the  accuracy  of  the  forecast  of  a  crest  stage  diminishes  as  the  time 
of  advance  notice  increases.  It  is  the  practice  of  flood  forecasters  to  name  a 
provisional  crest  stage,  as  far  in  advance  as  may  be  possible,  and  to  revise 
that  stage  from  day  to  day,  as  may  be  necessary  and  possible  with  later  and 
more  specific  information  at  their  command.  On  rapidly  flowing  streams  24 
hours'  advance  notice  is  about  the  maximum  that  can  be  accurately  given, 
while  often  the  time  is  shorter. 

The  accuracy  of  the  quantitative  forecasts  of  stages  must.  In  the  nature  of  the 
case,  vary  for  diflferent  streams.  Thus,  on  a  flashy  river  an  error  of  1,  or,  at 
most,  2  feet  in  a  24-hour  forecast  may  be  expected,  while  on  a  less  rapidly  flow- 
ing stream,  especially  near  the  upper  reaches  and  under  doubtful  conditions, 
the  error  will  still  amount  to  as  much  as  a  foot  On  the  lower  reaches,  however, 
and  under  the  most  favorable  conditions  the  probable  error  in  forecasting  the 
crest  stage  a  week  or  10  days  in  advance  will  be  generally  in  decimals  of  a  foot 

The  cost  of  the  river  service  is  not  easily  determined,  since  the  general  organi- 
Eation  provides  salaries,  rent  of  ofllces,  and  cost  of  telegraphing  at  all  of  the 
river  district  centers,  including  the  central  ofllce  in  Washington,  and  at  a  few 
other  points  not  district  centers.  In  other  words,  the  framework  of  the  struc- 
ture is  already  provided  in  the  bureau  organization.  The  necessary  subordi- 
nate stations  are  maintained  at  a  small  annual  cost,  the  total  of  which  tor  all 
subordinate  stations  does  not  exceed  $40,000.  The  total  annual  cost,  howev^, 
if  we  prorate  the  amount  expended  at  the  various  river  stations,  is  between 
$120,000  and  $180,000. 

ANNUAL  LOSS  OF  LOTC  BY  FLOOD  IN  THE  UNriKD  STATES. 

The  loss  of  life  annually  in  the  United  States  by  flood,  aside  from  those  who 
perish  in  some  great  catastrophe,  due  only  indirectly  to  flood  waters,  such  as 
the  so-called  Johnstown  (Pa.)  flood  of  1880,  the  Galveston  (Tex.)  hurricane  of 
1900,  is,  on  the  average,  somewhat  less  than  100  persons.  There  is  and  will 
\ye  for  many  years  to  come  a  considerable  flood  menace  to  two  classes  of  persons 
In  the  United  States,  viz,  those  who  camp  along  streams  beyond  the  reach  of 
quick  communication,  and  those  who  occupy  dwellings  that  have  been  placed 
on  or  quite  near  to  the  flood  plane  of  small  streams.  In  1915  there  were  two 
striking  examples  of  loss  of  life  by  floods  along  comparatively  insignificant 
streams  that  suddenly  became  raging  torrents.  The  Erie  (Pa.)  flood  and  floods 
in  the  O)lorado  River  at  Austin,  Tex.,  are  referred  to.  However  eflicient  the 
flood-warning  service  along  the  principal  rivers  may  become  it  can  not,  from 
the  nature  of  the  case,  completely  cover  small  streams  that  course  rapidly 
through  mountain  canyons  or  flow  gently  through  thickly  settled  communities. 

PBOPEBTT  LOSS  DUE  TO  FLOODS. 

Several  attempts  have  been  made  to  arrive  at  a  knowledge  of  the  annual 
property  loss  in  the  United  States  by  flood,  but  thus  far  no  sufficiently  accurate 
census  of  such  loss  Is  available.  The  best  we  can  say  is  that  the  annual  loss 
figures  in  millions  of  dollars.  The  greatest  loss  in  any  single  year  in  a  hundred 
years  or  more  was  that  of  1913,  in  the  Ohio  and  Mississippi  Valleys,  which 
totaled  a  little  more  than  $160,000,000. 
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A  large  proportion  of  the  annual  loss  by  flood  can  be  ascribed  to  the  overflow 
of  rich  bottom  lands  before  the  crops  have  been  harvested.  The  year  1915 
affords  a  striking  example  of  loss  to  agricultural  Interests  by  floods  which 
caused  comparatively  little  destruction  to  other  interests.  I  refer  to  the  loss  of 
farm  products  and  lands  in  the  Middle  West  during  May  and  June,  1915 
(Monthly  Weather  Review,  43.  288.  353). 


THE  PRINCIPLES  INVOLVED  IN  PREDICTING  HIGH-WATER 
STAGES  IN  FLASHY  STREAMS,  WITH  SPECIAL  REFERENCE  TO 
THE  SCHEME  FOR  THE  SAVANNAH  RIVER  AT  AUGUSTA,  GA. 

By  EUGENE  D.  EMIGH, 
Meteorologist^  United  States  Weather  Bureau^  Augusta,  Oa. 

So  important  is  it  that  river  forecasts  and  flood  predictions  be  timely  as 
well  as  accurate  within  practical  limitations  that  it  would  seem  to  be  essential 
to  successful  work  along  this  line  that  whenever  possible  and  wherever  possible 
a  set  of  rules  (sometimes  called  a  ** scheme")  be  worked  out  in  complete  and 
comprehensive  form. 

For  the  rivers  of  more  uniform  and  less  rapid  flow,  such  as  the  Mississippi, 
Ohio,  and  others,  rules  have  for  years  been  in  operation  whereby  predictions 
could  be  made  days  and  often  weelcs  in  advance  and  be  verified  within  a  few 
tenths  of  a  foot.  In  such  systems  the  primary  argument  is  the  relation  be- 
tween the  readings  of  advantageously  placed  river  ga^es.  Generally  before 
the  forecast  is  made  the  water  is  already  in  the  main  stream  or  its  tributaries 
and  its  future  efltect  at  any  given  point  can  be  anticipated. 

To  the  marked  contrast  in  the  habits  of  smaller  rivers  which  course  through 
rugged  country  and  move  rapidly  down  steep  slopes  is  perhaps  due  the  fact 
that  greater  eifort  has  not  been  made  to  systematize  the  work  of  predicting 
stages  for  such  streams.  While  much  has  been  accomplished  in  recent  years, 
few  of  the  men  on  the  ground,  those  charged  with  the  actual  work  and  who 
have  acquired  valuable  experience,  have  seriously  attempted  to  work  out  rules. 
While  some  of  these  officials  are  no  doubt  very  proficient  through  long  experi- 
ence, their  proficiency  is  too  often  entirely  personal  and  their  removal  for  any 
cause  would  leave  the  work  about  where  they  took  it  up.  Science  and  the 
public  interests  would  profit  little,  if  at  all,  by  their  experience. 

Experienced  river  forecasters  have  sometimes  waited  too  long  a  time  in 
order  to  see  how  their  stream  was  going  to  act  before  issuing  warnings  for 
the  protection  of  property  and  the  safeguarding  of  public  interests,  with  the 
result  that  much  damage  was  done  for  the  lack  of  timely  advice.  Or,  not 
realizing  the  futility,  or  at  least  uncertainty,  involved  in  depending  upon  such 
Inferences  as  might  be  drawn  from  precedents  at  the  time  of  an  emergency, 
they  have  subjected  themselves  to  much  perturbation  and  likelihood  of  error. 

Few  high  freshets  in  a  flashy  stream  have  precedents  similar  in  all  particu- 
lars, though  the  laws  of  the  flow  of  water  are  such  that  like  conditions  will 
produce  like  results.  The  law  of  averages  must  be  invoked  and  deviations 
from  standard  conditions  studied  and  classifled  with  great  care. 

SELECTION  OF  STATIONS  AND  DISTRIBUTION  OF  RAINFALL. 

Since  the  river  forecaster  for  quick-rising  streams  must  depend  almost 
entirely  on  the  quantities  of  rainfall  over  the  watershed  and  their  distribution, 
68436— VOL  n— 17 43 
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it  Is  necessary  that  there  be  enough  stations  pr<^)erly  distributed  and  with  the 
best  possible  facilities  for  transmitting  reports  by  telegraph  or  t^ephone. 
These  stations  should  be  carefully  organized  and  the  observers  sliould  be  thor- 
ouglily  instructed  in  their  duties  and  given  such  rules  regarding  the  sending 
of  reports  as  will  prevent  any  condition  with  an  element  of  danger  escaping  the 
notice  of  the  central  .office  of  the  river  district 

It  has  been  found  for  the  Savannah  River,  and  will  no  doubt  prove  equally 
true  of  other  streams,  that  a  consistent  horizontal  distribution  of  stations  very 
largely  eliminates  the  question  of  distribution  of  rainfall,  excepting  summer 
showers,  from  the  problem  of  determining  the  ultimate  height  to  be  predicted. 


FiQ.  1.— The  SaTfumah  River  watershed  above  Augusta,  Ga.    Area,  7,204  square  mflea. 

though  the  question  of  distribution  may  well  be  considered  in  approximating 
the  time  to  expect  the  crest.  This  does  not  mean  that  the  stations  should  be 
equidistant,  for  in  such  an  arrangement  drainage  areas  of  major  importance 
would  be  given  the  same  weight  as  relatively  insignificant  areas.  Over  the 
basins  drained  by  larger  and  more  numerous  streams  should  be  placed  more 
stations  than  over  those  of  lesser  importance  in  accumulating  and  discharg- 
ing the  surface  run-ofiC  from  rainfall.  This  disposes  of  topography  and  other 
permanent  physical  peculiarities. 

In  the  early  experiments  in  predicting  for  the  Savannah  River,  with  24-hour 
rains  from  which  the  crest  would  reach  Augusta  in  18  to  24  hours,  the  wattf- 
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shed  was  divided  into  two  sections,  from  the  lower  of  which  the  crest  could  be 
expected  within  24  hours  and  from  the  other  in  about  48  hours.  The  reports 
from  the  upper  area  were  not  considered  in  the  computation.  It  was  soon 
learned,  however,  that  the  crest  height  was  materially  affected  by  the  support 
or  lack  of  support  from  water  from  the  upper  stretch,  and  that  better  results 
were  obtainable  from  the  average  of  the  precipitation  over  the  entire  water- 
shed. This  would  seem  to  suggest  to  other  students  a  general  rule  of  relation- 
ship between  adjacent  portions  of  watersheds  in  anticipating  the  effect  of 
24-hour  rainfall. 

Frequently,  as  was  stated  in  the  writer's  paper  on  the  predicting  of  high 
water  at  Augusta,  Ga.,  in  the  January  (1914)  Monthly  Weather  Review,  summer 
showers  do  not  distribute  themselves  generally  over  the  drainage  area,  and 
the  run-off  from  large  portions  may  be  insignificant  or  entirely  lacking.  It  is 
in  such  cases  always  necessary  to  ascertain,  as  nearly  as  possible,  to  what 
extent  the  distribution  is  erratic  A  knowledge  of  general  meteorological  con- 
ditions is  of  great  assistance,  and  it  has  been  found  that  river-gage  readings  at 
points  about  24  hours  distant  in  terms  of  rate  of  flow  are  often  very  helpful. 

The  above-mentioned  aids  in  determining  the  character  of  the  distribution, 
are,  however,  in  the  Augusta  scheme,  merely  supplementary  to  the  following 
rules,  which  are  applicable  only  to  erratic  summer  thunderstorms  and  may  or 
may  not  be  found  to  apply  in  other  schemes.  In  a  complete  scheme  some  similar 
set  of  rules  would  seem  to  be  essential. 

1.  When  the  average  rainfall  for  all  stations  is  2  inches  it  is  rarely  advisable 
to  reduce  the  estimate  on  account  of  irregularities  in  distribution. 

2.  When  the  rainfall  averages  1.50  inches  or  somewhat  less — 

(a)  When  only  2  stations  in  10  have  less  than  0.50  inch  the  distribution 
should  be  considered  general  and  no  allowance  made  for  distribution. 

ib)  When  3  stations  in  10  have  less  than  0.50  inch  allow  three-fourths  to 
full  value,  after  making  allowance  for  ground  absorption. 

(c)  When  4  or  5  stations  in  10  have  less  than  0.50  inch  allow  for  a  rise  of 
only  one-half  value,  unless  2  or  more  of  the  other  stations  have  3  or  more 
inches  of  rain,  when  the  estimate  should  be  three-fourths  to  full  value,  after 
making  allowance  for  ground  absorption. 

Occasionally  heavy  rainfall  amounting  to  8.50  to  5  inches  in  24  hours  occur- 
ring in  a  rugged  portion  of  a  watershed  may,  though  apparently  local  in  char- 
acter, be  of  sufficiently  wide  distribution  to  cause  a  considerable  rise.  River 
gages  placed  below  such  regions  are  necessary  in  order  to  anticipate  such  a 
rise,  and  though  the  predictions  will  sometimes  be  in  excess  of  the  actual  crest 
stage,  they  will  usually  serve  all  practical  purposes. 

LENGTH  OF  BECOBD  AND  THE  BUILDING  OF  A  SET  OF  BULKS. 

Exactly  how  long  a  record  would  be  necessary  in  any  individual  case  for 
the  establishing  of  a  law  of  averages  as  the  working  basis  of  a  forecast  scheme 
for  n  flashy  stream  must  be  determined  by  the  character  of  the  stream,  the  ar- 
rangement of  its  tributaries,  the  topography  and  character  of  soil  over  the 
watershed,  and  the  nature  of  the  weather  conditions  during  the  period  of  the 
record.  The  Augusta  scheme  was  devised  from  a  20-year  record,  but  the  un- 
expected and  surprising  consistency  of  action  of  the  river  under  conditions  fixed 
upon  as  standard  would  seem  to  indicate  that  a  5-year  record  could  be  ad- 
vantageously used,  at  least  tentatively. 

At  the  outset  it  is  important  that  the  observations  be  synchronous.  Although 
enough  24-hour  values  might  be  selected  from  the  records  of  stations  taking 
observations  at  different  hours  to  arrive  at  the  average  result  of  24-hour  rains, 
it  would  be  found  difficult  to  extend  the  scheme  into  extra  24-hour  periods. 
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The  first  values  to  determine  are  the  normal  effects  of  differ^it  amounts  of 
rain  in  producing  rises.  It  is  not  intended  to  reproduce  in  this  paper  the  detail 
work  previously  published,  but  may  be  stated  In  general  terms  that  it  was 
found  for  the  Savannah  River  at  Augusta,  that  for  all  rains  falling  within 
24  hours  of  such  volume  as  to  cause  the  river  to  rise  to  any  stase  und^  29 
feet,  the  average  rise  per  inch  of  rain  falling  within  24  hours  on  soil  previously 
wet  by  recent  rains,  from  any  initial  stage  under  16  feet,  is  8.5  feet  It  will 
be  noticed  that  notwithstanding  the  greater  capacity  of  the  river  at  the  higher 
stages,  due  to  both  greater  width  and  greats  stream  vdocity,  all  rains  leas 
than  about  2.50  inches  adapt  th^nselves  to  the  same  formula.  This  can  be  so 
readily  explained  that  it  would  seem  to  be  likely  to  be  true  in  principle  fbr 
other  streams. 

An  explanation  of  this  persistency  of  rise  is,  that  ground  absorption  reduces 
the  rise  while  the  river  is  at  low^  stages  so  as  to  counterbalance  much  of  the 
retarding  effect  of  the  increasing  width  of  the  stream  and  the  acc^erated 
velocity  of  the  current  at  higher  stages.  The  greater  percentage  of  run-off  in 
a  given  time  from  the  faster  rate  of  fall  of  the  larger  amounts  of  rain  is 
enough  greater  than  the  p^x:entage  of  run-off  in  the  same  time  from  the  slower 
rate  of  fall  of  the  smaller  amounts  of  rain  to  materially  assist  in  giving  for 
the  larger  amounts  the  same  avarage  rise  in  feet  per  inch  of  rain,  with  high 
resultant  stages,  as  is  produced  by  smaller  amounts,  with  lower  stages. 

Since  the  object  was  to  construct  a  table  which  would  give  all  resultant 
stages  for  all  amounts  of  average  rainfall  over  the  watershed  on  all  initial 
stages,  the  next  steps  in  the  Augusta  work  were  to  analyze  the  results  of 
rains  exceeding  2.50  inches  in  24  hours  on  stages  below  16  feet  and  the  results 
from  all  rains  on  stages  16  feet  and  above. 

Enough  such  values  were  found  in  the  24-hour  rains  and  by  using,  under  t 
previously  verified  formula,  the  values  of  the  second  24-hour  period  of  rains 
covering  more  than  one  24-hour  period  to  construct  the  skeleton  of  the  fore- 
cast table  (Table  1).  The  remaining  values  were  ascertained  by  interpola- 
tion and  the  entire  table  smoothed  out  by  using  discharge  tables  furnished  by 
the  United  States  Geological  Survey. 

While  the  ordinary  values  could  readily  have  been  fixed  with  a  record  for 
10  years  or  even  less,  the  extraordinary  values  could  not  have  been  so  deter- 
mined for  the  Savannah  River.  From  a  study  of  Table  2  for  the  Savannah 
River,  however,  it  might  be  possible  to  construct  for  another  river  a  similar 
table  showing  Increase  in  discharge  in  cubic  feet  per  second  per  half  inch  of 
rainfall  in  24  hours  which  would  make  possible  a  comprehensive  forecast  table 
from  a  small  amount  of  data,  the  operation  being  the  reverse  of  that  used 
at  Augusta.  The  steady  difference  noted  for  each  extra  half  inch  of  rain 
in  24  hours,  excepting  the  rather  flashy  results  from  rains  capable  of  pro- 
ducing stages  of  only  30  feet  or  less  and  the  slight  effect  of  light  to  moderate 
rains  on  high  initial  stages,  is  believed  to  offer  a  short-cut  solution  of  problems 
for  other  streams. 

SNOW  AND  ICE. 

While  the  effect  of  melted  snow  does  not  enter  into  the  rules  for  the  Savannah 
River,  in  colder  climates  the  effect  ef  snow  both  in  mountain  sections  and  over 
the  main  portion  of  the  watershed  is  of  great  importance.  Accurate  informa- 
tion as  to  the  contribution  to  a  freshet  likely  to  come  from  this  source  in  case 
of  warm  winter  or  spring  rains  must  be  constantly  at  hand  during  the  danger 
season. 

The  breaking  up  of  ice  and  the  possibility  of  its  Jamming  into  packs,  how- 
ever, presents  such  uncertainties  that  in  most  instances  the  problem  would 
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(lonbtlefls  baffle  efforts  at  solution.  If  bends  in  the  stream  or  other  physical 
peculiarities  make  such  occurrences  more  likely  at  certain  points  than  at 
others,  there  should  be  constant  vigilance,  and  frequent  r^wrts  from  such  points 
would  be  most  advantageous  to  the  river  forecaster  during  periods  of  ai^reheu- 
sion  or  danger. 

SOIL  CONDITIONS. 

Perennial  agriculture  is  practiced  in  the  Piedmont  section  of  (Georgia  and 
South  Carolina.  The  soil,  which  is  at  all  seasons  largely  in  well-tilled  condi- 
tion, is  clay  overlying  gneiss  and  granite.  It  is  a  good  ab6orl)er  of  moisture 
until  its  capacity  is  r^^ched,  after  which  the  contour  farming  which  is  gener- 
ally practiced  tends  in  some  measure  to  retard  the  rapid  accumulation  of  rain 
\vater  in  the  streams,  but  the  country  is  hilly  and  the  accumulation  is  always 
rapid.  Soil  conditions,  as  to  cultivation,  are  about  the  same  throughout  the 
winter  and  early  spring  as  they  are  in  the  spring  in  colder  climates.  In  ttie 
summer  conditions  are  about  the  same  in  all  latitudes. 

Where  there  is  no  winter  tillage  of  the  soil  and  the  ground  is  packed  or 
frozen  when  heavy  spring  downpours  come,  extra  allowance  must  be  made  for 
rapid  run-off  and  the  likelihood  of  the  formation  of  double-headera  It  might  in 
studying  some  streams  l>e  found  necessary  to  have  a  separate  tabular  scheme 
to  cover  such  exigencies. 

Absorption  varies  with  ground  conditions,  ns  to  moisture  and  cultivatioiit  and 
with  rate  of  rainfall.  Slowness  of  rain  on  moist  or.  even  wet  soil  causes  a 
greatly  reduced  and  better  regulated  surface  run-off,  and  on  loose  soil  that  is 
either  dry  or  only  slightly  moist  such  rain  will  be  almost  entirely  absorbed. 
Heavy  rain  on  any  kind  of  soil  has  a  relatively  high  percentage  of  run-off,  par- 
ticularly in  hilly  country,  such  as  characterizes  the  watersheds  of  flaaby 
streams. 

Many  rains  averaging  more  than  an  inch  for  the  Savannah  River  watershed 
are  negligible  in  so  far  as  the  predicting  of  stages  of  18  feet  and  over  is  con- 
cerned. Averages,  especially  in  warm  weather,  must  be  subjected  to  reductions 
of  from  0.25  to  1  inch  before  being  carried  to  the  forecast  table.  When  an  ad- 
ditional reduction  must  be  allowed  in  the  estimated  rise  on  account  of  ^ratlc 
distribution  of  summer  showers  it  is  often  found  unnecessary  to  make  a  fSore- 
cast  on  rains  that  if  distributed  generally  would  give  a  much  higher  stage. 

To  attempt  to  lay  down  fixed  rules  for  allowances  to  be  made  for  ground  ab- 
sorption would  be  futile.  A  little  experience  and  the  knowledge  and  trainetl 
Judgment  of  a  person  familiar  with  meteorological  work  are  essentiaL  Mudi 
depends  upon  the  season  of  the  year,  the  character  of  the  weather  as  to  tem- 
perature, cloudiness,  wind,  and  previous  rains,  and  the  condition  of  the  soil  as 
to  cultivation.  The  records  should  be  carefully  studied,  tabulations  and  either 
detailed  diagrams  or  charts  being  required.  The  pr^^Hiration  of  a  table  similar 
to  Table  8  is  a  most  helpful  preliminary  step.  River  gage  readings  at  points 
upstream  also  assist 

C:XTENSION  OF  THE  RIVEB  FOBECAST  SCHEME  BEYOND  ONE  24-HOUB  PERIOD. 

When  rain  occurs  over  the  Savannah  River  watershed  on  two  or  more  con- 
secutive days  it  is  necessary,  on  the  second  and  subsequent  days,  to  add  to  the 
average  rainfall  for  all  of  the  stationETSO  per  cent  of  the  average  reported  from 
the  upper  section  on  the  preceding  day.  Fixing  upon  80  per  cent  was  the  result 
of  experiment  with  the  records  and  in  practical  work.  When  it  is  necessary  to 
make  allowances  for  ground  absorption  and  erratic  run-off,  they  should  be  ap- 
plied to  the  rainfall  averages  before  any  other  computations  are  attempted. 
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The  application  of  tlie  rule  in  practice  is  exemplified  in  table  4,  in  whicli 
are  given  computations  for  all  long  rains  resulting  in  stages  of  25  feet  or 
over  at  Augusta  from  1892  to  1913,  and  for  the  1888  freshet,  for  which  rainfall 
records  for  four  well-located  stations  were  available. 

The  following  comments  and  rules  are  of  the  utmost  importance  in  river 
forecast  work  at  Augusta : 

1.  When  more  rain  is  expected  to  fall  during  the  day,  from  1  to  3  feet  may 
be  added  to  the  estimate  based  on  the  morning  reports,  but  when  tlie  river 
is  above  15  feet  or  when  there  is  a  possibility  of  general  heavy  rain,  special 
observations  should  be  telegraphed  from  all  stations  at  2  p.  m.  or  5  p.  m.,  or 
both.  At  times  the  river  responds  to  rainfall  so  quickly  that  it  is  no  easy 
matter,  even  by  the  liberal  use  of  special  observations,  to  make  a  forecast  that 
shall  be  both  timely  and  accurate.  That  there  may  be  no  possibility  of  the 
forecaster  being  taken  by  surprise  by  unexpected  developments,  in  addition 
to  telegraphing  each  0.50  inch  or  more  for  the  24  hours  ending  at  8  a.  m., 
rainfall  observers  report  each  inch  as  it  falls  between  8  a.  m.  and  5  p.  m., 
giving  in  each  message  the  total  since  8  a.  m. 

2.  It  is  important  to  distinguish  between  rains  occurring  in  two  separate 
24-hour  periods  and  those  falling  within  24  hours,  though  partly  before  and 
partly  after  8  a.  m.  A  compromise  is  occasionally  advisable,  especially  when 
the  rainfall  Is  continuous. 

3.  The  first  estimate  should  always  be  based  on  the  initial  stage,  1.  e.,  the 
stage  before  the  rains  under  consideration  began  to  affect  the  river,  even 
though  there  is  already  a  considerable  increase  in  the  river  stage. 

4.  When  rainfall  reports  are  received  for  an  additional  24-hour  period,  and 
the  riv^  stage  is  lower  than  was  indicated  by  the  rainfall  reports  of  the 
previous  morning,  base  the  forecast  on  the  8  a.  m.  stage,  unless  there  is  reason 
to  believe  the  rise  from  the  rains  reported  on  the  previous  morning  has  not 
approximately  reached  its  crest 

5.  When  the  8  a.  m.  stage  exceeds  the  estimate  based  on  the  reports  of  the 
previous  morning  and  the  excess  rise  can  not  be  charged  to  the  effect  of  rains 
represented  by  the  current  reports,  use  the  8  a.  m.  stage  as  the  basis  of 
estimate. 

6.  When  the  8  a.  m.  stage  exceeds  the  estimate  based  on  the  reports  of  the 
previous  morning,  and  the  excess  rise  is  chargeable  to  the  rains  represented 
by  the  current  reports,  use  as  a  basis  of  estimate  the  theoretical  stage  indicated 
by  the  reports  of  the  previous  morning. 

7.  When  handling  special  rainfall  r^wrts — 1.  e.,  reports  of  observations  taken 
at  any  hour  other  than  8  a.  m. — it  is  usually  advisable  to  add  to  the  average 
of  the  special  reports  80  per  cent  of  the  8  a.  m.  average  for  the  upper  section 
of  the  watershed  and  base  the  computation  on  the  theoretical  estimate  result- 
ing from  the  8  a.  m.  reports.  It  is,  however,  sometimes  better  to  consider  the 
rain  during  the  Interval  between  8  a.  m.  and  the  hour  of  the  special  observa- 
tions a  continuation  of  the  rains  reported  at  8  a.  m.  and  treat  the  sum  of  the 
two  averages  as  rainfall  within  24  hours. 

00UBLB-HEADEB8. 

Obviously  the  extreme  height  of  a  river  at  and  near  the  point  of  confluence 
of  a  tributary  stream  depends  on  whether  the  crest  of  the  water  from  the 
tributary  reaches  the  main  stream  simultaneously  with,  or  before,  or  after,  the 
passing  of  the  crest  of  the  flood  In  the  main  stream.  A  combining  of  the  two 
crests  is  known  as  a  double-header  and  gives  in  the  main  stream,  until  the  flow 
regulates  itself,  a  greater  depth  of  water  than  would  a  better  regulated  dis- 
charge. 
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There  may  be  river  systems  in  which  double-headers  are  a  normal  condition 
of  run-off  from  rain  falling  over  the  entire  watershed  at  the  same  time.  In 
such  a  river  system  a  marked  deficiency  or  marked  excess  of  rain  in  the  basin 
of  the  tributary  might  affect  the  estimate  and  there  might  be  an  exception  to 
the  general  rule  that  physical  features  of  a  permanent  character  are  elimi- 
nated from  consideration  by  placing  stations  according  to  the  importance  of 
the  subareas.  Here  it  would  be  advisable  to  consider  whether  or  not  the 
physical  condition  is  such  as  to  give  variable  results  from  run-off  from  the 
tributary  to  occasion  modifications  in  the  forecast  scheme.  While  the  rule  of 
averages  would  probably  hold  even  in  such  a  case,  the  matter  should  be  care- 
fully investigated.  In  other  systems  the  double-headers  are  only  occasional 
and  can  occur  only  when  the  rain  In  the  tributary  basin  is  unduly  hastened  or 
unduly  delayed  in  comparison  with  the  time  of  occurrence  over  the  watershed 
of  the  main  stream. 

Most  of  the  tributaries  of  the  Savannah  River  enter  far  enough  above  Augusta 
to  give  the  water  ample  opportunity  to  smooth  out  before  reaching  the  city. 
Stevens  Creek,  which  is  ordinarily  a  small  stream,  but  drains  a  large  area,  and 
at  times  swells  to  quite  formidable  proportions,  however,  enters  the  river  only 
about  9  miles  above  Augusta  and  has  in  one  known  instance  considerably  in- 
creased the  height  at  Augusta  by  combining  its  crest  with  that  of  the  main 
stream. 

By  good  fortune  the  writer  has  come  into  possession  of  the  diagram  repro- 
duced herewith  as  figure  8.  This  shows  the  river  curves  of  the  freshet  of 
March,  1912,  at  Woodlawn,  about  12  miles  above  Augusta ;  the  (Georgia-Carolina 
Power  Co.  dam  site  (before  the  dam  was  erected),  about  9  miles  above  Augusta; 
at  the  mouth  of  Stevens  Oeek ;  at  the  Augusta  locks,  about  5  miles  above  the 
city  bridge;  and  at  the  city  bridge.  The  effect  of  the  Stevens  Oeek  water  is 
well  marked.  Usually  the  Stevens  CJreek  water  passes  in  advance  of  the  crest 
in  the  river. 

There  are  no  doubt  flashy  streams  for  which  the  prediction  of  double-headers 
would  be  a  problem  of  rather  difficult  complications,  particularly  in  view  of  the 
fact  that  little  or  no  opportunity  would  be  afforded  for  gage  readings  to  be 
utilized.  A  very  careful  study  of  rainfall  distribution  and  the  relative  time  of 
occurrence  at  stations  should  be  made. 

BIVEB-GAGE  BELAT10N8. 

Although  only  about  one-third  of  the  watershed  of  the  Savannah  River  above 
Augusta  lies  beyond  Carlton,  Ga.,  and  Calhoun  Falls,  S.  C,  not  including  remote 
mountain  districts,  It  has  been  found  that  the  river-gage  readings  at  those 
polnte  are  of  very  great  assistance.  More  and  more  dependence  is  being  placed 
in  them  to  assist  in  making  allowances  for  ground  absorption  and  erratic  run-off. 
After  allowing  time  for  the  rivers  to  undergo  maximum  rises  at  the  points 
named,  Table  5,  derived  from  a  study  of  gage-relation  diagrams  for  individual 
rises,  is  used. 

LATITUDE  IN  FOBECASTS  BEST  SEBVBS  THE  PUBLIC  INTEBB8T8. 

Since  in  making  predictions  for  flashy  streams  there  is  often  more  or  less 
unceitainty,  sometimes  amounting  to  several  feet  on  the  gage,  latitude  in  stat- 
ing river  forecasts  sometimes  gives  more  complete  information  and  a  presenta- 
tion of  the  facts  better  suited  to  the  needs  of  the  public  than  would  a  definite 
named  flgure. 

The  rules  on  this  point  at  Augusta  are : 
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1.  When  no  more  rain  Is  indicated  and  the  problem  is  clean  cut  no  latitude  is 


2.  When  no  more  rain  is  Indicated  but  the  problem  involves  uncertainties 
a  latitude  of  1  or  2  feet  may  be  taken. 

3.  When  more  rain  is  indicated  it  is  always  advisable  to  take  a  latitude  of  2 
feet,  as  26  to  28  feet  or  30  to  32  feet. 

BELATION  OF  THE  HOUBLT  BATE  OF  BISE  TO  THE  ULTIMATE  STAGE. 

So  much  does  the  time  of  the  beginning  of  the  rise  and  the  hourly  rate  of  rise 
at  stages  under  20  feet  depend  on  the  distance  of  the  greatest  rainfall  from 
Augusta  that  reliable  rules  of  relationship  between  the  hourly  rate  of  rise  at 
such  stages  and  the  maximum  stage  likely  to  be  reached  are  impossible  to 
calculate. 

In  an  accompanying  diagram  the  hourly  rates  of  rise  for  all  freshets  for 
which  data  are  available  have  been  plotted.  From  this  diagram  has  been  de- 
duced Table  6,  showing  the  relation  likely  to  exist  at  Augusta  between  the 
hourly  rate  of  rise  above  22  feet  and  the  ultimate  maximum  stage.  Figures 
of  this  kind  must  be  used  with  Judgment  and  due  consideration  of  whether  rain 
is  still  falling  or  more  rain  is  expected.  It  may  be  well  to  state  that  a  brisk 
downstream  wind  will  tend  to  lower  the  maximum  stage,  while  an  upstream 
wind  will  increase  it  somewhat. 

Table  1. — Stages  normdUy  remlting  in  the  fifotHinna/i  River  at  Augusta,  Oq., 
from  rainfall  over  the  watershed,  after  deducting  from  average  rainfall  an 
allowance  for  ground  absorption  and  after  adding  SO  per  cent  of  previous 
day's  average  for  upper  section  minus  absorption. 
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DuoBAM  No.  3.— R«lation  of  34-hour  rain- 
fall over  the  Savannah  River  .watershed. 
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Diagraming.  4.— Bat<of  hourly  rise  In  tlit  Sftvaimah  Btver  at  Augusta,  Qa.,  for  maximum  stages 

batWMQ97aiid40fett. 
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Fio.  5.— Showing  "doable-header"  in  Bftvsnnah  RItv,  ICareh  1^10, 1912.    Effect  of  water  from 

Stevens  Creek. 
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Table  2. — Increase  in  runoff  in  cubic  feet  per  second  at  Augusta,  Qa,,  resulting 
from  ^i'hour  rainfall  over  the  Savannah  River  u>atershed. 


Rain. 

River 

stoge. 

Run-off 

per. 

second. 

Increase, 
run-off 

per 
second. 

Rain. 

River 
stage. 

Run-off 

per 
second. 

Increase, 
run-off 

per 
second. 

Iwihe*. 

Feet. 
10.0 

Cu.feet. 
10,000 

Cu.feet, 

Inehet. 

FeeU 
35.0 

Cu.feet. 
69,300 

Cu.feet. 

0.60 
1.00 
1.60 
2.00 
2.60 
3.00 
3.50 
4.00 
4.60 

loo 

6.60 

0.50 
1.00 
1.60 
3.0  J 
350 
3.00 
350 
400 
4  50 
600 
5.50 

ii*6 

22.8 
27.0 
29.8 
31.7 
33.8 
34.7 
86.9 
370 
37.9 

15.0 

35,500 
56.000 
83,500 
107.200 
125.200 
143,200 
161,200 
179.200 
197,200 
215.200 

23,000 

35.500 
2),  500 
37,500 
33.700 
18,000 
iS.OOO 
18.000 
18.000 
18,000 
18,000 

37.3 
30.0 
31.8 
33.4 
34.9 

36  0 

37  1 
38.0 
389 
39.7 

30.0 

85.000 
109,000 
137,000 
145.000 
163,000 
181,000 
199,000 
317,000 
235,000 
353,000 

109,000 

i5.866 ' 

34,000 
18.000 
18,000 
18,000 
18.000 
18,000 
18.000 
18,000 
18,000 

0.60 

0.50 
1.00 
1.50 
3.00 
3.50 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 

1.00 
1.60 
2.00 
2.50 
3.00 
3.60 
4.00 
4.50 
6.00 
6.60 

23.0 

27.5 

30.0 

31.8 

33.5 

34.9- 

36.0 

37.1 

38.0 

38.9 

20.0 

67,100 
87,600 
109  000 
127,000 
145,000 
163.000 
181.000 
199,000 
217,000 
235,000 

41,800 

34,100 
30,400 
31.500 
18.000 
18,000 
18,000 
18  000 
18,000 
18  000 
18,000 

30.0 
30.7 
33.5 
34.7 
35.3 
36.4 
37.5 
38.4 
39.3 
40.0 

35.0 

109,000 
116,000 
134,000 
153,000 
170,000 
188,000 
306.000 
334,000 
343,000 
260,000 

165,000 

00,000 
17.000 
.8,000 
18  000 
18,000 
18,000 
13,000 

isiooo 

18,000 
18,000 

0.50 

0.50 
100 
1  50 
300 
3.50 
300 
3  50 
4.00 
4.50 
5.00 
5  50 

1.00 
1.50 
2.00 
3.50 
3.00 
3.50 
4.00    , 
4.50    1 
6.00    1 
6.60    i 

25.2 
28.8 
310 
32.8 
34.2 
35.4 
36.6 
37.6 
38.5 
39.4 

70.700 
98,300 
118.500 
130,500 
154.500 
173.500 
190,500 
308,500 
336,500 
344,500 

38,900 
37.000 
30.300 
18.000 
18,000 
18,000 
18.000 
18,000 
18,000 
18.000 

35.'6" 

35.0 
35.5 
36.5 
37.5 
38.5 
39.3 
400 
40.6 
413 

165,000 
165,000 
175.000 
189,000 
307,000 
235,000 
343,000 
361,000 
379.000 
397,000 

00,000 
00,000 
10,000 
14.000 
18,000 
18.000 
18,000 
18,000 
18,000 
.    18.000 

Table  8. — Effect  of  rainfall  over  the  watershed  in  tvpo  or  more  ti-hour  periods 

on  Savannah  River  stages  at  Augusta^  €hi. 
(Estimates  of  rise  based  on  Table  1  after  deducting  allowances  for  ground  absorption  and  slow  and  erratic 

run-off  ttom.  rainfall  averages.] 


Date. 

Average 
rain. 

Absorp- 
tion, eto. 

Plus  30 
p«o»t 

upper. 

Average, 

sSSlS. 

Initial 
stage. 

Stage  at 
8  a.m. 

Esti- 
mated 
stage. 

Highest 
stage. 

Sept.  9, 1888 

Jneke$. 
3.34 
3.98 
1.43 
1.45 
0.94 
a53 
0.57 
1.76 
0.81 
1.03 
0.71 
1.84 
1.47 
2.57 
0.85 
a74 
0.99 
1.24 
1.89 
3.34 
1.50 
a79 
a65 
0.98 
a35 
1.45 
1.84 
1.99 

Ineha. 
0 
0 

.19 
0 
0 
0 
0 

.63 
0 
0 

.53 
0 

.50 

.30 
0 
0 
0 

.50 
1.00 
1.82 
0 
0 
0 
0 

.36 
0 
0 
1.55 

/fieftef. 

Ineke$, 
.     1.40 
1.46 
1.04 
2.03 
0.87 
0.29 
0.36 
1.51 
0.67 
1.92 
1.04 
2.67 
1.57 
1.90 
0.79 
0.90 
0.85 
a96 
1.60 
1.88 
1.16 
1.24 
0.04 
1.15 
0.67 
1.80 
2.17 
2.94 

Feet. 
23.0 

Feet. 
33.6 
34.7 
17.0 
36.3 
31.0 

&3 
13.9 
1&8 

9.8 
19.3 

6.5 
10.1 

9.3 
35.0 
11.6 
22.5 
27.0 
27.6 

&8 
23.4 
29.2 
11.2 
1&6 
23.9 
17.7 
19.4 
16.3 
28.4 

Feet, 
32.7 

130.2 
26.2 
31.0 
31.8 
12.7 

ua3 

27.1 
16.7 

»25.8 
10.1 
27.0 
15.9 

>30.6 
18.8 

124.8 

128.5 
28.3 
13.9 

129.2 
30.9 
17.9 
23.9 
26.6 
17.7 
28.4 
29.3 
29.0 

Feet, 

Sept.  10, 1888 

4.40 

38.7 

Jan.  18, 1803 

17.0 

Jan.  19, 1893 

1.76 
L55 

Jan.  3011893 

32.8 

Mar.  2^,  1893 

&3 

Mar.  35, 1893 

a68 
L34 

Mar.  36!  1893 

26.6 

Feb.  13;  1893 

9.8 

Feb.  13, 1893 

1.23 
0.95 
1.99 

25.4 

Dec  11, 1894 

6.5 

Dec  13. 1894 

26.2 

Jan.  9, 1895 

7.7 

Jan.  lb.  1895 

2.09 

30.6 

Mar.  0,1896 

11.6 

Mar.  14  1895 

0.98 
1.24 
1.00 

Mar.  15  1895 

Mar.  16: 1895 

28.6 

Jlll77,l896 

6.3 

July  8.1896 

2.00 
..61 

July  9, 1896 

130.5 

Mm- 1V897......::: 

11.3 

Mar.  1311897 

a92 

Mar.  14, 1897 

25.6 

Apr.  4, 1897 

17.7 

Apr.  6, 1897 

1.62 

29.3 

s5>t.i,iS98....:::;:: 

16.3 
*38.4 

*29.0 

Sept.  3, 1896 

1.09 

29.0 

i  Estimated  rise  basi 
«A36-ibot8tagBwas 

Mlontheo 
predicted 

retlcalestii 
on  July  8» 

nateflrom 
1896.  andi 

rainfall  re] 
wemstohi 

;>ortedat8 
kvebeena 

a.m.oftt 
msenrativf 

lepreviooi 

day. 
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Table  4. — Effect  of  ground  abaorptUm  and  9low  and  erratic  run-off  on  the  rela- 
tion between  24'hour  rains  and  river  staget  at  Augusta,  Ga. 


Date. 


May  3, 1^3 

Oct.  13, 1883 

Sept.  18, 1894.... 
Nov.  8, 1894 

ynn.  17. 1S96 

Feb.  6, 1896 

Jan.  14, 1897 

Feb.  2, 1897 

Feb.  6,  1897 

July  18, 1897 

Sept.  23,  1897 

Nov.  27,  IH'7 

Apr.  5,  IS'i-i 

Apr.  24,  istS 

Jan.  n,  ISM 

Mar.31,  lH»il 

July  27,  l^"' 

Aug.  30,  ivi'l 

Mar.  16,  V-m 

June  17,  nKKl 

July  30,  1900 

Feb.  9,  1901 

June  7,  1901 

June  16,  V.m 

July  14,  r>)i 

Jan.  23,  IIX)! 

Dec.3,1905 

Dec.  9, 1905 

May  7, 1906 

May  27,  1906 

June  13,  1906 

July  9, 1'JOti 

July  15, 1906 

July  30,  1906.. 

Apr.  23,  1907 

June  1,1907 

Juno  28, 1907 

Sept.  23,  1907 

Mar.  21,  H*fH 

June  15,  \\m 

Nov.  14,  nm 

Aug.  3,  19f)'J 

Sept.  18,  l'H>3 

Oct.  15,  I'JOJ 

Apr.  17, 1910 

Oct.  8, 1910 

Mar.27,  1911 

Apr.8,1911 

July  14, 1911 

Oct.  22,  1911 

Oct.  28,  1911 

Nov.  7,  1911 

Nov,  9,  1911 

Jan.  9, 1912 

Jan.  30, 1912 


Average  I  Ahsorp-  i 
rain.    { tion,  etc. 


stage. 


Inches. 

Inches. 

1.12 

.57 

1.82 

.35 

1.14 

.21 

1.28 

.30 

LA3 

.45 

1.56 

.30 

1.28 

.50 

1.18 

.15 

2.31 

.45 

1.91 

.65 

2.22 

1.30 

1.25 

.85 

1.82 

.65 

1.06 

.50 

0.00 

.60 

aoo 

.27 

ao6 

.86 

1.18 

.93 

1.20 

.30 

1.45 

.47 

L19 

.87 

aoo 

.45 

1.86 

.56 

L83 

L08 

1.54 

1.00 

1.28 

a60 

2.50 

.85 

1.70 

.60 

1.12 

.70 

1.30 

.74 

2.51 

1.05 

1.36 

.35 

1.00 

.28 

L07 

.22 

1.73 

.38 

1.20 

.35 

1.57 

.78 

1.40 

.82 

1.17 

.65 

1.00 

.53 

1.11 

.65 

1.76 

.54 

1.06 

.58 

1.43 

.44 

1.76 

.95 

2.04 

1.20 

1.14 

.45 

1.02 

.58 

1.23 

.62 

1.58 

.75 

L47 

.62 

LIO 

.85 

1.49 

.60 

1.26 

.25 

1.97 

.32 

Feet. 
7.6 
6.3 
5.8 
7.0 
6.5 

12.0 
5.8 
7.2 

11.6 
5.7 
4.5 
5.0 
8.5 
6.8 

12.8 

13.5 
7.0 
9.2 

lao 

11.5 
11.0 
12.5 
9.7 
9.5 
9.7 
7.3 
6.0 
8.6 
9.0 
8.2 
8.8 
10.0 
9.1 
10.8 
8.0 
7.8 
7.5 
5.9 
9.5 
8.8 
8.6 

lai 

14.9 
8.8 
8.2 

10.9 
7.5 

13.2 
8.4 
8.5 
8.7 
7.0 

13.5 

10.8 
9.2 


Normal 
rise. 


Actual 
rise. 


Feet. 

9.5 
15.5 

9.7 
10.9 
13.8 
13.3 

lao 
lao 

19.4 
16.2 
18.9 
12.6 
15.5 
9.0 
7.6 
8.4 
8.1 
10.0 

ia2 

12.3 
10.1 
7.6 
11.5 
15.6 
13.1 
10.9 
21.2 
15.2 
9.5 
11.0 
21.8 
11.6 
14.4 
9.4 
14.7 
10.2 
13.3 
12.7 
9.9 
8.5 
9.4 
15.0 
9.0 
12.2 
16.0 
17.3 
9.7 
8.7 
9.4 
13.4 
12.5 
9.4 
12,7 
10.7 
16.7 


Fm. 

4.8 
13.5 
7.9 
8.8 
10.2 
10.7 
6.6 
8.8 
15.9 

ia9 

8.0 
8.6 

lao 

5.0 
4.4 

6.1 
5.7 
2.2 
7.8 
&3 
2.7 
3.6 
6.7 
6.4 
4.6 
5.7 
18.9 

ia2 

3.7 
4.8 

12.2 
8.5 

12.0 
7.2 

11.5 
7.2 
6.7 
9.9 
4.8 
4.0 
8.8 

10.4 
8.9 
8.6 
7.0 
7.2 
6.0 
4.6 
5.2 
6.9 
7.2 
6.5 
7.1 
8.4 

14.0 


Hi'^est  kkHiditioc 
stage.    I    of  soiL 


Feet. 
12.4 
188 
13.7 
15.8 
16.7 
22.7 
12.4 
16.0 
27.5 
16.6 
12.5 
&6 
18.5 
11.8 
17.2 
19.6 
12.7 
IL4 
17.8 
Id.8 
13.7 
16.1 
16.4 
15.9 
14.8 
18.0 
19.9 
18.8 
12.7 
18.0 
3L0 
1&5 
21.1 
18.5 
19.5 
15.0 
14.2 
15.8 
18.8 
12.8 
12.4 
20.5 
18.8 
16.9 
15.2 
18.1 
18.5 
17.8 
13.6 
15.4 
15.9 
18.5 
20.6 
19.2 
23.2 


...do.. 
...do.. 
...do.. 
Moist. 

M^'. 
...do.. 

...do.. 
Moist. 
...do.. 
...do.. 
...do.. 
Dry... 
Wet- 
Moist. 
...do.. 
...do.. 
...do.. 

...do.. 

Moist. 

...do.. 
...do.. 
Moist. 

...do.. 
Moist. 
Dry... 
Moist. 
Dry... 
Moist. 
...do.. 
...do.. 

...do.. 
...do.. 
Moist. 

m3u. 

...do... 
...do.. 
Wet... 
...do.. 
...do.. 


Character 
oirain. 


Showers. 

Steady. 

Slow. 

Showers. 

Steady. 

Da 

Da 

Da 

Da 

Do. 

Da 

Da 

Da 

Da 
Slow. 
Showers. 
Steady. 
Sliowers. 
Steady. 
Showers. 
Steady. 

Da 
Showers. 

Da 

DtL 

Da 

Steady. 
Slow. 

Da 
Showers. 
Steady. 
Showers. 

Da 

Da 
Steady. 
Showers. 
Steady. 
Siio^er:>. 
Steady. 
Showers. 
Steady. 
Showers. 

Da 

Da 
Steady. 

Da 

Da 
Showers. 

Do 
Slow. 
Steady. 

Da 
Slow. 
Steady. 

Da 
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Table  5. — Relation  of  the  mean  of  tlte  river  stayca  at  Carlton  and  Calhoun 
Falls  to  the  ultimate  maximum  stage  at  Augusta. 


Augusta  24  hours  later. 

Carlton+ 
Calhoun 

Falls. 

WUl 

But  not 

readi— 

ovor—     1 

FeeL 

Feet, 

Feet, 

5 

18 

22 

« 

20 

25    j 

7 

21 

27 

8 

22 

28 

9-10 

25 

32 

11-12 

26 

33    i 

13-14 

28 

34 

15-16 

20 

34 

17-18 

30 

35 

19-20 

31 

36 

21-22 

32 

37    ' 

23-24 

33 

37    , 

2&-26 

34 

38 

27-28 

37 

39 

2»-30 

38 

40 

Tabjjb  a  - 


'Rise  to  he  expected  in  the  Savannah  River  at  Augusta,  Qa,,  for  va- 
rious rates  of  rise  per  hour. 


MaximuiD 

stace     ex- 

Ifaxfanum     stace     ex- 

1    pected  to  be  between  1 
;     !»  and  .10  feet. 

pected 
feet. 

to  be  over  30 

'    Hourly 

Indicates 

Hourly 

Indicates 

rise. 

further  rise. 

rise.' 

further  rise. 

Feet. 

Feet. 

A«. 

Feet. 

0.1 

0.5  or  less. 

ai 

1.0  or  less. 

.2 

1.0  to  1.5 

1.0  to  2.0 

.3 

L0to3.0 

3.0to  5.0 

.4 

2.0  to 3.0 

3.5  to  5.0 

.5 

3.0  to  5.0 

3.5to  6.5 

.6 

3.0  to  5.6 

4.0to  6.0 

.  t 

3.0to6.0 

5.0  to  7.0 

.8 

4.0to8.0 

6.0 to  8.0 

LO 

6.0tol0.0 

1.2 

8.0tol2.0 

1.3 

0.0  to  13.0 

WIND  VELOCITY  AND  ELEVATION. 

By  W.  J.  HUMPHREYS. 

Professor  of  Meteorological  Physics,  U,  8.  Weather  Bureau,  Washington,  D.  C. 

0B8EBYATI0N8. 

Everyone  knows  that  the  wind  increases  with  increase  of  elevation.  Even 
casual  observations  of  such  objects  as  sails  of  ships,  tops  of  trees,  columns  of 
smoke,  or  isolated  clouds  suffice  to  show  qualitatively  that  wind  velocity  in- 
creases with  height  above  the  surface,  while  measurements  made  by  triangola- 
tion  on  freely  drifting  clouds  and  balloons  or  by  anemometry  on  tethered 
kites  fully  support  the  conclusions  reached  by  the  simpler  methods  Just  men- 
tioned.   Near  the  surface  of  the  earth,  up  to  from  2  to  8  meters  over  an  open 
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plane,  the  condition  of  the  wind  upon  whose  force  this  limit  d^)end8  may  be 
summarized  as  follows: 

Actual  velocity,  exceedingly  irregular. 

Average  velocity,  increases  rapidly  with  elevation. 

Rate  of  velocity  increase — (o)  increases  with  average  velocity;  (b)  de- 
creases with  elevation. 

Alove  the  turbulent  surface  layer  the  wind  increases  so  nearly  regularly 
with  elevation  that  its  approximate  velocity  at  any  level  up  to  16  meters  may 
be  computed,  according  to  Stevenson/  from  its  observed  velocity  at  some  other 
height  by  the  empirical  equation — 


V^v. 


'V 


H+72 


ir+72 

In  which  V  is  the  computed  wind  velocity  for  the  level  H  in  terms  of  the  known 
velocity  V  at  the  height  h,  both  elevations  being  expressed  in  feet. 
If  the  lieights  are  given  in  meters,  this  equation  becomes — 


r-u 


'V 


^^+22 


h+22' 

Other  empirical  equations  expressing  the  relation  of  wind  velocity  to  dera- 
tion have  been  given  for  greater  heights.  Archibald,*  for  instance,  finds  that  his 
velocity  observations  between  100  and  000  meters  elevation  fairly  8atisf;y 
the  simple  equation — 

Shaw*  suggests  as  a  likely  formula — 

in  which  V  is  the  wind  velocity  at  the  height  H  above  ground,  V%  the  observed 
anemometer  velocity,  and  a  a  constant,  obviously  depending  upon  the  surround- 
ing topography,  anemometer  exposure,  and  perhaps  other  factors. 

Among  the  most  interesting  observations  on  the  relation  of  wind  velocity  to 
altitude  are  those  of  Dr.  Cesare  Fabris,*  based  on  some  200  pilot  balloon  flights 
made  at  nearly  equal  intervals  during  the  year  June,  1910,  to  May,  1911,  at  Vigna 
di  Valle,  principal  aerological  station  of  the  9oyal  Italian  Oceonographlc  Com- 
mittee. The  coordinates  of  this  station  are  N.  42'  04'  41" ;  B.  12'  12'  43" ;  alti- 
tude, 272.4  meters.    It  therefore  is  about  40  kilometers  northwest  of  Rome. 

The  general  results  of  all  the  observations  are  summed  up  in  figure  1,  which 
shows  four  distinct  regions : 

(o)  The  region  of  rapid  linear  increase  of  velocity  with  increase  of  altitude, 
extending  from  the  surface  (272  meters  above  sea  level),  where  the  velocity  Is 
least  to  an  elevation  above  ground  of  roughly  300  to  500  meters.  This  obviously 
is  the  region  in  which  the  winds  are  affected  by  surface  friction  and  the  re- 
sulting turbulence.  Clearly,  too,  the  average  number  of  eddies  and  their  conse- 
quent effect  on  velocity  must  rapidly  decrease  with  increase  of  elevation,  at  least 
near  the  surface,  substantially  as  indicated  by  the  given  velocity-altitude 
curves. 

(6)  The  region  of  velocity  decrease  with  increase  of  altitude;  about  200 
meters  thick  and  coming  immediately  above  a.    It  is  not  certain  whether  this 

>Jr.  Scot.  Meteor.  Soc..  6,  p.  848,  1880. 

*  Nature,  83,  p.  598,  1885. 

*  Advisory  Committee  for  Aeronautics,  Reports  and  Memoranda,  66,  No.  9,  p.  8,  1909. 

*  B.  Comitato  Talassograflco  Itallano,  Memoria,  8,  pp.  87-46,  1912. 
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decrease  Is  only  a  local  phenomenon,  or  one  of  very  general  occurrence,  and 
therefore  any  attempted  explanation  of  it  would  be  premature. 

(c)  A  region  of  Irregular  winds  slowly  Increasing  with  Increase  of  altitude; 
extending  roughly  from  about  500  to  1,500  meters  above  the  surface.  These 
conditions  are  of  very  general  occurrence  between  the  levels  given.*  The  irregu- 
larity probably  is  due  to  that  frequent  convectlonal  mixing  induced  during  the 
day  by  insolation  and,  at  night,  by  cloud  evaporation. 

(d)  A  region  of  approximately  constnnt  iiuTonse  of  velocity  with  increase 
of  elevation,  beginning  at  about  1,500  meters  nl)ove  the  surface  and  extending 
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Fio.  1.— Relallons  of  wind  velocity  to  elevation,  after  Fabris. 

to  at  least  the  maximum  height  observed — 5,000  meters.  The  wind  velocities 
of  this  region,  being  ont  of  the  reach  both  of  friction  and  convectlonal  dis- 
turbances, are  determined  by  the  prevailing  horizontal  pressure  gradients. 

Cloud  and  balloon  observations  show  that  increase  of  wind  velocity  with  in- 
crease of  altitude,  beyond  1,500  to  2,000  meters  above  the  surface,  holds  prac- 
tically to  the  top  of  the  troposphere,  where  the  velocity  in  middle  latitudes 
may  amount  to  as  much  as  90  meters  per  second  (200  miles  per  hour)  or  even 
more. 

1  Bersoii»  Wlssenschaftlicho  Loftlabrteo.  8,  p.  205.  1900. 
68436~voi.ii— 17 44  ^  , 
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At  higher  levelB — that  is,  in  the  stratoephere — ^the  average  Telocity  is  de- 
cidedly less. 

HOBIZONTAL  PaBSSUBB  OBADISNT  AND  KUEVATION. 

All  these  facts  are  well  known,  but  there  are  no  generally  accepted  and  satis- 
factory discussions  of  the  reasons  why  the  average  wind  velocity  at  levels  above 
the  limit  of  appreciable  surface  influence  should  go  on  Increasing  with  increase 
of  elevation  up  to  the  isothermal  level  and  then  decrease.  Indeed,  data  suffi- 
cient for  a  complete  solution  of  this  problem  are  not  yet  available,  and  it  is 
only  recently  that  enough  facts  have  become  known  to  indicate  at  all  clearly 
the  several  links  in  the  chain  of  cause  and  effect  that  determines  the  average 
atmospheric  movements  in  middle  and  higher  latitudes. 

Because  of  the  actual  distribution  of  insolation  over  the  earth  the  temperature 
of  the  lower  atmosphere,  as  shown  by  observation.  Is  warmest,  on  the  average, 
in  equatorial  regions  and  coldest  beyond  the  polar  circles,  with  intermediate 
values  over  middle  latitudes.  Hence,  since  the  temperature  of  the  air  above  the 
earth  depends  mainly  upon  convection  and  radiation  from  below,  it  follows  that 
the  latitude  distribution  of  temperature  In  the  upper  air  must  be  substantial^ 
the  same  as  that  at  the  surface ;  that  is,  warmest  within  the  Tropics  and  coldest 
in  the  polar  regions,  with  intermediate  values  between.  And  this,  indeed,  ac- 
cording to  kite  and  balloon  records,  does  apply  at  each  level  up  to  10  to  12 
kilometers,  or  to  fully  three-fourths  of  the  air  mass.  At  much  higher  levelK. 
15  to  20  kilometers,  for  reasons  that  need  not  be  discussetl  here,  the  rare  atmos- 
phere Is  coldest  over  equatorial  regions  and  warmest  over  high  latitudes.  ThiK 
inverse  condition,  however,  does  not  apply  to  the  winter  ami  summer  atmos- 
pheres of  the  same  place,  nor  to  those  of  neighboring  places  on  approximate^ 
the  same  latitude. 

As  a  crude  first  approximation  to  conditions  as  they  actually  exist,  assume 
(1)  that  the  temperature  distribution  is  the  same  along  all  meridians;  (2)  that 
the  temperature  change  from  one  latitude  to  another  is  the  same  for  all  levels ; 
and  (3)  that  sea-level  pressure  is  the  same  at  all  latitudes. 

Assumption  1  approximates  the  conditions  over  much  the  greater  portion  of 
the  Southern  Hemisphere,  but,  on  account  of  the  irregular  distribution  of  land 
and  sea,  has  to  be  modified  for  any  detailed  study  of  the  winds  of  the  Northern 
Hemisphere.  Assumption  2  conforms  roughly  to  average  conditions  between  the 
thermal  equator  and  latitude  50° — 60",  except  near  the  surface  and  at  alti- 
tudes above  10  to  12  kilometers.  This  is  well  shown  by  figure  2,  referring  to  the 
Northern  Hemisphere  during  its  summer,  and  copied  from  Stiring's  paper  >  on 
the  present  state  of  knowledge  concerning  the  general  circulation  of  the  atmos- 
phere. Assumption  8,  as  applied  to  normal  pressure,  is  also  approximately  true, 
except  for  restricted  areas,  whose  secondary  and  local  effects  will  not  here  be 
discussed. 

Consider  an  atmosphere  of  the  same  composition  throughout  and  having 
initially  the  same  temperature  at  any  given  elevation  resting  on  a  horizontal 
plane.  Let  the  temperature  be  uniformly  increased  from  north  to  south,  say, 
and  by  the  same  amount  from  top  to  bottom,  thus  simulating  the  temperature 
distribution  that  actually  obtains  in  the  earth's  atmosphere  over  middle  lati- 
tudes, as  above  explained.  Find  the  resulting  horizontal  pressure  gradient  at 
the  different  levels. 


Zett^chrift  der  Gesel.  fllr  Brdkande.  p.  600.  1918. 
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'At  the  height  h  the  horizontal  pressure  gradient,  -J^,  obviously  directed  from 

the  warmer  toward  the  colder  region,  te  very  approximately  given  by  the 
equation — 

drT^HL 

in  >  which  L  is  any  given  horizontal  distance  along  which  dn  is  taken,  p  the 
presem^  at  the  level  A,  above  the  colder  end  of  Ly  aA  the  difference  of  vertical 
expansion  of  the  air  below  the  level  In  question  at  the  ends  of  L,  or  difference 
of  distance  through  which  the  level  whose  original  pressure  was  p  was  lifted 
at  these  two  places,  and  U  the  virtual  height  of  the  atmosphere,  approximately 
8  kilonieters,  or  height  it  would  have  above  any  point  If  from  there  up 
it  had  the  density  which  obtains  at  that  point.  The  negative  sign  is  used 
because,  the  pressure  decreases  as  n  (measured  from  a  warmer  toward  a  colder 
region)  increases.  For  simplicity  let  L  be  In  the  direction  of  maximum  rate 
of  horiaontal  temperature  change,  north — south,  in  this  case. 


Fio.  2.— RelatiOD  of  t«mperatiire  to  altitude  and  latltade  (N.  Hem.,  Bunimer)  after 

soring. 

Under  the  assumed  conditions,  M»aiA7Vi,  approximately,  in  which  a  is  the 
average  coefficient  of  volume  expansion  of  the  atmosphere  below  the  level  A, 
and  AT  the  difference  of  temperature  change  at  the  ends  of  L. 

At  any  two  levels,  then,  h  and  h\  the  horizontal  pressure  gradients  In  the 
same  direction  are  given  approximately  by  the  respective  equations : 

_rfg    pai\Th 
drT    EL 
i^d 

dn"      WL      ' 
But  L  may  be  taken  the  same  in  both  equations,  while  a,  H^  and  AT  generally 
are  not  greatly  different,  respectively,  from  a',  E^,  and  AT'.    In  reality — 

H      T 


Digitized  by  VjOOQIC 


694       PBOGEEDINOS  SECOND  PAN   AMERICAN  SCIENTIFIC  COKGBESS. 

and  a'  is  slightly  greater  than  a  when  T'  is  less  than  T.    But  in  this  case  It 
appears  from  observbtions  that  actually  A  7^  is  slightly  leas  than  AT;  eo  that— 

dp 


^-^,  approximately. 


dn 

Again,  from  the  5  to  the  10  kilometer  level,  and  even  to  some  distance  below 
tlie  former  and  above  the  latter — 


^-^- ,  roughly. 
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Fio.  3. — Relation  of  pressure  JTHdlent  to  alUiiide  and  Utitude  (N.  Kem.,  Summer) 

.i(t©r  sarins. 
Jionce,  commonly — 

dp 

dn     Wh    ,  .         . 

l^^'W^^'  approximately. 

dn 
That  is,  through  these  levels,  or  from  below  5  kilometers  to  above  10  kilo- 
meters, the  horizontal  pressure  gradient  established  by  the  temperature  dif- 
ference between  adjacent  regions  of  air  is  roughly  constant.  This  conclusion 
is  fully  supported  by  observations,  as  shown  by  figure  3,  referring  to  the  North- 
ern Hemisphere  during  its  summer,  and  also  copied  from  Saring*s  paper." 

iLoc.  cit 
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LEVEL    OF    MAXIMITM    HORlZOi^TAL    PRK8SUBE    OBADIENT. 

The  approximate  level  of  the  moximam  horizontal  gradient  may  be  found 
08  follows: 
As  jnst  explained,  in  the  equation — 

dp    paJATh 
"dn"     HL 

the  factor  "j^t,  is  roughly  constant.    Writing  Q  for  the  gradient  and  K  for  the 

'  constant/'  the  equation  takes  the  form,  Q'^Kp  h.    Hence  O  has  a  maximum  value 
when  p  dA—  — *  dp. 
But, 

-dp^p  jj 

^  Hence  the  pressure  gradient  is  steepest  when — 

p  dh^B-Q  p  ahf 

that  is,  when  h^H^S  kilometers,  roughly. 

The  following  is  a  slightly  different  method  of  arriving  at  the  same  con- 
clusion : 

The  maximum  horizontal  pressure  gradient  resulting  from  a  constant  tem- 
perature difTerence  between  two  neighboring  columns  of  air  obviously  is  at  that 
level  at  which  the  vertical  pressure  is  most  changed  by  the  expansion  of  the 
air  below  due  to  a  constant  temperature  increase. 

Let  h  be  any  height  and  let  a  be  the  average  coefficient  of  volume  expansion 

of  the  air  below  this  level.  Then  Aft=>a'A,  nearly,  and  Ap=>pg^^pga^h,  nearly*  in 
which  p  is  the  density  of  the  air  at  the  level  A,  and  g  the  local  gravity  acceleration. 

But  p^C  Pf  in  which  C  is  a  constant,  and  Ap~p  C  g  (fih^K p  h,  say,  in  which 
K  may  be  regarded  as  a  constant. 
Hence,  as  before,  Ap  has  its  maximum  value  when — 

p  ef^ss  — ^  ^P^ff  V  ^' 

That  is,  the  horizontal  gradient  is  steepest  when  h=^H,  But,  as  is  well  known, 
J7=8  kilometers,  approximately.  Hence  the  horizontal  pressure  gradient,  re- 
sulting from  a  temperature  distribution  substantially  that  which  actually 
obtains  in  the  atmosphere,  is  greatest  at  a  height  of  about  8  kilometera 

CONSTANCY   OF   MASS   FLOW — ^BQNELL'S   LAW. 

At  a  distance  above  the  surface  of  the  earth  sufficiently  great  to  avoid 
appreciable  retardation  due  to  friction  and  turbulence — that  is,  at  elevations 
greater  than  2  kilometers  (usually  less) — the  wind  obviously  must  blow  in  such 
direction  and  with  suc|^  velocity  that  tliere  is  an  approximate  equation  be.tween 
the  pressure  gradient  on  the  one  hand  and  the  combined  centrifugal  force  and 

deflection  force  due  to  rotation  on  the  other.  Hence,  at  these  levels,  ^^^  the 
maximum  horizontal  pressiure  gradient. 

??—— pr(2«  sin  ^+^  tan  ^),  approximately, 

afl  K 

in  which  p  is  the  density  of  the  air  at  the  level  under  consideration,  V  the 
wind  velocity,  w  the  anj^ular  velocity  of  rotation  of  the  earth,  ^  the  latitude, 
and  R  the  radius  of  the  earth 

A  little  calculation  shows  that  the  s<^<'on(l  tenn  In  the  parenthesis  is  always 
small,  except  In  very  high  latitudes.  In  comparison  with  the  first.    Thus,  for  a 
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22.4  meters  per  8(H,*ond  (50  miles  i>er  hour)  west  wind  at  latitude  45",  the  first 
is  about  thirty  times  greater  than  the  second.    Hence,  under  these  condltiona — 

^«— pF  2  w  sin  ^,  approximately, 

Hut,  as  Just  explained,  the  horizontal  pressure  gradient    -^,  is  roughly  oon* 

slant  between  5  and  10  kilometers  elevation.  Hence,  at  any  given  latitude,  pV, 
the  mass  flow,  or  mass  of  air  crossing  unit  normal  area  per  unit  time,  tends  to 
remain  constant  with  change  of  altitude  from  4  to  5  kilometers  above  sea  le^ 
up  to  the  isothermal  region.  In  other  words,  through  this  region,  pV,  at  alti- 
tude h  equals  p'V  at  altitude  h\  nearly.  This  relation  between  the  density 
and  velocity  of  the  atmosphere  at  different  levels  Is  known  as  Egneirs  law/ 
determined  empirically  by  himself,  and  also  previously,  by  H.  H.  Clayton,*  from 
cloud  observations.  Obviously,  pV  has  a  maximum  value  at  that  level  at  which 
the  horizontal  pressure  gradient  is  a  maximum ;  that  is,  at  about  8  kllometefs 
above  sea  level. 

RKTjkTION  OF  VKLOCITT  TO  ALTITUDB  ABOVB  6  KnX>l»TEBa 

Obviously,  if  the  temperature  Is  constant,  as  for  simplicity  we  may  assume 
it  to  be— - 

But,  as  already  seen,  under  this  condition  of  constant  temperature,  through 
a  considerable  range  of  altitude — ^that  is,  from  below  5  to  above  10  kilo- 
meters— 

£«^,  roughly. 
Hence — 

^-^.  rougjdy. 

Therefore — 

TO«=r?f  approximately, 

or  the  velocity  of  the  wind  through  the  levels  In  question  is  roughly  propor- 
tional to  the  altitude. 

Above  the  Isothermal  level  over  the  regions  between  the  thermal  equator  and 
latitude  50^-GO^  the  horizontal  temiierature  gradient  decreases  and  presently 
even  reverses  with  increase  of  elevation,  as  shown  by  figure  2;  and  therefore 
the  corresponding  pressure  gradient  also  decreases,  as  shown  by  figure  8. 
Hence  the  mass  flow,  pV,  likewise  decreases  with  elevation  above  this  critical 
level.  Further,  the  decrease  of  the  horizontal  pressure  gradient,  and,  con- 
sequently, of  pF,  with  altitude  In  the  stratosphere  appears  usually  to  be 
more  rapid  than  that  of  the  density  alone,  from  which  It  follows  that  the 
wind  velocity  generally  must  have  Its  maximum  value  at  or  below  the 
isothermal  level. 

>a  Bh  186,  p.  860,  1908. 

•AflMT.  Ifetmr.  Jour.,  10,  p.  117,  189S. 
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THB  COLLECTION  OF  EARTHQUAKE  DATA  IN  THE  UNITED 

STATES. 

By  W.  J.  HUMPHREYS, 
Profe99or  of  MeteoroloffiocU  Physics,  U,  8.  Weather  Bureau,  Washington,  D.  C. 

There  are  several  reasons  for  collecting  earthquake  data.  Among  them  the 
fact  that  from  the  kinds  of  waves  transmitted  through  the  earth  and  th^ 
velocities  much  may  safely  he  inferred  in  regard  to  its  physical  properties. 
Some  of  the  conclusions  thus  reached  only  confirm  those  obtained  from  astro- 
nomical observations,  but  others,  especially  those  that  differentiate  between 
layers  of  different  depths,  have  not  been  reached  in  any  other  way.  For  this 
important  purpose — namely,  the  detection  of  the  physical  properties  of  the 
earth — it  obviously  is  necessary  that  seismic  disturbances  be  permanently  re- 
>?orded  at  a  number  of  stations;  that  the  time  at  which  each  portion  of  tlie 
record  was  made.be  known;  that  the  record,  however  magnified,  shall  repre- 
sent as  neary  as  possible  only  the  actual  movements  of  the  earth ;  and  that  all 
f'omponents  of  the  motion,  horizontal  aiid  vertical,  be  registered. 

Data  possessing  any  of  these  features  require  the  use  of  suitable  Instruments, 
while  data  possessing  all  desirable  qualities  may  be  obtained  only  with  very 
t'laborate  apparatus.  Hence,  in  order  that  the  records  obtained  may  be  of  much 
value  to  the  science  of  geophysics,  it  is  necessary  that  excellent  instrumental 
equipments  be  installed  at  a  number  of  widely  scattered  localities,  and  that  they 
be  kept  in  perfect  condition  and  continuous  operation  year  in  and  year  out 
over  an  indefinite  period  of  many  decades. 

A  beginning  in  this  direction,  often  with  imperfect  equipment  and  inadequate 
attention,  has  already  been  made  in  several  parts  of  the  world,  and  while 
many  stations  are  dropping  out  of  the  active  list  others  with  improved  ap- 
paratus fortunately  are  being  established,  so  that  it  seems  reasonable  to  antici- 
pate for  the  near  future  a  suflicient  number  of  well-equipped  and  properly 
tended  stations  to  supply  all  the  necessary  Instrumental  records — records  that 
far  more  need  to  be  accurate  and  reliable  than  merely  numerous. 

The  seismographs  in  the  United  States,  so  far  as  generally  known,  are  listed 
In  Table  1.    Not  all  of  them,  however,  are  in  active  operation. 

Table  1. 


Place. 


Albany.  N.Y 

Ann  Arbor,  Mioh. 


Baltimore,  Md. 

Batti,Me 

Berkeley,  Cal.. 


B<mUja,UtM 

Bi]f&ao,N.Y 

Oambrldge.Man.. 
'^  —  -'^  — ,Md.. 


ChicaKo,m 

CleTettnd,  Ohio. 
DanylUe.IU.... 

DeoTer.Colo 

Itliaea,N.Y.... 
Lawrence,  Kans 
Lo8QatOi,Cal.. 
Mare  Island,  Cal 


MiUaCoUege,CaI J  >Mflls  College. 

Mflwaokee,  Wif ^  "        -^^' 

Mobile,  Ala 

Mount  Hamfltoo,  Cal 


InsUtutloo  and  director. 


New  York  State  Moseum,  Dr.  J.  M.  Clarke. 
University  of  Michigan,  Prof.  W.  J.  Hoasey . . 

Johns  Hopkins  University,  Dr.  H.  F.  Reld.. 

Private,  L.  8.  Metcalf 

University  of  California,  Prof.  A.  C.  Lawson . . 


Massachusetts  Institute  of  Technology 

Canishis  College,  John  A .  Cortin 

Harvard  University,  Prof.  J.  B.  Woodworth.... 
United  States  Coast  and  Geodetic  Survey,  George 
HartneU.  • 

Loyola  University,  Thos.  A.  Kelley..... 

St.  Ipiatlus  College,  Rev.  F.  L.  Odenbaoh 


Sacred  Heart  CoUege,  A.  W.Forstall 

ComeU  University,  Prof.  H.  RIes 

University  of  Kansas,  Dr.  F.  B.  Keeter 

Private.  I.  H.  Snyder 

United  States  Naval  Observatory,  T.  J.  J.  See.. 


Marquette  university ,  Rev.  J.  L.  McGeary 

Spring  Hill  College,  Rev.  Cyril  Rohlmann 

Lick  Observatory,  University  of  California, 
Prof.  W.  W.  Campbell. 


Make  of  instraments. 


Bo8ch«Omori. 
Boidi-Omori  and  Wlediert 

horlsontal  and  vertical. 
Milne  and  Bosoh-Omori. 
Omorl. 
Wiechert,  Bosoh-Omorl, 

and  Marvin. 
Bosch^morl. 
Wiechert. 
BoBOh-OmorL 
Da 

Wiechert. 
Da 

WIediert. 

Boecii-Omorl. 

Wiechert. 

Original  doplez. 

Bosch-OmorL 

Ewlng  duplex. 

Wiechert. 

Da 

Da 
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Tablb  I — Continued. 


Plaoe. 


InsUtiitkin  and  dlreeCor. 


Make  of 


New  Haven.  Ccnn . . . 
New  York,  N.Y 

Do.... 

Do 

NorthflekLVt 

OmUand,Cal 

Prinoetoo,  N.  J , 

Point  Loms,  Cal 

Reno,  Nev 

St.  Loab^Mo 

8t.  Maryt,  Kans 

8alt  Lake  City,  Utah. 

fionJoeeyCal 

8anta  Clara,  Cal 

Seattle,  Wash 

Spokane,  Wash 

Swarthmore,  Pa 

Toeson,  Aril 

Waihlnstoii,D.C..., 
Do 

Woroeiter,  Mass , 


YaleUnlyertltT,L.lf.Tarr 

New  York  Academy  of  Seiences,  Dr.E.  O.  Hovey . 

Fordham  University,  W.  C.  Repetti 

Jesuit  College,  BrooVlyiKC.  A.  tforphy 

United  States  Weather  Borean,  Wm.  A.  Shaw... 
Chabot  Observatory,  pabllc  schools,  Chas.  Bnrek« 

halter. 

Princeton  University,  Prof.  W.  B.  Scott 

RalaYora  Academy,  F.  J.  Dksk 

University  of  Nevada,  Prof.  J.  C.  Jones 

St.  Louis  University,  J.  B.  Goesse 

St.MarysC<rfksge 

Unlverstty  of  Utah,  Prof.  F.J.  Pack 

University  of  the  Pacific,  Prof.  L.  S.  Kroeok.... 

Universityof  Santa  Clara,  J.  S.Ricard 

University  of  Washington,  Prof.  Henry  Landee. 

Gonzaca  College,  E.  If.  Bacigalapi 

Swarthmore  CoUem,  Prof.  J.  A.  Jf  flier 

United  States  Coast  and  Geodetic  Survey,  F.  P. 

Ulrich. 
United  States  Weather  Bureau.  C.  F.  Marvin. . . 
Georgetown  University,  F.  A.  Tondorf 

Holy  Cross  College,  L.  J.  Haubert 


Bosdi-OnNfl. 

Matojra.^ 

Wieelierl. 

Da 
Boaph-Omorf. 
Ewingduplez. 


Wefts 

Ewingduplez. 

Wiechert. 

Do. 
Boaob-OmcrL 
Ewingduplez. 
Wiechert. 
Bosch-OiBOrL 
Wiechert. 
Mifaie. 
Boeeh-OmerL 

Marvin. 

Wiechert,  Boseh-OoMrl, 

andMabka. 
Wiechert. 


The  aid  which  seismic  records  lend  to  tlie  study  of  geophysical  problCTis, 
while  of  the  higest  importance,  is  not  their  only  practical  use.  They  serve  the 
geographic  purpose  of  locating  the  regions  of  relatively  frequent  and  r^atively 
iufk^uent  seismic  action,  and  often  of  even  finding  the  pfirticalar  breaks  or 
fablts  in  tlie  crust  to  which  recurring  earthquakes  are  due. 

Detailed  information  in  regard  to  the  exact  location  and  activity  of  faults 
may  be  of  little  aid  to  the  geopliysiclst  in  his  study  of  the  rigidity  and  other 
physical  properties  of  the  earth,  but  they  are  of  great  value  to  the  architect, 
the  engineer,  and  the  business  man.  To  such  men  especially,  as  to  every  one  in 
greater  or  less  degree,  it  is  important  to  know  as  definitely  as  possible  what 
places  are  relatively  safe  and  what  ones  are  distinctly  unsafe  for  the  location  of 
dams,  bridges,  aqueducts,  and  all  other  structures  of  important  public  use. 
Such  structures  obviously  should  not  be  allowed  to  span,  nor  even  to  stand  close 
to,  an  active  geologic  fault  whenever  a  safer  location  is  available.  Neverthe- 
less buildings  of  all  sorts  frequently  have  to  be  constructed  in  regions  of  marked* 
even  great,  selsmlclty,  for  these  are  some  of  the  best  and  most  fruitful  parts  of 
the  earth.  Hence  the  architect  should  know  the  region  in  which  his  plans  are 
to  be  used,  for  a  structure  tliat  would  be  acceptable  in  a  quiescent  region  might 
be  a  source  of  the  greatest  danger  and  therefore  wholly  unucc^table  in  a  re- 
gion frequently  visited  by  earthquakes. 

Unfortunately,  however,  such  detalleil  information  as  the  engineer  needs  re- 
quires the  cooperation  of  a  great  many  observers,  far  more  than  it  would  be  at 
all  practicable  to  supply  with  delicate  instructions,  even  if  the  requisite  number 
of  persons  competent  and  willing  to  look  after  such  apparatus  could  be  found. 
On  the  other  hand,  expensive  equipments  are  not  essential  to  this  mere  geo- 
graphical feature  of  seismological  worj^.  Indeed,  much  of  profit  can  be  done,  in 
fact  much  has  been  done,  without  instruments  of  any  kind.  Clearly,  however,  to 
be  done  well,  work  of  this  nature  being  of  value  to  all  sections,  should  be  un- 
dertaken by  National  Governments,  cooperating,  if  practicable,  with  each  other. 
But  how  shall  a  government  fulfill  this  function?  Through  what  agency  shall  it 
operate  in  gathering  the  data  necessary  to  the  construc^on  of  seismological 
maps?  Each  government  of  course  must  answer  these  questions  in  its  own 
wny.    In  the  case  of  the  United  States  many  have  long  recognized  that  of  the 
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various  Federal  scientiflc  institutions  the  Weather  Bureau  is  the  best  fitted  to 
undertake  this  work  because  it  already  has  aiyproximately  200  principal  sta* 
tions  widely  scattered  over  the  entire  country,  manned  by  trained  observert 
who  give  their  entire  time  to  the  public  service.  In  addition  it  also  receives  re- 
ports regularly  from  over  4,000  cooperative  observers.  The  Weather  Bureau, 
therefore,  has  the  necessary  organization  for  the  systematic  and  continuous  col- 
lection of  seismologlcal  data,  both  instrumental  and  noninstrumental,  an  organi- 
sation that  amply  Justified  Ck>ngress  in  authorizing  it  to  do  this  worlc. 

At  present  this  bureau  has  also  the  kind  and  valuable  cooperation  of  the  di- 
rectors of  the  following  seismograph  stations,  whose  reports  are  regularly  sup- 
plied for  publication  in  the  Monthly  Weather  Review: 

Canlslus  College,  Buffalo.  N.  Y.,  John  A.  Curtin,  S.  J. 

Harvard  TTnlversity,  Cambridge,  Mass.,  Prof.  J.  B.  Woodworth. 

United  States  Coast  and  Geodetic  Survey,  Cheltenham,  Md.,  George  HartnelL 

Sacred  Heart  College,  Denver,  Colo.,  A.  W.  Forstall,  S.  J. 

United  States  Coast  and  Geodetic  Survey,  Honolulu,  Hawaii,  W.  W.  Mer- 
rymon.  # 

University  of  Kansas,  Lawrence,  Kans.,  Dr.  F.  B.  Kester. 

Fonlham  University,  New  York,  N.  Y.,  W.  C.  Repetti,  S.  J. 

United  States  Weather  Bureau,  Northfield,  Vt,  Wm.  A.  Shaw. 

Chabot  Observatory,  Public  Schools,  Oakland,  Oal.,  Chas.  Burckhalter. 

Isthmian  Canal  Commission,  Balboa  Heights,  Panama  Canal  Zone. 

Raja  Yoga  Academy,  Point  Loma,  Cal.,  F.  J.  Dick. 

St  Louis  University,  St  Louis,  Mo.,  J.  B.  Goesse,  S.  J. 

University  of  Utah,  Salt  Lake  City,  Utah,  Prof.  F.  J.  Pack. 

University  of  the  Pacific,  San  Jose,  Cal.,  Prof.  L.  S.  Kroeck. 

United  States  Coast  and  Geodetic  Survey,  Sitka,  Alaska,  J.  W.  Green. 

United  States  Coast  and  Geodetic  Survey,  Tucson,  Ariz.,  F.  P.  Ulrich. 

United  States  Weather  Bureau,  Washington,  D.  a,  Prof.  C.  F.  Marvin. 

Georgetown  University,  Washington,  D.  C,  F.  A.  Tondorf,  S.  J. 

United  States  Coast  and  Geodetic  Survey,  Vieques,  Porto  Rico,  H.  M.  Pease. 

Dominion  Astronomical  Observatory,  Ottawa,  Canada,  Otto  Klotz. 

Dominion  Meteorological  Service,  Toronto,  Canada. 

Dominion  Meteorological  Service,  Victoria,  Canada. 

Noninstrumental  reports  are  made  on  question  cards,  of  which  the  follow- 
ing Is  a  copy : 

U.  S.  Department  of  Aqbicultube,  Weatheb  Bureau  (Sbishologt). 

Cross  oat  words  and  parts  not  applicable,  and  fill  in  all  remaining  spaces.     Use  other 
side,  if  desired,  for  additional  description  and  information. 

Date  of  earthquake : ,  19 

Time  of  beginning  (use  railroad  time) :  Hour min., ,  a.  m.,  p.  m. 

Location  of  observer: 

On  mountain,  hill,  plain,  in  valley.    Outdoors,  indoors,  1st,  2d,  8d, floor. 

State ,  town 

Street ,  No ^^— 

If  in  country,  distance ,  direction 

from (nearest  P.  O.  or  town). 

What  doing :  Lying  down,  sitting,  standing,  walking, 

Onset  of  shocks :  Abrupt,  rapid,  gradual. 

Nature  of  shocks :  Bumping,  rocking,  trembling,  twisting 

Intensity  (give  nuidber,  see  scale  on  other  side) : 

Number  of  shocks  during  earthquake : 

Duration  of  each : 
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Direction  of  vibration :  N.-S. ;  NE.-SW. ;  B.-W. ;  SE.-NW. 

Sounds :  No,  yes.    Before,  with,  after  shocks.    Faint,  loud,  rumbling,  rattling. 

Felt  by :  One,  seyeral,  many. 

Name  of  observer: 

Address  of  observer: 

[Ob  bMk  of  card.] 


Earthquake  intentities,     (Adapted  Roisi-Forel.) 


2, 


4. 


Felt  only  by  an  experienced  ob- 
server, very  faint 

Felt  by  a  few  persons  at  rest, 
faint 

Direction  or  duration  appre- 
ciable, weak. 

Felt  by  persons  walking.  Doors, 
etCt  moved. 

Felt  by  nearly  evwyooa  For* 
niture  moved. 


clocks 


6.  Bells     rung,     pendulum 

stopped.    Alarm. 

7.  Fall   of  plaster,   slight   damage. 

Scare. 

8.  Fall  of  chimneys,  walls  cracked. 

Fright 

9.  Some   houses   partly    or    wholly 

wrecked.    Terror. 
10.    Buildings  ruined,  ground  cracked. 
P«nic. 


The  necessity  for  the  detailed  study  of  certain  earthquakes  and  the  exact 
mapping  of  the  faults  to  which  they  are  due  are  fully  recognized  and  will 
be  carried  out  whenever  practicable.  It  is  believed,  howev^,  that  at  present 
all  earthquake  data,  both  instrumental  and  noninstrumental,  whether  the 
locus  of  their  origin  can  or  can  not  be  determined,  should  be  collected  and 
regularly  published,  together  wth  such  available  discussion  as  seems  profit- 
able. This  the  Weathtf  Bureau  is  now  doing,  with  the  ooopotition,  as  stated, 
of  many  private  stations,  as  listed,  for  the  United  States  and  adjacent  regions. 

The  Chairman.  I  will  ask  you  to  defer  the  discussion  of  these  two 
papers,  as  the  chairman  of  the  section,  Dr.  Woodward,  has  some  in- 
formation to  bring  before  the  section. 

Mr.  Woodward.  I  have  only  the  report  of  the  committee  that  was 
appointed  at  our  first  session  to  consider  the  subject  of  resolutions. 
That  committee  has  met  and  deliberated  on  the  matter  and  has 
drawn  up  two  resolutions.  These  resolutions  are  recommended  to 
the  section  for  adoption.  I  will  r^d  the  resolutions  as  they  appear, 
in  English  first,  and  then  we  will  ask  Dr.  Bivas,  our  Spanish- 
American  secretary,  to  read  them  in  Spanish.  The  first  resolution 
applies  to  the  work  which  falls  more  especially  in  astronomy  and 
geodesy.    It  reads  as  follows : 

The  section  of  astronomy,  geodesy,  meteorology,  and  seismology  respectfully 
recommends  to  the  Second  Pan  American  Scientific  Congress  the  adoption  of 
the  following  resolution,  viz : 

Resolvedt  That  in  the  interests  of  international  amity  and  Judicial  procedure, 
and  in  the  interests  of  advancing  knowledge  of  the  dimensions,  shape,  and 
physical  properties  of  the  earth,  it  is  desirable  that  the  Pan  American  States 
undertake  severally  at  their  earliest  practicable  opportunities: 

1.  Geodetic  surveys  of  precision  suitable  for  the  establishment  of  State  and 
interstate  boundaries,  and  for  additional  contributions  to  the  figure  of  the 
earth. 
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2.  Magnetic  surve.vH  of  their  several  areas,  ami  espei-lally  the  eKtabllshment 
of  a  few  fixed  observatories  wherein  secular  variations  of  the  earth's  magnetism 
may  be  observed  during  long  periods  of  time. 

3.  The  extension  of  gravimetric  or  pendulum  surveys  over  areas  not  hitherto 
accessible  for  the  purpose  of  contributing  additional  data  for  determining  the 
Hurface,  shape,  and  the  mass  distribution  of  the  earth. 

Subsection  B  on  meteorology  and  seismology  offers  the  following 
preamble  and  resolution: 

Whereas  the  First  Pan  American  Scientific  Congress  recommended  to  the 
American  Republics  the  Installation  of  meteorological  organizations  to  serve 
as  a  basis  for  the  establishment  of  a  Pan  American  meteorological  service: 
Therefore  be  it 

Resolved,  That  the  Second  Pan  American  Scientific  Confn*es8  confirms  this 
resolution  and  adds  that  It  is  most  desirable  for  the  Republics  not  yet  possess- 
ing organized  official  meteorological  services  to  establish  such  as  soon  as 
practicable. 

N^ow  let  me  ask  Dr.  Kivas  to  read  these  same  resolutions  in  Spanish. 

Dr.  Rivas  read  the  resolutions  in  Spanish. 

Mr.  WooDWABo.  Mr.  Chairman,  for  the  purpose  of  getting  these 
matters  formally  before  the  section  I  move  that  they  be  approved 
and  adopted  as  the  sense  of  the  section. 

Mr.  NiPHER.  I  second  it. 

The  Chairman.  It  has  been  moved  and  seconded  that  these  reso- 
lutions which  you  have  heard  read  in  English  and  Spanish  be  ap- 
proved and  adopted  by  this  section  of  the  Pan  American  Scientific 
Cfmgress. 

I  might  say,  in  explanation,  that  these  resolutions,  if  adopted  by 
this  section,  will  be  referred  to  a  committee  of  the  congress,  vfhich 
will  consider  them  in  connection  with  similar  resolutions  that  may 
be  offered  by  the  other  sections  of  the  congress,  and  will  finally  vote 
on  the  resolutions  to  be  submitted  for  the  consideration  of  the  whole 
congress.  Our  interest  in  this  is  to  further  the  advancement  of  the 
astronomical,  meteorological,  and  other  sciences  represented  by  this 
section.    Is  there  any  discussion? 

Mr.  Woodward.  Probably  some  explanations  should  be  made  lest 
some  of  the  members  of  our  section  should  labor  under  a  misap- 
prehension. 

It  should  be  understood,  first,  that  the  congress  officially  consists 
of  the  delegates  from  the  various  countries,  each  country  having 
one  representative.  Hence  the  form  of  language  used  in  introducing 
these  resolutions. 

Our  section  respectfully  recommends  to  the  Second  Pan  American 
Congress.  We  have  no  power  to  act  officially  on  these  resolutions. 
We  can  only  recommend  to  the  congress.  Now,  there  will  probably 
be  at  least  a  hundred  different  resolutions  brought  before  the  congress 
within  a  day  or  two;  in  fact,  the  secretaries  are  already  pressing  us 
for  copies  of  these  resolutions,  so  that  when  a  meeting  of  the  official 
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congress  is  held  to-morrow  the  several  subjects  will  be  brought  for- 
ward and  discussed.  In  order  to  save  time  our  conmiittee  has  sought 
to  cut  the  number  of  resolutions  and  the  number  of  possible  compli- 
cations down  to  a  minimum,  lest  they  all  be  thrown  out.  It  is  pos- 
sible that  many,  if  not  most,  of  the  resolutions  offered  may  be  re- 
garded as  untimely,  or  perhaps  inadvisable  at  present.  That  explains 
the  nature  of  the  language  we  have  used  with  respect  to  these.  We 
have  carefully  refrained  from  recommending  expenditures  of  money. 
We  have  no  power  to  do  that  We  only  recommend  that  it  is  advis- 
able and  desirable  in  the  interest  of  science  that  the  various  countries 
do  these  things,  but  we  have  sought  to  refrain  from  making  positive 
recommendations  which  might  commit  the  congi*ess  or  the  Govern- 
ments concerned.  We  should  remember — our  North  American  friends 
especially  should  remember — that  this  congress  is  quite  different  from 
a  meeting  of  what  we  call  a  scientific  society  in  the  United  States. 
Scientific  societies  have  much  larger  liberty  than  this  congress  has. 
This  congress  is  made  up  of  official  delegates  representing  govern- 
ments. I  shall  be  glad  to  answer  any  question  that  may  be  asked  in 
regard  to  these  matters. 

The  Chairman.  Are  there  any  remarks  in  regard  to  these  reso- 
lutions? 

Mr.  Humphreys,  do  you  wish  to  make  any  comments  for  the  benefit 
of  the  section  ? 

Mr.  Humphreys.  I  wish  to  make  a  suggestion  with  regard  to  the 
words  of  the  resolution  concerning  gravimetric  surveys  **  over  areas 
not  hitherto  accessible."  Of  course,  they  would  be  accessible  in  a 
technical  sense,  but  it  is  possible  to  put  an  interpretation  upon  that 
which  nobody  really  would  like  to  mean.  I  am  only  raising  the  ques- 
tion as  to  whether  we  want  a  different  wording  which  would  perhaps 
convey  our  idea  better.  What  we  really  refer  to  is  those  which  have 
not  been  conveniently  accessible. 

Mr.  Woodward.  We  could  use  the  words  "  not  hitherto  surveyed." 

Mr,  Humphreys.  "  Not  liitherto  surveyed,"  instead  of  "  not  hitherto 
accessible." 

Mr.  Woodward.  The  use  of  the  word  "  accessible "  was  made  in 
order  to  call  attention  to  the  fact,  by  implication  anyhow,  that  we 
may  now  make  determinations  through  the  aid  of  wireless  telegraphy 
and  presently  of  wireless  telephony,  while  hitherto  it  has  been  im- 
possible, by  reason  of  lack  of  telegraphic  communication  or  failure 
to  get  instruments.  I  do  not  think  the  words  would  be  misinter- 
preted, but  we  could  use  the  word  "  surveyed." 

Mr.  Humphreys.  I  would  prefer  that.  There  is  absolutely  no  ques- 
tion that  those  who  prepared  the  resolutions  knew  what  they  meant, 
but  it  is  not  certain  that  others,  especially  lay  people  who  read  these 
resolutions,  will  necessarily  get  the  same  idea. 
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The  Chairman.  Are  there  any  further  remarks!  If  not,  are  you 
ready  for  the  question?  It  has  been  moved  and  seconded  that  these 
resolutions  be  adopted  and  approved  by  section  1. 

The  motion  was  unanimously  agreed  to. 

Mr.  Woodward.  The  chairman  will  then,  as  the  last  act  of  his  func- 
tions, deliver  these  resolutions  to  the  secretary  general  of  the  congress, 
so  that  they  may  come  up  in  due  time  for  the  formal  action  of  the 
congress;  but  let  me  repeat  that  if  they  should  be  thrown  out  we 
should  not  be  disappointed.  Science  is  long  and  should  be  very 
patient. 

The  Chairman.  I  think  we  should  now  devote  a  few  minutes 
to  the  discussion  of  the  subjects  presented  by  Prof.  Humphreys's 
"  Wind  velocity  and  elevation  "  and  "  The  collection  of  seismological 
data  in  the  United  States." 

Mr.  Jaggar.  Mr.  Chairman,  though  I  am  not  a  delegate  to  this 
conference,  it  may  possibly  be  of  interest  to  the  members  to  know 
that  something  is  being  done  in  Japan  in  the  attempt  to  devise  an 
instrument  such  as  Prof.  Humphreys  spoke  of,  of  a  very  simple  kind, 
for  the  use  of  anyone  in  an  earthquake  land.  Last  year  I  was  over 
in  south  Japan  at  the  time  of  the  eruption  of  Sakurajima,  and  on 
my  way  back  I  stopped  for  some  time  with  Dr.  Omori,  at  Tokyo, 
and  discussed  this  question  with  him,  because  in  conference  with 
Mr.  H.  O.  Woods,  seismologist  of  our  station,  I  had  long  had  in 
mind  some  such  instnmient  for  the  island  of  Hawaii.  What  we 
wanted  it  for  was  primarily  in  relation  to  the  definitely  centered 
volcanic  earthquakes  around  those  two  great  active  volcanoes,  Mauna 
Kea  and  Mauna  Loa ;  and  there  are  many  plantation  managers,  local 
agencies  of  the  United  States  Weather  Bureau,  paymasters,  school- 
masters, etc.,  who  would  be  delighted  to  run  a  small  instrument  if 
such  an  instrument  could  be  made  on  the  plan  of  an  eight-day  instru- 
ment, one  that  would  write  in  ink,  one  that  would  not  attempt  pre- 
cise time,  but  that  would  use  the  ordinary  local  time  as  accurately  as 
possible,  as  accurately  as  it  is  ordinarily  used  with  the  barograph, 
so  that  we  would  have  some  idea  of  the  little  shocks  that  take  place, 
even  those  not  felt;  for  there  is  a  large  class  of  earthquakes  in  such 
a  land  that  are  not  ordinarily  felt,  even  by  persons  at  rest,  but  which 
still  may  be  classed  as  fairly  strong  motion  shocks,  and  those  are  of 
the  utmost  importance  to  be  recorded. 

I  know  there  is  nothing  in  the  world  in  the  way  of  a  seismograph 
on  that  plan,  and  in  talking  it  over  with  Prof.  Omori,  of  the  Uni- 
versity of  Tokyo,  I  observed  some  of  his  small  instruments  which 
were  used  to  record  the  vibration  of  bridge  piers,  particularly  an 
instrument  with  a  small  horizontal  pendulum,  and  it  struck  me  as 
exactly  the  sort  of  thing  needed.    He  had  a  little  instrument  that 
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he  could  set  on  a  desk,  and  it  struck  me  that  it  was  exactly  what  was 
needed  in  such  a  case.  You  would  know  the  approximate  time,  and 
the  amplitude  alone,  with  the  fairly  uniform  period  of  such  an  in- 
strument, would  ^ve  you  the  approximate  intensity  of  such  an  earth- 
quake. So  a  great  deal  of  valuable  information  could  be  obtained  if 
you  had  plenty  of  such  instnmients  distributed  over  a  volcanic  island. 
We  took  the  matter  up  with  the  chief  mechanician  from  the  instru- 
ment-manufacturing company  of  Tokyo,  and  he  undertook  to  prepare 
such  an  instrument,  which  was  to  cost  about  $40  and  was  to  be  made 
with  a  weight  of  something  like  5  kilograms  or  less;  to  have,  how- 
ever, a  24-hour  movement — we  decided  that  the  8-day  movement 
would  be  too  expensive — and  also  to  have  a  pen  that  would  write 
with  ink,  with  probably  a  fountain  in  the  pivotal  axis  of  the  magni- 
fying needle,  so  that  there  would  be  the  least  possible  friction  from 
the  using  of  such  a  weight  of  ink  as  would  be  necessary  if  it  were  to 
run  that  way ;  and  Prof.  Omori  wrote  me  afterwards  that  he  had  had 
such  an  instrument  constructed,  and  that  he  was  trying  it  out  before 
sending  it  to  me.  If  it  is  a  success  we  are  going  to  put  in  a  dozen  of 
them  on  the  island  of  Hawaii. 

The  Chairman.  If  there  is  no  further  discussion,  we  will  pass 
on  to  the  next  paper  on  the  program,  "  Bolivian  meteorology,''  by 
Senor  Don  Constant  Lurquin,  Observatorio  Meteorologico  del  Insti- 
tuto  Medico,  Sucre,  Bolivia. 


METEOROLOGlA  BOLIVIANA. 

Por  CONSTANT  LURQUIN. 
Direotor  del  Obgervatorio  Meteoroldgico  del  Instituto  Medico  de  Sucre. 

lNTR()DrC<?lON. 

El  presente  inforine  sobre  la  meteorologfa  en  Bollvhi  es  una  relacldn  que  ne 
refiere  al  tiltlmo  tema  indicado  en  la  8ubseoci6n  de  meteorologfa  del  Segundo 
Ck>ngreso  Clentfflco  Panamericano.  Este  trabajo  tlene  por  objeto  hacer 
coQocer,  de  la  manera  mfts  completa  posible,  la  organlsacidn  meteorol6gi<» 
actual  de  la  Reptiblica  de  Bolivia.  Tambl^n  indica  las  urgentes  necesldadee 
que  reclama  un  estudio  racional  de  los  fendmenos  meteoro16glcos.  He  aquf 
los  puntos  tratados  en  este  Informe: 

I.  Estaciones  meteorol6glcas : 

1.  Coordenadas  geogrfificas  y  altora  sobre  el  nivel  del  mar. 

2.  Publicaclones  con  los  resultados  de  las  (^iservadones. 
8.  Registros  de  observacionea 

4.  Fen6menos  meteoroldgicos  observados. 

II.  Meteorologfa  bolivlana: 

L  Proyecto  ofldal  de  servlcio  meteorol6gico  nadonaL 
2.  AvlaoB  telegr&flcofl. 

III.  Conclusion. 
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IV.  Anexos: 

1.  Llsta  de  los  trabajos  publicados  por  el  personal  de  la  seccidn  de  meteo- 

rologfa  del  Instituto  MMico  Sucre. 

2.  Doc«nientacl6n  meteoroI6gica. 

i.    ESTACI0NE8     METROKOI.6GICAB. 

lA^ta  de*laB  estacioneM  meteoroldgicaB, 

1.  Observatorlo  roeteorol6glco  del  Colegio  San  Caltxto,  La  Paz. 

2.  Obserratorio  meteoroldgico  del  Instituto  MMico  Sucre,  Sucre. 

8.  Observatorlo  meteorol6gico  del  Colegio  del  Sagrado  Coraz6n,  Sucre. 

4.  Observatorlo  meteorol6gico  del  Instituto  Nacional  de  Agronomfa  y  Veterl- 
naria,  Cochabamba. 

5.  Oflclna  meteorol6gica  (en  preparaci6n),  Potost 

6.  Estaci6n  meteoroldgica,  Yacuiba. 

7.  Estaciones  plnviom^tricas  establecidas  por  la  "  Bolivia  Railway  y  Cia  **  en 
los  puntos  sigulentes  de  sus  llneas  de  ferrocarrlles :  Oruro,  Potosf,  Uyuni, 
Rio  Mulatos,  Atocha,  Cbijini,  Alpacoma,  Julaca,  Parotani,  Aguas  Calientes. 
Ck>ma  Coma,  Cala  Cala. 

Estaci6n  sismol^glca  del  Colegio  San  Calixto,  Iai  Paz. 

OBSERVATORIO  MBTBOBOLdOICO  DEL  COLEGIO  SAN  OALIXTO,   LA   PAZ. 

I.  Coordenadas  geogrdficas  y  aliura  sobre  el  nivel  del  mar. — Latitud  Sur, 
le**  29'  43":  longltud  W.  Greenwich.  68**  9'  10";  altnra  sobre  el  nivel  del 
mar,  3658  m. 

II.  Publicaviafivs  con  los  renultadon  de  las  observaciancs. — No  se  publica  en 
boletin  los  resultados  de  los  observadones  meteorol6gicas — Solamente,  cada 
dfa,  se  nianda  a  la  prensa  local  un  resumen  nieteorol6gico  del  dta,  referente  a 
los  raeteoros  princlpales. 

tin  modelo  de  este  aviso  diario  se  encuentra  en  los  anexos  (letra  A). 

OBSEBVATORIO   METEOBOLdOICO  DEL   INSTITUTO   M&DIOO  SUCRE. 

1.  Coordenadas  geogrdficas  y  altura  sobre  el  nivel  del  mar. — Latitud  Sur, 
19**  2'  45" ;  longltud  W.  de  Greenwich.  65**  17" ;  altura  sobre  el  nivel  del  mar. 
2,844  metres. 

Las  coordenadas  indicadas  son  provisorias. 

Determinaclones  verdaderamente  matemdtlcas  no  ban  sido  hechas  todavfa. 

2.  Publioaciones:  con  los  resultados  de  las  observadones. — ^Boletfn  meteoro- 
l6gico  del  **  Instituto  MMlco  Sucre  " ;  existe  desde  1913.  Aparece  generalmente 
ctula -trimestre;  antes  de  1913,  se  publicaban  los  resultados  en  anexo  en  la 
Revista  del  *'  Instituto  MMico  Sucre." 

Al  fin  de  cada  mes,  el  observatorlo  presenta  un  Informe  que  comprende: 

1.  Un  xesumen  de  las  observadones  practicadas  durante  el  mes. 

2.  Un  resumen  para  cada  dfa  del  mes. 

8.  Cuadros  de  resultados  de  observadones  correspondientes  a :  Tempera tura, 
presi6n  barom^trica,  humedad,  tensldn  de  vapor  de  agua. 

4.  Observadones  sobre  el  estado  meteorol6glco  de  Sucre  durante  el  mes. 

5.  Grdflcos  de  los  aparatps  registradores  y  referentes  a  la  temperatura,  la 
presi6n  barom^trica  y  la  humedad. 

Modelos  de  esos  cuadros  se  encuentran  en  los  anexos.    [Letra  B.] 
8.  Registros  de  observadones. — ^Existe  un  registro  eepedal  para  las  anota- 
(Tiones  de  las  lecturas  de  los  instrumentos. 
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Tambi^n  hay  un  diario  del  observatorio  para  notas  y  obfiervactones  aobre: 

1.  Fen6iiieno8  iiieteorol6gicofl  generales. 

2.  Estado  del  tiempo. 
8.  Fenomenos  solares. 

En  los  anexos  hay  un  modelo  del  registro  y  del  dlarlo.     [Letra  C] 

4.  FendfnenoB  meteoroldgicos  observadoB, — ^Las  obs^ryadones  se  r^eren  a 
iQs  elementos  meteorol6gicos  fundamentales  slgujentes:  Presliin  barom^trlca, 
tempera tura,  tension  del  vapor  de  agua,  humedad,  evaporaci6n,  regimen  de  Ins 
lluvlas,  regimen  de  los  Yientos,  nebulosidad. 

Radlaci6n  solar  (estudlo  prlvado  por  el  Director.) 

NoTA. — En  los  anexos  se  encnentran  ejemplares  de:  (1)  Mcteorologia  Boli- 
ciana  por  G.  Lurquln;  (2)  Para  la  mcteorologia  en  Bolivia  por  C.  Lurquln; 
(3)  Boletin  mcteoroldffico  del  Observatorio  meteorol6gico  de  Sucre  (ultimo 
niknero).  " 

OBSRBVATOBIO  METKOBOL6qICO  DEL  COLEQIO  DEL  SAGBADO  C0BAZ6N,  SUCRE. 

1.  Coordenadaa  geogrdfican  y  altura  sobre  el  nivel  del  mar. — (v^ase  Observa- 
torio del  Instituto  M^ico  Sucre). 

2.  Publicaciones  con  lo9  resultadoa  de  las  obfervadones, — Boletfn  mensual 
del  Observatorio  meteorol6gico.  Ha  emijezado  a  publicarse  en  febrero  de  1915. 
Hay  en  los  anexos  una  colecci6n  completa  de  los  boletlnes  mensuales. 

3.  Registro  de  observaciones, — El  registro  de  ooservacioncs  tlene  In  ui^ma 
dlsposlcidn  que  la  Indlcada  en  el  boletfn  mensual. 

4.  Fendmenos  mrteoroldgicot  observados, — PresI6n  barom^trlca,  temperatura. 
estado  higrom^trico,  tension  del  vapor,  evaporacl6n,  lluvia. 

Vientos :  dfrecci6n  y  velocidad.  Nubes :  clase,  direcci6n  y  cantidad.  Mauchus 
del  sol. 

JBSEBVATOBIO   METEOBOL6qICO   DEL   INSTFrUTO    NACIONAL   DE   AOBONOlifA   Y   VETEBI- 

NABIA,  COCUABAMBA. 

1.  Coordenadas  geogrdflcas  y  altura  sobre  el  nivel  del  mar. — Latitud  Sur,  17* 
22'  55" ;  lougitud  W.  de  Greenwich,  60*  4'  18" ;  altura  sobre  el  nivel  del  mar, 
2575  metros. 

2.  Publicaciones  con  los  resultados  de  las  observaciones, — Observaclones 
meteorol6gIcas :  publlcacidn  semestral. 

Un  ejemplar  de  esta  publicaci6n  se  encuentra  en  los  anexos. 

estaci6n  meteobol6qica  de  tacuiba. 

La  estacidn  inaldmbrica  de  Yacuiba  ha  mandado  durante  algdn  tiempo  a  la 
cludad  de  La  Paz  avisos  telegrdficos  diarlos  de  los  elementos :  presi6n,  tempera- 
tures, humedad,  lluvia. 

NoTA. — ^No  hay  en  Bolivia  ningdn  observatorio  astrondmico.  Ebciste  sola- 
mente  en  La  Paz  una  muy  sencllla  instalnci6n  para  la  determlnaci6n  de  la 
bora  a  cargo  del  ingenlero  Idiftquez.  Semanalmente  (los  dfas  viernes)  se 
trasmite  la  bora  a  la  direccidn  general  de  tel^grafos  para  que  ella,  a  su  vez,  lo 
haga  a  sus  distlntas  ofidnas  dependientes.  Ademfls  el  Sr.  Idi&quez  comunlca 
la  hora  a  las  compaOfas  ferrovlarlas  constltuldas  en  el  pafs,  las  que  telegriLfica* 
mente  la  hacen  conocer  a  sus  diversas  estaciones. 
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E8TACI0NE8    PLXTYIOlffiTBICAS   B8TABLECIDAS    FOB    LA    BOLIVIA   BAILWAT    T    OIA. 

1,  CoordenadM  geogrdfiau  y  altura  sobre  el  nivel  del  inar. 
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t.  Public/wioneM  con  los  resultadoa  de  las  observaciones, — ^Mensualmente  la 
*  Bolivia  Railway  y  Cla  "  suministra  a  la  Dlreccl<5n  General  de  Obras  Pdblicas 
im  infdnne  demostrando  las  respectivas  cafdas  de  lluvias  en  los  puntos  de  las 
Uneas  de  ferrocarriles  donde  hay  pluvl^metros  instalados;  esos  datos  son 
mandados  cada  mes  al  Observatorio  meteoroldgico  del  Institute  m^ico  Sucre. 

3,  Fen6meno  meteoroldgioo  observddo, — liluvia,  la  altura  de  la  lluvia  est* 
dada  en  pulgadas. 

E8TACI6n    8I8U0L6GICA    del   COLEQIO    SAN    CALIXTO,    LA    PAZ. 

I.  Coordenadaa  geogrdfican  y  altura  sobre  el  nivel  del  mar, — V^ase  Observa- 
torio Meteorol6gico  del  Ck>legio  San  Oalixto  de  La  Paz. 

II.  Pidblicadones  con  los  resultados  de  las  observaciones, — ^Boletfn  mensual 
de  la  estaci6n  8ismol6gica  del  Colegio  San  Oalixto.    Existe  desde  mayo  1918. 

TTn  ejemplar  del  boletifn  se  encuentra  en  los  anexos  [letra  B]. 

III.  Fendmenos  meteoroldgicos  observados. — Para  los  movimientos  lentos:  2 
(Munponentes  horizontales ;  para  los  movimientos  rdpidos:  2  componentes  vertl- 
cales. 

NoTA. — Interesantes  informaciones  tunicas  sobre  el  Observatorio  sismol6gico 
de  la  Paz  se  nallan  en  la  noticia  escrlta  por  el  Sr.  Descotes,  S.  J.,  director  de 
<t»te  observatorio. 

Un  ejemplar  de  esra  noticia  .se  enfuoiitr:i  en  lo.s  anexos. 

II.    MKTKOm>LOOfA  BOLFVIANA. 

./.  Proyecio  o/lcial  de  aeriHeio  meteoroldgico  nacional. — Al  hablar  «le  la 
D^eteorologfa  en  Bolivia,  debemos  en  primer  luj^ar  recordar  lo  que  ha  side  ya 
propuesto  en  eate  sentldo. 

En  la  Memoria  de  Instruccl^n  PiSblica  y  Agrlcultura  de  1912,  el  Seftor 
Ministro  Mariaca,  respecto  a  la  meteorologfa  en  Bolivia,  dice: 

Se  ha  dictado  el  decreto  supr^^mo  que  crea  un  observatorio  meteoroldgico  en 
lia  Paz  con  varlas  oflrinas  secun<larla8  en  los  punhw  mAs  importantes  de  la  Re- 
ptlblica;  pero  nos  es  .sensible  Infonnar  quo  no  .se  Imya  iwxlldo  llevar  a  cabo  la 
idea  del  Goblemo,  por  no  habor  encontra<lo  el  personal  necesarlo  nl  conseguldo 
el  material  que  es  Indl.spensable  para  las  observaciones.  No  es  posible  aplazar 
por  mis  tiempo  esta  Instalacidn  sin  comprometer  en  cierto  modo  la  ser!e<lad  del 
Qc^ierno. 

Bl  menclonado  decreto  dice  que  es  necesarlo  para  el  fcmionti*  4!e  1ft  aifrlcultura 
nacional  la  recoleccI6n  de  observaciones  metooroVr^u'jiv  on  UAn  la  UeprtblW'a 
68486--V0L 11—17 45 
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para  el  estudio  de  la  climatologfa  del  pais  en  sua  relaciones  con  la  hlgi^ie  y  la 
agricultura,  a  fin  de  formar  la  carta  cllmatol6gica  y  mapa  agrondmlco  del  pais. 

El  decreto  dicta  la  creaci6n  de  un  Bervicio  meteorol6glco  dependiente  del 
Mlnlsterlo  de  Instruccl6n  y  Agrlcultora,  que  deber&  organizar  y  reglamentar 
eT  servlcio  conforme  a  lo  acordado  en  los  congresos  meteoroldglcos  intema- 
cionales.  Estc  servlcio  estarA  formado  de  las  slgulentes  estaclones :  un  observa- 
torlo  y  oficlna  central  del  servicio  en  La  Paz  y  ocho  estaclones  meteorol6gicaK 
que  se  establecerdn  en  Trinidad,  Oochabamba,  Santa  Cruz,  Tarija,  Oruro,  Potosit 
Sucre  y  Rlveralta  y  de  tantas  estaclones  tenno-pluvlom^tricas  cuantas  sean 
menester  para  el  estudlo  de  la  dlstribucl6n  de  las  lluvlas  y  temperaturas.  E^tas 
estaclones  se  Instalar^n  de  preferencia  en  las  capl tales  de  provlncla  y  en  los 
cantones  en  que  hublere  establecldo  servlcio  telegr&fico. 

Otro  decreto  sobre  la  meteorologfa  bollvlana  figura  en  la  m^norla  de  Instnic- 
cl6n  Ptlbllca  del  Dr.  Galvo.  El  artfculo  principal  dice  que  se  crea  bajo  la 
depend^nda  del  Mlnlsterlo  de  Instruccldn  y  Agricultura,  un  servicio  meteorol6- 
glco  que  tendrd  a  su  cargo  la  recoleccldn  de  las  observaclones  meteorol5glcas 
de  la  Reptiblica  y  la  ejecucl6n  y  publlcacl6n  de  los  estudlos  y  trabajos  relatives 
a  la  cllmatologfa  agrfcola;  asf  como  la  formacli^n  de  la  Carta  Cllmatol6gica  y 
Mapa  Agrondmlco  del  pats. 

Para  lo«  fines  del  artfculo  precedente  se  fundard  una  oficlna  central  en  la 
dudad  de  La  Paz  y  una  estacl6n  meteoroldglca  en  cada  una  de  las  capltales  de 
Departamento,  anexa,  si  fuera  poslble,  a  la  c&tedra  de  dendas  naturales  de 
algdn  coleglo  particular  u  ofidal  de  enseOanza  secundaria. 

El  poder  EJecutlvo  podrd  crear  otras  estaclones  en  los  lugares  que  crea 
necesarlo  dentro  de  la  partida  presupuestada  al  efecto,  a  medlda  que  lo  re- 
damen  las  necesldades  del  servicio. 

Si  queremos  ahora  conocer  las  utilldades  prdcticas  y  materlales  de  todas 
estas  declslones  oficlales,  encontraremos  muy  poca  cosa.  No  ban  pasado  de 
ser  simples  proyectos  que  ban  quedado  sin  apllcaddn,  letra  muerta  y  tiempo 
perdldo.  Una  inlciatlva  tan  Importante  ba  fracasado  y  las  bases  de  una  obra 
de  gran  Inters  dentfflco  no  ban  podldo  ser  estableddas.  Para  confirmar  este 
aserto  trascrlbo  a  contlnuad6n  el  Informe  presentado  por  el  Decano  de'la 
Facultad  de  Medldna  de  La  Paz  a  la  conslderacl^n  del  Rector  de  esa  Unl- 
versldad,  en  su  parte  referente  a  la  seccl6n  de  meteorologfa :  '*  En  cuanto  a  la 
organlzaddn  del  servlcio  meteorol6glco  el  Supremo  Gobiemo  tropez6  desde  el 
primer  Instante  con  tantos  y  tan  grandes  inconvenlentes,  que  tuvo  que  desistir 
de  su  empefio,  cancelando  el  nombramlento  de  Director  del  Servldo  meteoro- 
16glco." 

En  resumen,  no  bay  en  Bolivia  Servlcio  Meteorol6glco  Nadonal  Ofidal.  Exis- 
ten  en  La  Paz,  en  Sucre  y  en  Cocbabamba  Instalaclones  meteoroldgicas  bas- 
tante  completas.  La  meteorologfa  bollvlana  comprende  finicamente  esos  or- 
ganlsmos  aislados.  No  bay  trabajo  de  conjunto  poslble,  y  se  Uega  a  resultados 
interesantes  pero  de  car&cter  local.  Falta  esenclalmente  la  reuniiin  y  la  con- 
centrad6n  de  las  observaclones  para  reallzar  un  trabajo  unlforme  de  reducd6n, 
comparacl6n  y  an&llsls  de  los  resultados. 

Para  colocar  &  Bolivia  en  el  cfrculo  del  trabajo  dentffico  de  las  Repfiblicas 
Amerlcanas,  se  Impone  la  organlzaci6n  de  un  servicio  meteorol6glco  como  una 
necesldad  de  primer  orden.  Convlene  espedalmente  que  la  obra  sea  verda- 
deranieute  naclonal  y  que  ella  pueda  contar  con  el  concurso  de  todos  los  de- 
partamentos.  Se  trata  de  una  lnstlt\icl6n  dentfflca  que  tiene  utilldades  y 
beneficlos  para  todo  el  pais.  A  nombre  del  Instltuto  M^lco  de  Sucre,  presento  a 
la  consideration  del  Segundo  Oongreso  Clentffico  Panamericano  la  condusidn 
indlcada  en  la  filtlma  parte  de  este  informe  referente  al  establedmlento  d^ 
un  servldo  meteoroldglco  boliviano  ofidal. 
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No  se  publlca  a  la  fecha  en  toda  la  Repiiblica  ningtlii  mapa  del  tiempo  y  no 
existe  ningtin  servicio  para  la  prevision  del  tiempo.  Tampoco  se  dan  avisos 
relatlvos  a  las  tormentas  y  a  las  predicdones  sobre  el  nivel  de  las  aguas 
flQYiales. 

II.  AvUoM  telegrdflcoB, — ^Los  observatorlbs  meteoroMgicos  de  Sucre  y  'de 
Cochabamba  asf  como  la  estacI6n  meteorol6gica  de  Yacuiba  mandan  telegr&fl- 
camente  cada  dfa  a  la  cludad  de  La  Paz  nn  resumen  meteorol6gico  del  dfa 
referente  a  los  meteoros  prindpales.  Son  los  tlnicos  avisos  meteorol6glco8 
telegrdficos  para  el  Interior  de  Bolivia. 

En  on  artfculo:  *'Enyfo  telegr&flco  dlarlo  a  Buenos  Aires  de  elementos 
meteoroliiglcos  de  Sucre  para  el  mapa  del  tiempo  de  la  oficina  meteorol6glca 
argentina"  he  propuesto  pedir  al  Mlnlsterio  de  Instruccl6n  Piiblica  la  autorl- 
Eaci6n  oficlal  para  el  Observatorlo  del  Instltuto  MMico  Sucre  para  poder 
mandar  telegr&flcamente  cada  dfa  a  la  oficina  meteorol6glca  central  argentlna 
a  Buenos-Aires,  elementos  meteorol6gicos  de  Sucre  para  que  figuren  en  el  mapa 
argentino  dlarlo  del  tiempo.  Hasta  ahora  no  se  ha  podldo  reallzar  efectiva- 
mente  este  Importante  proyecto. 

00NCLU8I0NS8. 

De  acoerdo  con  lo  ezpnesto,  formulo,  para  el  tema  panamerlcamo  corres- 
pondlente  a  la  seccl6n  segunda,  la  slguiente  proposlddn  que  someto  a  la  con- 
slderad6n  del  Honorable  Segundo  Congreso  Clentffico  Panamerlcano : 

Teniendo  en  vista  los  benefidos  y  las  utUidades  que  puede  reportar  a  las 
nadones  del  Contlnente  Americano  y  a  la  cienda  en  todos  sus  6rdenes,  un 
estudio  detallado  de  los  fen6nienos  atmosf^ricos  y  la  convenlencla  de  verlficar  este 
estudio  conforme  a  un  programa  cientlfleo  para  el  adelanto  de  la  dencla 
meteorol6glca  americana,  el  Segundo  Congreso  Cientlfleo  Panamerlcano  acuerda 
que  cada  Gobierno  Americano  que  no  tenga  actualmente  establecldo  su  servldo 
meteorol6gico  lo  establezca,  provlsto  de  todos  los  Instrumentos  Indlspensables 
de  lectura  dlrecta  y  ademds  de  dobles  aparntos  registradores  de  cada  uno  de  los 
elementos  meteorol6gicos. 

lAita  de  los  irabajos  puhlicadoM  por  el  personal  de  la  seccidn  de  meieorologia 
del  InsHtuto  M4dico  Sucre, 

Del  Sr.  C.  Lurquln,  Director  del  Observatorlo: 
(A)  Trabajos  de  Astronomfa : 

1.  Sobre  algunas  cantidades  constantes  ffsicas  en  Sucre.  Revlsta  del  ''Ins- 
tltuto M6dIco  Sucre"  No.  28. 

2.  Latitud  geogrdfica  de  Sucre.  Boletfn  de  la  "  Sodedad  GeogrAflca  Sucre.'* 
(Tomo  XIV.) 

8.  Longitud  del  dfa  en  Sucre.  Boletfn  de  la  *'  Sodedad  Geogrdflca  Sucre.** 
(Tomo  XIV). 

4.  Sobre  un  nnevo  m^todo  de  determinad6n  de  las  longitudes  terrestres  por 
piedio  de  la  cintllad6n  de  los  astros.  Boletfn  de  la  "Sodedad  Geogrdflca 
Sucre."    (Tomo  XV). 

5.  Informe  clentfflco  presentado  a  la  "  Sodedad  Geogrdflca  Sucre  '*  sobre  el 
Observatorlo  astron6mlco  de  OSrdoba.  (Argentina).  Boletfn  de  la  "Sodedad 
Geogrdflca  Sucre."    (Tomo  XV). 

8.  Algunas  palabras  sobre  el  estudio  del  delo.    **  Pdglnas  Bscogldas."    No.  6. 
7.  Nota  sobre  el  planeta  "  Bollviana."    Boletfn  de  la  "  Sodedad  Geogrdflca 
Sucre."    (Tomo  XVI ) . 
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s.  Servk'Io  Naclonal  de  la  hora  en  Bolivia.  Infonne  presentado  ante  el 
Ministerlo  de  Instrucci^n. 

( B. )  Trabajos  referentes  a  la  Meteorologfa  BoUyiana : 

1.  Resumen  de  las  observaciones  meteorol6gicas  hechas  en  Sacre  durante  el 
II  iV)  de  1912.     "  Revlsta  del  InsUttfto  MMico  Sucre."     No.  23. 

2.  Informe  cientfflco  presentado  al  "  lustltuto  Medico  Sucre "  sobre  la  re- 
organizaci6n  del  Observatorio  meteorol6glco  de  Sucre. 

3.  Para  la  Meteorologfa  en  Bolivia.    **  Pdginas  Escogidas  **  No.  7. 

4.  Resultados  de  las  observaciones  meteoroldgicas  hechas  en  Sucre  durante 
el  alio  de  1913.    1  folleto.    Sucre. 

5.  Sobre  el  estado  hyetom6trico  de  Suio-e  en  1912.  **  Revlsta  del  Instituto 
MMlco  Sucre  "  No.  32. 

G.  Resumen  de  las  observaciones  hechas  en  Sucre  durante  el  primer  semestre 
de  1914.    1  folleto.    Sucre. 

7.  La  oficina  meteorol6gica  de  Cdrdoba.  **  Revista  del  Instituto  Mddico 
Sucre."    No.  29. 

8.  Meteorologfa  Bollvlana.    1  folleto.     Sucre. 

9  Para  el  desarroUo  de  la  actividad  cientfflca  del  Observatorio  meteoroldglco 
de  Sucre.    **  Observaciones  meteorol6gicas."    Febrero  de  1915. 

10.  Resumen  de  las  observaciones  meteorol6gicas  hechas  en  Sucre  durante 
el  tercer  trimestre  de  1913,    "  Observaciones  meteoroWgicas,"    F^rero  de  1915. 

11.  Resefia  meteorol6gica  para  el  alio  de  1914.  **  Revista  del  Instituto  M^ioo 
Sucre."    No.  83. 

12.  R^men  de  las  lluvias  en  Sucre  durante  1914.  '^Boletfn  meteorol6gico 
de  1915. 

13.  Ck>n8ideraciones  generales  sobre  aerologfa.  **Boletfn  meteorol^gico  de 
1915." 

14.  Resumen  de  las  observaciones  meteorol6gica8  hechas  en  Sucre  durante 
el  primer  semestre  de  1915. 

Del  Dr.  Jos^  Marfa  Araujo,  Jef e  de  la  Secci6n : 

1.  Ligeras  consideradones  acerca  de  los  meses  frfoe  de  Junio  y  Julio  y  loi 
6rganos  respiratorios  superiores. 

2.  Algo  m68  sobre  la  Meteorologfa  Bollvlana. 

3.  Acomodacidn  del  organismo  &  los  climas  de  altura. 

Del  Dr.  G.  Mendizdbal,  secretario  y  ayudante  de  la  secci6n : 

1.  Consideradones  meteorol6gicas. 

2.  Inflnencia  en  mediclna  de  los  elementos  meteorol6gicos :  calor  y  frfo. 

3.  Influencla  en  mediclna  del  factor  meteoroWgico :  humedad. 

A. — IKXrC7MENTACl6N    METEOBOL6aiCA. 

Observatorio  mcteoroldgico  v  nismico  de  lo»  Padres  Jesuitas  de  La  Paz. — 
PosIci6n  aproxlmada:  Latitud  S.,  16"  29*  43";  longltud  W.  de  Greenwich. 
68*  9'  10" ;  altura  sobre  el  nlvel  del  mar,  3670  mts. 

Bar6metro de  1915:  Mftxima ;  minima . 

Term6metros:  M&xima,    al    sol ;     mftxima,    sombra ;     minima,    en 

lierrn ;  minima,  en  el  aire . 

Higr<5metro:  Mdxima ;  minima . 

Evaporfmentro  y  lluvla:  Mllfmetros ;  mllfmetros . 

Yiento:   Direcci6n ;    velocidad   media   por  segundo ;    kil6metros 

recorridos  en  24  horas . 

Otros  meteoros: 
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Obnervatorio  meteoroldgico  del  Instituto  MMico  Sucre. — Resumen  de  las  ob- 
servaciones  practlcadas  durante  el  mes  de 1914. 

Temperaturas :    Media    mensual ;    m&xlma    extrema ;    minima    ex- 

trema 

Bar6metro  reducido  a  0"":  Presl6n  media  mensual ;  m&xima  presi6n  en 

el  mes ;  minima  presl^n  «n  el  mes . 

Tensidn  del  vapor  de  agua ;  Media  mensual 

Huniedad  relatlva  por  ciento:  Media  mensual . 

Eyaporaci6n:  Bvaporaci6n  media  diurna . 

Lluvias;  Nthnero  de  dias  con  llnvia  en  el  mes ;  total  de  agua  recogido  en 

el  mes . 

Nubes:  Clase  de  nubes  dominante . 

Viento:  Direccion  dominante. 

OhsenxUario  Meteoroldgico  del  ** Instituto  Midico  Sucre,** 

TEMPERATURAS.  :    r-  '• 

Resultados  de  las  observaciones  practlc&das  durante de 
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HU5IBDAD. 

Rafoltados  de  las  obMrvmciooes  practicadas  durante de  . 
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C. — NOTAS  SOBBE  LOS  FEN6MEN0S  MBTE»BOL6gIOOS  T  EL  B8TAD0  DEL  TISMPO. — ^IN8- 

TITUTO    lf£DIGO     8UCBE,    OBSEBVATOBIO     lfBTB0BOL60IGO,     DE     DK 

lOlB. 


Horas. 

ObaomdoDM, 
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2.  Sobre  ol  estfiido  del  tif>mpo. 

3.  Sobre  fen6meno8  solar,  s. 

4.  Sobre  fendmenos  astrcai6infcos. 
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BoleUn  9ismico  del  Obaervatorio  del  Colegio  San  Calixto  (PP.  Jeauitas). 
[Longitud  W.  Onenwich,  68*  9*  10";  Utttod  8. 16*  29^  43";  alUmiobra  el  mtr,  3,658:m«    Mes de Junto.  1916.1 


oiisoote 

IBUllar 

IUm. 

T. 

A. 

•  :1. 

r 

Inttrameatos: 
Ptaduloh 

N.8. 

E.W. 

N8.  y  EW. 

2,000 

450 

1.500 

16 
14 
2.4 

170 
80 

1,100 

4.5 

4 

O.0O14 

aooi8 

0.006 

Idem. 

Ptodulo  V 

orUcalS 

.  Gelixto.... 

No. 

Dla. 

Fues. 

Hora. 

Horade 

Oreenwloh. 

Peilodo. 

A^jUgdlv,. 

Dis- 
tencU. 

Notai. 

N8. 

EW. 

An. 

Ae. 

351 

VI-6 

6 
6 

6 
6 

IP 
18. 
M 
M. 
M. 
F. 
ed. 
M. 
M. 
F. 
e. 
L. 
M. 
M. 
M. 
M. 
F. 
IP. 
i. 

18. 
1. 
L. 
M. 
11. 
M. 
M. 
M. 
M. 
M. 
F. 
e. 
F. 
eP. 
iP. 
F. 
IP. 
1. 
L. 
M. 
M. 
F. 
IP. 
i. 
I. 

7    21    20 
22    10 

22  15 

23  04 

24  20 
35    .. 

8. 

S, 

#» 

P 

Km$. 
550 

3 
5 
5 
6 

+  3 

-  3 

-  8 

-  3 

Vertically— 

S52 

4    33    00 
87    13 
38    30 

6  Ca    .. 

15 
17 

2 
2 

353 

7  30    24 
63    00 

66    30 
57    30 

8  05    25 

(?)    (?) 

8  07    49 
08    02 
11    19 
11    40 
13    54 
16    10 
15    40 

15  50 

16  15 

17  00 

18  05 

19  00 

9  50    .. 

20 
20 
20 
20 



4.6 
3 
3 
3 

354 

2,080 

Sentido  en  Santiago,  caute. 

6 

-15 

8 

+21 

Epicentro:^35*8. 
X-72*W. 

15 
...... 

15 
10 

"io* 

16 
15 

-27 

-25' 
-33 
-20 

+  20 
+  25 

-  16 

355 

13    17    55 
40    .. 

Vertical  >* 

356            6 

19    32    02 
32    11 
(?)     (?) 

19  56    53 

20  00    24 
40    .. 

1 

Vortical  4,5— 

1 

357 

6 
6 

.  • 

4 

3 

Vertical  5"> 

42  50 

43  40 
(?)    (?) 

21    30    22 

30  41 

31  00 

22 

19 

2.5 
2 

Confundido  con  el  siguiento. 

358 

1    1,5 

1.5 

2 

-216 
+590 
>1078 

(370) 

Epicentro:  Aproximado. 

x-.ao*&w. 



Las  agujas  ae  salieron  del  cilindro  a  las  21^  81»  y  rsgrairtf  la  del  E.  W.  &  21k  36«  l(^.  Sentido  fuertedesde 
Artfuipa  (VII.  R.  F.)  basta  AntofagoMta, 


Digitized  by  VjOOQIC 


ASTRONOMY,  METEOROLOGY,  AND  SEISMOLOGY.  715 

The  Chairman.  This  interesting  account  of  work  in  Bolivia  is 
before  you,  and  we  have  a  few  minutes  for  discussion. 

Here  followed  a  discussion  in  Spanish.    Discussion-  not  reported. 

The  Chairman.  If  there  is  no  further  discussion,  in  the  absence 
of  the  authors  of  the  next  two  papers  we  will  consider  them 
read  by  title.  They  are  "  First  steps  of  Venezuela  in  the  field  of 
meteorology,"  by  Senor  Dr.  Luis  Ugueto,  director  del  Observatorio 
Cajigal,  Caracas,  Venezuela,  and  "General  organization  of  the 
services  of  the  National  Meteorological  Bureau  of  Uruguay,"  by 
Senor  Don  Hamlet  Bazzano,  director  del  Instituto  Meteorologico  Na- 
cional,  Montevideo,  Uruguay. 


PRIMEROS  PASOS  DE  VENEZUELA  EN  EL  CAMPO  DE  LA  METEO- 
ROLOGLA.  ALGUNAS  CONSIDERACIONES  ACERCA  DE  LA 
ALTURA  MEDIA  ANUAL  DEL  BAR6METR0  AL  NIVEL  DEL  MAR 
EN  VENEZUELA  T  ACERCA  DE  LA  OSCILACI6N  BAROM^TRICA 
A  DIVERSAS  ALTURAS. 

For  LUIS  UGUETO. 
Director  del  Observatorio  Cajigal  de  Caracas. 

PRIMEBA  PARTE. 

La  importanda  de  los  estudioe  meteorol6glcos  desde  el  punto  de  vista  agron<V 
mico  debi6  haber  servido  de  estfmulo  desde  hace  ya  mucho  tiempo  para  la  im- 
plantncI6n  de  ellos  en  el  pafs;  pero  las  tendenclas  rutlnarlas  que  se  oponen 
slempre  a  las  Innovaciones  ban  retardado  su  desenvolvimieDto  y  aon  cuando 
desde  hace  mds  de  20  afios  se  dl6  comienzo  a  este  Observatorio,  que  ha  sido 
designado  bajo  el  nombre  de  Cajigal,  en  honor  al  sabio  venezolano  que  traj<» 
de  Espafia,  a  medlados  del  siglo  XIX,  la  primera  simiente  de  los  estudios  mate- 
m&ticos,  no  se  ha  llegado  a  termlnar  el  edificio,  funcionando,  sin  embargo,  asf 
inconcluso  en  los  estrechos  Ifmites  posibles. 

Josto  es,  no  obstante,  hacer  constar,  que  en  el  alio  antepasado  decret6  el 
Gobierno  Naclonal  la  terminaci6n  del  referldo  Observatorio  y  su  dotaddn  con 
los  elementos  necesarios  para  su  mejor  desenvolvimiento,  y  si  esta  medida  no 
ha  sldo  llevada  a  cabo,  es  de  suponerse  que  en  gran  parte  haya  sido  motivado 
por  los  actuates  trastornos  mundiales,  que  repercuten  intensamente  hasta 
nosotros. 

Sus  coordenadas  geogr&flcas  son:  longitud,  4^  37"  4*,  25*  de  Paris;  latitud, 
10"  30'  25"  B.  y  altitud  1.042  m.  sobre  el  nivel  del  mar.  Lleva  registros  de 
Rus  observaciones  diarias  desde  1802;  pero  estas  no  ban  sido  muy  completas 
sino  hasta  1897,  en  cuya  ^poca  se  bacfan  diez  diarias  de  termdmetro  e  higr6me- 
tro,  cuatro  de  bar^metro  a  las  horas  de  m&xima  y  de  minima  y  cinco  de  viento, 
nubes  y  nebulosidades.  Junto  con  la  indicaci6n  escrupulosa  de  la  cantidad  de 
Uuvia;  pero  las  observaciones  de  term6metro  y  de  psicr6metro  no  fuerpn  efec- 
toadas  a  intervalos  regulares  sine  desde  1901  de  tres  en  tres  boras  y  m(U 
despu^  hasta  hoy,  por  comodidad  interior  del  establecimiento,  de  seis  en  seis 
horas ;  a  las  6  a.  m.,  12  m.,  6  p.  m.,  y  12  p.  m. 

Estas  observaciones  ban  sido  dadas  a  la  luz  ptiblica  en  diversos  periddicos; 
pero  deide  haoe  algnnoe  afios  en  el  diario  "  El  Universal "  de  Caracas,  en  la 
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"  Gaceta  Oflcial  *'  de  la  mlsma  dudad  y  en  la  revlsta  "  Vargas,"  6rgaDO  del 
gremio  m^ico  de  Venezuela,  los  restlmenes  mensuales;  publlcando  adem^  en 
hoja  separada  un  resumen  anual,  desde  el  aflo  de  1904.  Se  las  efecttia  con 
loe  instrumentos  ordinarios  de  lectiura  directa,  de  la  fftbrlca  de  Negrettl  & 
Zambra,  poseyendo  adem&s  el  Institute  un  reglstro  de  horas  de  sol,  un  anemd- 
metro  de  contact©  el^ctrlco  y  pslcr6ftietro  reglstrador. 

Tambl^n  es  creaci6n  del  actual  Goblerno  la  Estacl6n  meteorol6gica  llbre  de 
la  Escuela  de  Artes  y  Oficlos,  en  Caracas,  como  a  dos  km.  al  B.  del  Observatorlo 
Oajlgal  y  con  892  m.  de  altltud.  Bstd  proYlsta  de  bar6metro,  term6metro, 
pslcr6metro,  anem6metro,  pluvl6metro  y  evaporlmetro,  algunos  de  estos  instru- 
mentos registradores  y  otros  de  lectura  directa. 

Se  leen  en  ella  las  temperaturos  mdxima  y  minima  y  el  term6nietro  libre,  el 
bar6metro  y  el  psicr6metro  a  las  cuatro  horas  reglamentarias :  61/2  a.  m.,  8 
a.m.,  2  p.  m.  y  4  p.  m. ;  el  evaporfmetro  cada  24  horas;  del  anem6metro  la 
mdxima  y  su  bora  correspondlente ;  del  pluvi6metro  la  altura  total  diaria,  las 
boras  correspondientes,  la  m&xima  inteusidad  de  la  lluvia  por  minuto  y  la 
bora  de  la  mdxima.  Publica  un  boletin  diario  en  el  peri6dico  "  El  Nueva 
Diarlo  "  de  Caracas  y  funciona  desde  bace  cerca  de  dos  aftas.  A  falta  de  los 
esfuerzos  oflciales  en  ^pocas  pasadas  algunos  de  nuestros  bombres  estudiosos, 
por  desgracia  pocos,  ban  emprendido  aqui  y  alld  observaclones  uisladns,  que 
tienen  por  lo  menos  el  m^rito  del  desinter^  y  de  la  aplicaci6n. 

Citar^  los  autores  de  aquellas  que  ban  llegado  a  ml  conoclmlento :  en  primer 
t^rmino  las  del  Dr.  Agustin  Aveledo,  proseguidas  por  casi  medio  siglo  en  el 
Colegio  de  Santa  Maria  en  Caracas;  las  del  Dr.  Alfredo  Jabn  en  diversos 
lugares  de  la  Reptlblica  y  muy  especlalmente  en  los  Valles  de  Aragua  (80  a 
100  km.  al  SO.  de  Caracas  con  altitudes  de  4  a  500  m.) ;  las  del  sefior  Emllio 
Maldonado,  en  M^ida  y  las  de  los  sefiores  bacbilleres  Alfonzo,  en  Uchire. 

El  Colegio  de  Santa  Maria  estuvo  situado  hasta  hace  cerca  de  dos  afios  como 
a  1,  5  k.  m.  al  NE.  del  Observatorlo  Cajigal  y  a  una  altura  de  930  m.  sobre  el 
nivel  del  mar.  Las  observaclones  se  ban  publicado  en  diversos  diarios  de  la 
capital,  de  los  cuales  algunos  de  ellos  no  exlsten  ya,  pero  pueden  verse  sus 
colecciones  en  la  Biblioteca  Nacional.  Entre  estos  diarios  recordamos :  "  El 
Siglo  ",  "  La  Opini6n  Nacional ",  "  El  TIempo",  "  El  Universal "  y  sobre  todo 
"La  Vargasia**,  que  vl6  la  luz  piiblica  en  Caracas  hace  mds  de  cuarenta 
afios,  drgano  de  la  Socledad  de  Ciencias  Fisicas  y  Naturales,  a  la  cual  per- 
tenecleron  Aveledo,  Ernst,  Revenga,  etc.  Hoy  el  referldo  Colegio,  decano  de  la 
Repdblica,  estd  situado  como  a  mds  de  medio  km.  al  S.  de  su  primitiva  posici6n 
y-  como  80  m.  mds  bajo  respecto  al  nivel  del  mar. 

Las  observaclones  del  Dr.  Alfredo  Jabn  se  extlenden  a  casi  todo  el  pais  y  muy 
frecuentemente  en  vlaje;  pero  en  ocaslones  por  61  mismo  o  bajo  su  dlreccidn 
se  ban  efectuado  series  dilatadas.  Algunas  de  61las  ban  sido  publicadas  en  su 
interesante  obra  "Tabla  de  altitudes";  pero  creo  que  mucbas  las  conserva 
adn  in^itas. 

De  las  del  sefior  Emllio  Maldonado,  en  M^rida  (long.  73*  30'  0.  de  Paris; 
lat  8"  36'  B.  y  alt.  1641  m.)  solo  algunas  aljrtadas  ban  llegado  a  mi  conoclml- 
ento, publicadas  en  la  Gaceta  Universitarla  de  M^rida.  Igual  cosa  puedo  dedr 
de  las  de  los  sefiores  bacbilleres  Rlcardo  y  Julio  Alfonzo  en  Uchire  (67*  49'  0. 
de  Parfs^  10*  7'  B.  y  al  nivel  del  mar). 

En  cuanto  a  estas  observaclones,  fruto  de  la  iniciativa  de  bombres  estudiosos 
del  pais,  solo  me  resta  formular  el  voto,  de  que  sean  publicadas  en  conjunto 
para  su  deblda  apreciaci6n  y  puedan  servir  asi  de  base  a  investigacionea  in- 
teresantes. 

Otras  colecciones  de  observaclones  meteoroldgicas  importantes  nos  suministra 
la  Memorla  publlcoda  por  el  Oobierno  Nacional  en  1907,  titulada  "Trabajos 
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del  Cuerpo  de  Ingenieros,  encargado  del  levantamiento  del  Piano  Mllltar  de 
Venezuela"  y  la  que  puede  ser  conslderada  como  una  continuaci6n  de  6sta, 
publicada  en  1011  y  titulada  "Trabajos  del  Cuerpo  de  Ingenieros,  encargado 
del  levantamiento  del  Mapa  Ffsico  y  Politico  de  Venezuela,"  pues  ambas  corpo- 
raciones  tuvieron  el  mlsmo  objetivo,  aunque  bajo  diferentes  nombres.  Los 
resultados  publicados  abrazan  el  perfodo  comprendido  entre  dlclembre  de  1904 
y  octubre  de  1910  y  se  extienden  a  las  poblaciones  mfts  notables  de  la  Re- 
ptlblica.  Por  desgracia  esta  laudable  empresa  no  ha  sldo  prosegulda,  a  pesar 
del  ^ito  que  alcanz6  hasta  la  liltima  fecha  menclonada. 

Sin  embargo,  las  observaciones  aisladas  adn  cuando  suminlstran  datos 
importantes  respecto  a  la  cllmatologfa  local,  no  permlten  abordar  muchos 
problemas,  que  la  comparaci6n  de  las  simultdneas  en  una  red  ex^endida  en  el 
pais  podrfa  soluclonar. 

Es  pues,  para  emprender  los  estudios  climatoK^cos  de  las  diversas  regiones 
de  61  y  poder  abordar  estos  otros  problemas  en  un  futuro  m&s  o  menos  lejano, 
que  el  €k>bierno  Nadonal  posesion&ndose  al  fin  de  la  cuestldn,  decretd  con  fecha 
14  de  marzo  de  1913,  la  creaci6n  de  cuatro  Estaciones  Meteorol6gicas  en 
M^rida,  Ciudad  Bolivar  (long.  4  h.  82  m.  0.  de  Paris;  8*  9'  B.  y  38  m.  sobre  el 
mar,  a  orlllas  del  Orinoco),  Maracalbo  (sobre  el  lago  6^  mismo  nombre;  long. 
4  h.  56  m.  0.  de  Paris  y  10'  39'  B.)  y  Calabozo,  en  los  llanos  (4  h.  39  m.  1  0. 
de  Paris,  8*  56'  B.  y  100  m.  de  altitud),  en  correspondencia  con  este  Observa- 
torio  central  y  aunque  a  la  fecha  no  funcionan  sino  las  de  M^rida  y  Maracaibo 
es  de  esperarse  que  pronto  ser  An  establecidas  las  otras  dos. 

Las  observaciones  de  estos  centros  datan  tan  solo  de  unos  seis  meses  atr&s, 
Las  que  se  publican  diariamente  en  el  peri6dico  "  El  Universal "  se  reducen  a 
mdxima  y  minima  termom^trica,  mdxima  y  minima  barom^trica,  a  las  10  a.  m, 
y  4  p.  m.,  respectlvamente ;  humedad  a  las  6  a.  m.,  12  m.  y  9  p.  m.,  para 
obtener  por  sus  promedios  la  media  diaria ;  viento  inferior  a  las  mismas  horas ; 
insolaci6n  durante  todo  el  dia  y  la  cantidad  y  duraci6n  de  lluvia  calda. 
Algunos  otros  datos  pueden  obtenerse  mediante  los  registradores  que  pos^  cada 
Estaci6n:  de  bar6metro,  de  term6metro,  de  veloddad  y  direcci6n  del  viento  y 
de  cantidad  de  agua  calda.  Los  instrumentos  usados  son  de  fabricacidn 
alemana. 

Es  plausible  este  primer  paso  dado  por  el  €k>biemo  Nacional,  en  el  camino 
de  la  fundacion  de  la  ^Red  Meteorol6glca,  porque  aunque  el  niimero  de 
estaciones  sea  asl  muy  pequefio,  implica,  no  obstante,  el  reconocimic>nto  de  la 
importancia  de  estos  asuntos  y  deja  esperar  un  desenvolvimiento  mayor  en  el 
porvenlr. 

En  ei  estudio  que  se  leerA  a  continuaci6n  y  del  cual  pueden  considerarse  como 
(•r61ogo  las  precedentes  llneas.  me  ocupo  en  diluddar,  con  algunos  nuevos  datos 
tomados  de  la  Memoria  del  Mapa  FIslco  y  Politico  de  Venezuela,  el  asunto 
relative  a  la  presi6n  media  anual  en  este  pals,  que  ya  trat^  en  1909,  en  relacidn 
con  mis  tablas  altim^tricas,  apoyfindome  entonces  tan  solo  en  las  observaciones 
del  Piano  Mllltar  de  Venezuela,  que  para  esa  6poca  existlan  y  tratar^  finalmente 
en  esta  parte  de  la  varlnci(Jn  de  la  09cilaci(Jn  dinma  barom(^trlcn  en  relacKSn 
con  la  altitud  del  lugar. 

•  SEQUNDA  PABTB. 

PreH&n  media  anual  barom4trica  al  nivel  del  mar  en  Venezuela  y  variaddn 
con  la  altitud  de  la  08ctlaci^  diuma, 

E]xlstiendo  gran  niimero  de  observaciones  barom^CMcas,  efectuadas  entre  los 
alios  de  1905  y  1910,  en  diversas  localidades  de  este  pals,  en  diferentes  meses 
I  lei  aflo  y  publicada  s  en  las  dos  memorlas  antes  citadas,  que  se  relacionan  con 
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el  levaiitamiento  de  la  carta,  parece  que  nada  m&s  quedaria  p<>r  hacer  purn 
determinar  la  presl6n  media  a  que  nos  referlmos,  que  promedlarlas  todas  entre 
si,  sin  ninguna  otra  coii8idei'aci6D. 

Pero  atendiendo  al  lapso  relativamente  corto  que  abrazan  esas  obsenradooes 
en  cada  localldad,  a  la  variaci6n  rauy  probable  del  valor  que  buscamos,  de  an 
lugar  a  otro  y  a  la  Influenda  que  irregularldades  ocaslonales  de  la  presi6n 
podrfan  haber  ejercido  temporalmente  en  algunas  estaciones,  me  parecid  que 
serfa  acaso  preferlble,  para  resolver  la  cuesti6n,  adoptar  un  camino  Indirecto, 
que  permltiera  hacer  entrar  como  date  en  esta  soluddn  una  gran  masa  de 
observadones,  efectuadas  sin  interrupd6n  durante  un  largo  perfodo  y  en  con- 
didones  siempre  mAs  favorables  que  las  que  a  un  viajero  se  presentan. 

Es  asf  que  me  decidf  a  hacer  uso  de  las  preslones  barom^tricas  anotadaa  dfa 
por  dfa  en  el  Observatorio  Cajigal  entre  los  afios  de  1902  y  1008  que  eran  loe 
disponibles,  entre  los  m6s  dignos  de  conflanza,  para  la  ^poca  en  que  por  prlmera 
vez  inlcl^  este  trabajo,  que  ampHo  ahora,  como  he  dicho  ya,  vall^ndome  de 
obBerradoiiet  practicadas  al  nivel  del  mar  posteriormente  a  aquella  fecha. 

El  modo  como  he  procedldo  es  el  siguiente:  Despu^s  de  calcular  las  median 
mensuales  y  auuales  de  este  perfodo,  que  figure n  en  el  cnadro  que  va  a  con- 
tinuaci6n,  obtuve  proIn^diando  los  valores  de  estas  liltimas  676,  19  m.  ni.,  que 
pue<le  ser  considerado  como  la  media  media  anudl  en  el  Observatorio,  con 
suficiente  exactitud  hasta  los  d^dmos  de  milfmetro,  si  se  atlende  a  las  peque- 
Ms  diferencins  entre  los  valores  indlviduales. 

Ck)mo  se  vd,  en  el  cuadro  no  figuran  las  dfras  de  las  decenas  y  centenas  de 
milfmetros,  que  son  siempre  las  mismas  que  la  de  la  media  m^dia  que  acabamos 
de  consignar. 

Obs^rvese  tambi^n  de  paso,  que  a  pesar  de  lo  poco  pronunciado  de  las  esta- 
dones  a  nuestra  latitud,  se  hacen  muy  manifiestas  en  este  cuadro  las  mAximaa 
de  invierno  y  de  estfo,  asf  como  las  mfnlmas  de  prima  vera  y  de  otofio,  de 
acuerdo  con  la  ley  general  conocida. 

PrcsioncH  mcdias  mensuales  y  annates  en  el  Observatorio  Cajigal  entre  los 

afios  (fe  1902  y  190H. 


Afios. 

Meses. 

Medlas 

En. 

Mm. 

5.7 

6.5 

6.4 

6.8 

6.6 

6.1 

6.8 

Feb. 

Mm. 

6.7 

7.4 

5.6 

6.8 

6.6 

6.2 

7.2 

Mar. 

Ab. 

Mm. 

6.1 

5.4 

5.1 

5.9 

6.3 

6.1 

6.1 

May. 

Mm. 

6.0 

6.6 

5.3 

5.2 

6.4 

6.1 

6.7 

Jun. 

Mm. 

6.1 

7.2 

6.6 

6.5 

6.5 

6.3 

7.2 

Jul. 

Mm. 

7.2 

7.7 

6.7 

7.3 

6.8 

6.8 

7.7 

Ag. 

Mm. 

6.3 

7.0 

7.0 

6.9 

6.8 

6.8 

6.9 

Set. 

Mm. 

6.1 

6.9 

6.2 

5,7 

6.3 

5,7 

6.6 

Oct. 

Mm. 

6.0 

.•i.6 

6.2 

5.3 

6.0 

5.3 

5.5 

N 

Die. 

anuales 

1902 

Mm. 

6.7 

6.0 

5.1 

6.2 

6.7 

6.1 

6.5 

Mm. 
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6.1 

Buscando  luego  dfa  por  dfa  y  separadamente  para  cada  mes,  la  diferencin 
entre  este  valor  y  las  indicaciones  del  bar6metro  en  loscuatro  instantes  dt*i 
dfa  en  que  se  1^  este  instrumento  y  promedlando  los  resultados  de  los  dlversos 
dfas,  se  ctbtlenen  las  correcciones  que  habrd  que  hacer  a  una  lectura  efectuada 
en  cualqulera  de  aquellos  cuatro  instantes,  en  este  establecimiento,  y  en  nn  mes 
cualquiera  del  afio  para  redudrla  a  la  media  media  antral. 

Si  las  oscllaciones  barom^tricas  diurnas  y  mensuales  tuviesen  a  diversas 
alturas  el  mlsmo  valor  en  estas  regiones,  no  quedarfa  otra  cosa  que  hacer  si  no 
aplicar  estas  correcciones  de  que  acabamos  de  hablar  a  las  preslones  lefdas  al 
nIvel  del  mar,  en  un  mom«ato  cualqulera,  para  obtener  el  valor  de  la  presl6n 
media  correspondiente  a  dicho  nivel. 

Pero  la  coinpulsad6n  de  las  series  recogidas  por  "El  Piano  Mllitar"  y  "El 
Mapa  Pfsico  de  Venezuela,"  me  ha  Induddo  a'suponer,  como  lo  he  seftalado 
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desde  1909  en  la  "  Memoria  del  Piano  MUitar,"  que  por  lo  menos  la  oscllacWn 
diurna  no  es  constante,  sino  que  dlsminuye  en  general  con  la  altura,  cuando  se 
prescinde  de  Irregularidades  accidentales,  lo  que  ha  perfectamente  concebible, 
si  se  atiende  a  que  dicha  osciIaci6n,  originada  por  la  acci6n  solar,  debe  supo- 
n^rsela  una  fracci6n  del  peso  mismo  de  la  columna  atmosf^rica  y  mlentras 
mayor  sea  este  peso  mayor  debe  ser  aquella  oscllaci6n. 

En  lo  tocante  a  las  mensuales,  el  error  que  pueda  derivarse  de  adoptar  la 
mlsma  ley  de  aumento,  no  puede  ser  en  todo  caso  muy  grande  atendiendo  al 
pequefio  valor  de  4stas. 

Solo  falta  pues,  en  vlrtud  de  lo  que  precede,  determinnr  el  coeflclente  de 
aum^nto  que  deba  emplearse  para  deducir  de  la  oscllaci6n  diurna  en  el  Ob- 
servatorio,  la  correspondiente  al  nivel  del  mar,  en  diversas  fechas  y  momentos 
del  dfa.  Acaso  ese  coeflclente  sea  variable  en  los  diferentes  meses  del  afio  y 
liubiera  sido  mejor  obtenerlo  mes  por  mes;  pero  como  para  algunos  de  ^tos 
no  tenia  observaciones  al  nivel  del  mar  y  para  otros  el  ntlmero  de  las  disponi- 
bles  fuera  muy  pequefio,  me  pareci6  meJor  deducir  un  valor  medio  independiente 
de  la  dpoca,  como  lo  muestra  el  cuadro  sigulente. 

Coeflciente  de.  aumento  de  la  oscilacidn  barotn^trica  diurna  entre  el  Ohaerva- 

torio  y  el  nivel  del  mar. 
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Se  v^  que  en  algunag  localidades  ha  Uegado  a  ser  la  oscilacidn  al  nivel  del 
mar  meiior  que  en  el  Observatoiio ;  pero  es  posible  atribuir  ^sto  a  circunstanclas 
ocasionales,  pues  en  general  se  manifiesta  bien  marcada  la  ley  enunclada  y  se 
obtlene  como  valor  del  coeticlente  medio :  1,  19. 

Tambl^n  es  de  notarse  que  de  ordinarlo  en  las  localidades  situadas  a  orUla» 
de  los  grandes  rfos,  del  golfo  y  del  lago  de  Maracaibo,  resultan  mayores  que  la 
media  las  oscilaciones  dlumas  barom^tricaa  As!  se  ve  en:  Sinamaica,  Para- 
guaipoa,  Quijoro,  Maracaibo,  La  Cafiada,  La  Oeiba,  Boca  de  Escalente,  San  Fer- 
nando, Gludad  Bolivar,  Puertos  de  Altagracla,  Boca  Macareo  y  Curlapo,  pues  no 
parece  atribuible  a  las  estaciones,  esta  drcunstancia  observada  a  lo  largo  del 
periodo  comprendido  entre  la  prima  vera  y  el  otofia 

El  valor  1,  19  del  coeficiente  medio  que  acabamos  de  determinar,  nos  servirA 
para  formar  el  cuadro  de  reducciones  a  la  presi^^n  media  anual,  de  una  observa- 
ci6n  cualquiera  efectuada  al  nivel  del  mar,  en  un  mes  y  en  un  instante  cual- 
quiera.  Bastaria  para  ello  multlplicar  por  este  coeficiente  los  valbres  anftlogos 
obtenidos  ya  para  el  Observatorio,  en  los  dlferentes  meses  y  en  los  coatro 
momentos  de  observaci6n  e  interpolar  en  seguida  para  los  instantes  intermedioK. 
Asf  se  ha  formado  el  cuadro  C  que  va  a  contlnuaci6n. 

IHferencia  con  la  media  anual  de  las  presiones  leidas  al  nivel  del  mar  en  los 
doce  mesea  del  ario  y  en  diversos  instantes  del  dia. 
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Los  valores  del  cuadro  est&n  expresados  en  mllfmetros  de  presi6n  y  estimados 
hasta  los  cent^simos,  aunque  en  el  resultado  final  basta  emplear  solo  los 
d^cimos. 

A  su  vez  este  cuadro  C  me  ha  servido  para  la  formaci6n  del  siguiente,  de- 
signado  por  D  y  cuyos  tftulos  de  columna  se  comprenden  bien  a  la  simple  lectura. 
EH  denominado  **  Reducci6n  a  la  presi6n  media  "  contlene  los  valores  tomados 
del  cuadro  G.  para  hacer  la  operaci6n  que  este  titulo  indica,  y  el  designado 
'*  valores  reducidos,"  la  suma  algebraica  de  los  tres  que  le  preceden. 

Se  han  suprimido  tambi^n  aguf  las  decenas  y  centenas  de  los  mllfmetros  de 
presi6n  y  cuando  las  preslones  resultantes  son  inferlores  a  760  m.m.,  se  ha  ins- 
crito  la  diferencla  con  este  valor,  aplicdndole  el  slgno  menos.  Adem&s,  se  ha 
designado  las  fechas  en  una  forma  especial  abreviada,  cuya  Intellgencia  serA 
facilitada  por  estos  dos  ejemplos:  el  intervalo  corre^)ondlente  a  la  primera 
local idad  "  Rio  Chico  *'  es  en  t^rmlnos  corrientes  entre  el  de  diclembre  de 
1904  y  el  4  de  enero  de  1905 ;  el  que  se  refiere  al  segundo  valor  "  Higuerote,**  es 
entre  el  6  y  el  15  de  enero  de  1906. 
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PreMn  barom4trica  media  anual  deduoida  de  ohtervacUmes  al  nivel  del  mar 
en  diveraoa  lugares  de  Venezuela, 
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Promedio  Pesado. 
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a4 
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760.06 


El  promedio  final  para  el  valor  de  la  presi6n  media  anual  al  nivel  del  mar 
es  760,96  m.  m.,  que  puede  bien  redondearse  entre  761  m.m.  y  que  creo  no  deba 
estar  afecta'do  de  un  error  superior  a  0,1  m.m.,  pues  la  comparaci6n  entre  si 
de  los  bar6metros  Secretan,  que  se  emplearon,  nunca  arroJ6  un  error  que 
alcanzase  a  0^  m.m.  y  se  tomd  como  valor  correcto  el  promedio  de  varios. 

EiS  de  advertir  que  si  me  hubiera  limitado  simplemente  a  promediar  las  pre- 
siones  que  constan  en  el  cuadro  B,  haci^ndoles  tan  solo  la  correcci6n  por  ter- 
m^metro  adherldo,  capilaridad,  y  altura  de  la  estacidn,  el  resultado  hubiera 
sido  761,02  m.m.,  es  decir  senslblemente  el  mismo  que  bemos  obtenido  haciendo 
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entrar  como  elemento  de  solucldn,  las  determinaclones  del  Observatorio  entre 
l08  afios  1902  y  1908. 

No  obstante  esta  conclusion,  no  me  parece  mal  empleado  el  tiempo  que  ese 
rodeo  me  ha  obligado  a  invertir,  pues  aparte  del  fundamento  mds  s611do  del 
resnltado,  por  las  razones  ya  apuntadas  y  de  haber  utilizado  el  cuadro  C  para 
la  correcci6n  de  los  valores  dados  por  una  tabla  altim^trica  local  que  forrn^,  he 
tenido  ocasi6n  tambi^  de  sefialar  el  hecho,  que  no  me  parece  casual,  del 
aumento  de  la  oscilaclOn  diurna  a  orillas  de  grandes  masas  de  agua  en  el  in- 
terior del  pais,  asf  como  el  que  se  orlgina  de  la  mayor  altltud. 

Respecto  a  este  tkltlmo  punto  son  tambi^n  instructivas  las  observaclones  pu- 
blicadas  en  la  memoria  del  **  Piano  Militar,"  referentes  a  lugares  de  altitudes 
superiores  a  1000  m.  El  cuadro  B  que  va  a  continuaci6n  se  refiere  a  lugares 
situados  a  alturas  alrededor  de  2000  m.  y  adn  mayores. 
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Se  ve  aquf,  en  efecto,  que  para  la  altura  media  de  las  cnatro  localldades,  que 
puede  suponerse  de  2,000  ni.,  la  oscilacion  diurna  cs  Inferior  a  la  del  Observa- 
torio en  cerca  de  0.4  m.  m.,  lo  que  prueba'el  principio  citado.  Tambi^n  si  se 
hiciera  uso  separadamente  de  las  otras  dos  observaclones  a  grandes  alturas 
que  contienen  las  citadas  memorias,  quedarfa  corroborado.     H^Ias  aquf: 
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Como  se  ve  la  oscilaci6n  es  menor  que  la  2.2  que  hemos  obtenido  para  el  Ob- 
servatorio. Adem&s,  si  comparamos  la  oscilaci6n  al  nlvel  del  mar  con  la  que 
tiene  efecto  en  aquel  Instituto,  a  1,042  m.  de  altitud  y  con  la  del  cuadro  E  para 
2,000  m.,  se  verd  que  la  disminucl6n  de  la  oscllaci6n  es  proporcional,  m&a  o 
menos,  al  aumento  de  la  altitud ;  sin  embargo,  el  pequefio  niimero  de  observa- 
clones efectuadas  en  lugares  elevados,  no  me  parece  que  autoriza  suflciente- 
mente  para  esta  tiltlma  conclusion,  que  por  otra  parte,  las  observaclones  de 
Oarache  e  Independencia  no  corroboran,  si  bien  es  verdad  que  ^tas  son  por  todo 
diez  y  seis  y  estdn  lejos,  por  lo  tanto,  de  suministrar  un  criterio  decisivo. 

Antes  de  terminar,  no  quiero  dejar  de  mencionar  la  colaboraci6n  eficaz  que 
me  ha  prestado  el  adjunto  a  este  establecimiento.  Dr.  Federico  Leg<)rburu,  en 
la  formaci6n  de  los  promedios  para  el  dlbujo  de  las  curvas,  en  el  dibujo  mismo 
de  ^llas  y  en  la  copla  mecanogrdfica  de  esta  memoria. 
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OR6ANIZACI6N   GENERAL   DE  LOS   SERVICIOS   DEL   INSTITUTO 
METE0R0L6GIC0  NACIONAL. 

Por  HAMLET  BAZZANO, 
Director  del  Instituto  Meteoroldgico  Kacional  del  Uruguay, 

8ECC16N  METEOSOL6GICA. 

Bl  Observatorlo  Central  cuenta  con  aparatos  registradores  modernos  para 
el  estudio  de  la  electricldad  atmosf^rica,  de  la  nebulosldad,  otros  destinados  a 
registrar  el  pasaje  de  corrlentes  teltlrlcas  y  grandes  modelos  de  term6grafos, 
bar6grafos  y  dem&s  Instrumentos  registradores.  Se  tlene  en  contlnuo  fonclona- 
mien  to  la  serle  mAs  perfecta  de  aparatos  para  registrar  la  dlreccl6n  y  velocl- 
dad  del  vlento.  El  desarrollo  de  este  elemento  meteorol6glco  ha  tenido  que 
estudlarse  con  la  mayor  preclsi6n  dada  su  Influencla  preponderante  sobre  el 
regimen  del  estuarlo. 

Las  estaclones  de  servlclo  Intemadonal  establecldas  en  campafia  ban  sldo 
dotadas  de  aparatos  registradores*  lo  que  permlte  segulr  con  relatlva  exactltad 
el  cnrso  de  los  fen6menos  que  se  producen  y  establecer  comblnaclones  de 
dlstlnto  orden  para  cada  elemento. 

El  estudio  de  las  perturbaciones  atmosf^ricas,  anallzando  Influenclas  lejanas, 
anomalfas  en  la  marcha  de  las  curvas  de  los  registradores,  ellmlnando,  en  una 
palabra,  la  tendenda  general  a  trabajar  tlnlca  y  exduslvamente  con  valores 
medios  ha  sldo  impuesto  en  el  pais  por  una  propaganda  contlnua  de  este 
Instituto. 

De  acuerdo  con  los  resultados  finales  de  las  observadones  sobre  dlstrlbucldn 
de  preslones  temperaturas  etc.,  en  la  parte  austral  del  Contlnente,  asf  como  los 
datos  sumlnlstrados  por  los  observatorlos  dlstrlbuldos  al  Sur  de  America, 
desde  el  paralelo  23  grados  hasta  Punta  Arenas,  se  ban  podldo  proporclonar 
datos  concretos  sobre  el  regimen  del  Rfo  de  la  Plata,  trayectoria  de  temporales, 
anomalfas  en  los  movlmlentos  de  rotad6n  de  los  vlentos  en  esta  Zona  de 
America  y  otros  de  capital  Interns  para  la  navegacl<)n. 

Se  han  determlnado,  de  acuerdo  con  los  datos  del  servlclo  Internacional,  los 
cuatro  tipos  Isobdrlcos  para  los  temporales  del  Norte,  Sur,  Este  y  Oeste. 

Se  ha  podldo  fijar  para  cada  estad6n  dd  afio  el  aumento  progresivo  de 
presl6n  atmosf^lca  correspondlente  a  cada  zona  de  la  Repiibllca. 

Nuestro  territorlo,  a  pesar  de  su  poca  extensl6n,  presenta,  por  su  posld6n 
geogrdfica  anomalfas  sumamente  curiosas  desde  el  punto  de  vista  meteoro- 
16glco.  Sigulendo  el  proceso  dlarlo  de  los  dlferentes  estados  atmosf^rlcos,  se 
destaca  desde  luego  la  forma  irregular  en  que  se  presentan  algunos  factores. 
Las  partes  Sur  y  Este  por  su  8ltuaci6n  marftlma  difieren  fundamentalmente  con 
la  parte  central  y  Norte,  a  pesar  de  exlstlr  solo  una  diferenda  de  dos  grados 
de  longitud. 

Las  temperaturas  m&ximas  extremas  las  tenemos  reglstradas  en  la  parte  cen- 
tral con  sus  osdiaclones  mayores  y  la  menor  cantldad  de  vapor  de  agua  at- 
mosf^rlca. 

Las  temperaturas  m6s  bajas  en  las  partes  Sur  y  Este  con  la  mayor  humedad. 
Las  preslones  atmosf^ricas  mayores  al  Norte  y  Noreste  de  la  Reptibllca« 

Los  vlentos  que  domlnan  del  Atldntico  sobre  nuestra  costa  se  derlvan  de  un 
regimen  antl-clcl6nlco  que  hemos  podldo  fiJar  con  relatlva  exactitud.  Loe  tra- 
bajos  emprendidos  en  este  sentido  hasta  hace  pocos  afios,  habfan  dado  re- 
sultados negatlvos.  La  escasa  longitud  del  Contlnente  en  su  parte  austral, 
Impide  seguir  en  su  desarrollo  la  distribud<)n  de  las  preslones  y  temperaturas. 
Los  datos  que  pueden  registrarse  quedan  Umitados  en  la  parte  Este  a  la  es- 
68436— VOL  n— 17 46 


Digitized  by  VjOOQIC 


724       PROOEEDIKOS  SECOND  PAN  AMEBICAK  SOIENTIFIG  C0NGBES8. 

trecha  faja  de  coeta  a  lo  largo  del  Atl&ntico  Sur  y  al  Oeste  en  la  cordillera  de 
lo6  Andes.  Esta  situacldn  notoriamente  desfavorable  para  segolr  en  su  curso 
la  trayectoria  de  los  centres  de  altas  y  bajas  presiones  inntilizaban  los  es- 
fuerzos  de  los  que  con  datos  locales  pretendfan  sacar  deducdones  sobre  el  r^- 
men  de  las  perturbaciones  atniosfdricas  que  se  prodncen  en  esta  zona  de 
America. 

En  la  absolnta  necesidad  de  buscar  otros  medios  de  investigaci6n,  desde  el 
momento  que  nuestra  posicidn  geogr^ca  no  es  proplcia  para  la  adopci6n  de 
los  sistemas  generales,  se  Implants  el  m^todo  de  Quilbert  con  las  ampliaciones 
de  Brhunes.  Se  inlclaron  los  estudios  en  1910  y  ^tos  se  continiian  con  toda 
regularidad. 

La  determinaci<)n  de  los  vlentos  anormales  por  exeso  o  por  defecto  se  prac- 
tican  con  los  datos  telegr&flcos  del  servicio  dlarlo  InternacionaL  La  suce8i<)n 
de  nebulosidad  se  anota  de  acuerdo  con  Instrucdones  espedales  y  la  fotografia 
sirve  de  gran  auxiliar  para  mantener  registrados  los  aspectos  mAs  caracte- 
risticos  del  clelo.  En  la  carpeta  respectiva  se  encuentran  algunos  aspectos 
tfpicos  de  clelos. 

La  determinacl6n  diarla  de  la  salsedumbre  de  las  aguas  complementa  el  con- 
Junto  de  observaciones  que  se  practlcan. 

Dada  la  gran  superficie  del  Rfo  de  la  Plata  y  su  escasa  profundidad,  sus 
aguas  obedecen  necesariamente  a  las  inHuencias  de  dlrecci6n  e  intensidad  de 
los  vlentos  que  dominan  en  la  zona  que  abarca  y  los  estados  de  salsedumbres, 
temperaturas,  etc.,  Indican  la  forma  en  que  actUan  estos  elementos  meteo- 
roKSgicos. 

El  conjunto  de  datos  obtenidos  relaclonados  con  los  dem&s  factores  meteo- 
rol6gicos  ha  venido  a  servir  para  determlnar  la  propagacl6n  en  distlntas  condl- 
clones,  de  la  onda  de  marea  que  viene  del  Oc^no  Atl&ntlco. 

Otro  trabajo  que  hemos  emprendido  desde  hace  alios  es  el  de  fijar  la  relaci6n 
entre  los  delltos  contra  las  personas  y  el  estado  atmosf^rlco.  Se  ban  obtenldo 
de  los  registro3  de  la  Jefatura  las  entradas  de  dellncuentes  comprendldos  en 
esta  clase  de  delltos.  Gonstrufdos  los  diagramas,  se  nota  un  paralellsmo  entre 
los  valores  correspondlentes  al  aumento  de  temperatura  y  humedad  y  la  de- 
llncuencla  en  la  ciudad.  Las  conclusiones  generates  dependeriln  de  su  con- 
tlnuaci6n  durante  cinco  o  sels  afios  m&s. 

SERVICIO  INTERNACIONAL. 

El  Observatorlo  Central  del  Instltuto  se  encuentra  Instalado  en  el  Puerto  de 
Montevideo.  Las  fotograffas  que  van  adjuntas  dan  una  Idea  de  algunos  de  sus 
m&s  Importantes  conjuntos  de  aparatos. 

Las  observaciones  de  todo  el  servicio  para  la  confeccl6n  de  la  Carta  del 
Tiempo  se  practlcan  en  las  repiiblicas  Argentina,  Brasil  y  Uruguay  a  ocbo 
boras  y  veintluna  h,  del  merldlano  de  C6rdoba. 

La  clave  para  la  transmisI6n  de  los  datos  telegrdflcos  es  comtin  para  los  tres 
pafses.  A  horas  quince  la  Carta  del  Tiempo  se  encuentra  pronta  con  todos  los 
datos  de  la  parte  austral  del  Continente  Americano  comprendiendo  la  costa  del 
Atldntlco  Sur  y  puede  ser  dlstrlbufda. 

8E0CT6n  hora  oficiai^ 

Cuenta  el  Observatorlo  con  dos  anteojos  de  pasajes  meridianos  para  la  de- 
terminaci6n  de  la  hora  y  un  teodolito  gran  modelo  Kern. 

Los  anteojos  estdn  colocados  en  pUares  de  mamposterfa,  con  sus  colimadores 
correspondlentes.    La  hora  se  determlna  por  pasajes  de  estrellas  por  el  meri- 
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diano,  utillzando  para  la  anotaci6n  de  los  contactos  un  cron6grafo  de  cinta  de 
Salmoiraghl,  puesto  en  comunlcacl6n  con  un  p^dulo  el^ctrlco  sistema  Hipp. 

Los  contactos  del  astro  con  los  hllos  del  retfciilo  los  fija  el  mismo  observador 
en  la  cinta  por  medio  de  un  interruptor  el^ctrico,  sin  perjulclo  de  que  el  pasaje 
en  el  hilo  central  lo  tome  un  ayudante  en  un  cron6grafo  "  Rattrapant "  por  si 
llegara  a  fallar  la  aguja  inscriptora  del  registrador,  u  otra  circunstancia  cual- 
quiera  que  vendrfa  a  anular  la  observaci6n. 

La  hora  se  conserva  en  clnco  p^ndulos  reguladores :  dos  a  pesas,  de  la  Casa 
Becker,  y  tres  el^trlcos  sistema  Hipp,  de  la  casa  Peyer  y  Favarget  de  Suiza. 
Ademds  se  cuenta  con  cinco  cron6metros  de  marina  y  cuatro  cron6metros  para 
verificar  las  comparaciones. 

La  transmisi6n  de  la  hora  a  los  navegantes  se  hace  por  medio  de  crono-globo 
con  disparo  el^ctrico  de  acuerdo  con  las  instrucciones  especiales  impartidas  al 
efecto.  Se  han  instalado  dos  slrenns  que  funcionan  con  corrlente  el^ctrica 
trlfdsica,  dando  dos  mil  novecientas  revoluciones  por  minuto.  Bsta  sefial  ordi- 
narla  se  da  tres  veces  al  dfa,  a  las  slete,  doce  y  diez  y  siete  horas.  Adem&s  se 
han  dlstribufdo  relojes  el^tricos  en  la  Dlreccl6n  General  de  Correos  y  Tel<^ 
grafos  Naclonales  y  en  otros  puntos  de  la  Oludad. 

Los  buques  de  la  marina  de  guerra  y  mercantes  extranjeros  dejan  en  esta 
Secci6n  sus  cron6metros  con  el  objeto  de  que  se  les  verlfique  su  marcha  con 
exactitud.  Despu^s  4e  hechas  las  observaciones  corresix)ndlentes  se  les  expide 
un  certificado  cuyo  modelo  va  adjunto. 

Ademds  la  Seccl6n  de  la  Hora  regula  diariamente  un  promedlo  de  veinte 
cron6metros  correspondlentes  a  buques  de  guerra  y  mercantes.  El  personal  de 
la  Secci6n  atlende  doscientos  relojes  dlstribufdos  en  diversas  repartlciones 
piiblicas.  Las  composturas  de  todo  ese  material,  tanto  del  de  preclsi6n  como 
del  ordinario  se  realizan  en  los  talleres  del  Instltuto. 

Con  fecha  17  de  Marzo  de  1914  se  ha  modificado  la  notacl6n  horaria  esta- 
bleci^ndola  de  0  h.  a  24  h. 
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Circular^RepHblica  Oriental  del  Uruguay — Instituto  MeteoroWgico  NacUmal, 

[Obseryatorlo  Central,  Monteyldeo.     Coordenadas  GeogrAflcas — Latitud  Sar— 84*  54'  SS",. 
LongitQd  W.  del  meridlano  de  Greenwich— 56*  12'  45M 

AVISO    A    LOS    NAVEGANTES. 

Senal  horaria. — Desde  el  1*  de  Diciembre  de  1913,  se  reanudarA  el  servicio  dfr 
la  sefial  horaria. 

La  que  funcionaba  en  este  Observatorio  ha  sufrldo  modlficaciones  Impuestos. 
j)or  las  obras  ejecutadas  en  la  parte  alta  del  edificlo. 
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El  crono-globo  actual  consta  de  no  armaz6n  de  hierro  de  siete  inetros  de 
altura  con  perilla  dorada  y  dos  rayos  plateados. 

El  globo  es  de  do^  metros  de  dl&metro  de  color  rojo  con  faja  amariUa. 

A  medio  dfa,  tiempo  medio  de  Montevideo  que  corresponde  a  3  horas  44 
minutes  51  segundos  tiempo  medio  de  Greenwich,  un  contacto  ei^trico  estable- 
cido  en  uno  de  los  p^dulos  har&  cerrar  el  globo. 

Diez  minutos  antes  del  mediodfa  medio  serA  izada  en  el  Sem&foro  del  Insti- 
tuto  una  bandera  blanca  y  roja,  la  letra  H  del  G6digo  Internacional  de  Sefiales 
y  cinco  minutos  antes  del  mediodfa  se  izar&  el  globo. 

Cuando  por  una  interrupci6n  de  la  corriente  el^ctrica  o  cualquier  otra  cir- 
cunstancia  la  sefial  estuviera  mal  dada,  la  letra  H  permanecerd  en  el  SemAforo 
y  a  la  1  hora  se  repetir&  el  derre  del  globo. 

En  caso  de  estar  la  sefial  bien  dada  se  arriard  la  bandora  del  Semdforo. 

Carlos  de  Olea, 
Secretario  del  Inatitvto. 

SEBVICIO   SEMAfdBICO. 

El  2  de  Julio  de  1013  el  Poder  EJecutivo  sancion6  la  I-iey  por  la  que  se  na- 
cionaliza  el  Servicio  SemaWrlco  anexdndolo  al  Instituto  Meteoroldgico  NacionaL 

A  las  Estaclones  Semaf6rlcas  les  ban  sldo  incorporadas  meteorol6gicas  de  1** 
orden.  Los  vigas  llevan  registros  especiales  relativos  al  estado  del  mar  y  del 
cielo  para  facilitar  los  estudios  de  conjunto  que  se  practican.  El  producto  de 
este  servicio  se  destina  a  mejoramlento  del  Instituto.  En  la  parte  referente  a 
las  seflales  que  se  trasmitan  o  se  reciban  la  ley  establece  las  mismas  obliga- 
clones  y  penas  que  las  legisladas  en  el  06digo  Internacional. 

Las  estaclones  se  comunican  tres  veces  por  dla  con  el  Observatorlo  Central. 

Circular — Repiiblica  Oriental  del  Uruguav — Instituto  Meteoroldgico  NacionaL 

[Servicio  de  la  costa — Secclto  Semtforo.] 

AVISO  A  LOS  NAVEGANTES. 

De  acuerdo  con  la  Ley  sancionada  el  22  de  Julio  de  1913  y  su  reglamenta- 
ci6n  por  el  P.  E.  de  fecha  19  de  Agosto  del  mismo  afio  se  previene  que  desde 
el  4  de  Diclembre  del  corriente,  se  har&n  por  medio  del  Sem&foro  instalado  en 
este  Instituto  las  siguientes  comunicaciones  para  el  servicio  del  Puerto  de 
Montevideo. 

Gallardete  del  C6dlgo  Internacional  inferior  a  una  bandera: 

P — Entrada  al  Puerto  libre. 

S— Salida  del  Puerto  libre. 

R — ^No  hay  entrada  al  Puerto. 

Z — El  buque  a  la  vista,  agu&ntese  sin  perder  de  vista  el  SemAforo. 

Oportunamente  se  comunlcaran  las  sefiales  que  deberfin  regir  durante  la 
Tioche. 

Carlos  de  Olea, 
Secretario  del  Instituto,  . 

The  Chairman.  A  paper  by  Seiior  Don  Luis  Landa,  on  the 
"Present  condition  of  meteorology  and  seismology  in  Honduras," 
is  the  next  on  the  program.  We  will  be  glad  to  hear  Seiior  Landa's 
paper. 
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ESTADO  ACTUAL  DE  LA  METEOROLOGIA  Y  SISMOLOGfA  EN 

HONDURAS. 

Por  LUIS  LANDA. 
Director  de  Instruccidn  Primaria  en  Honduras. 

CONDICIONES  ACTUALE8. 

Esta  porci6n  del  globo  comprendida,  segdn  el  mapa,  entre  los  paralelos  13*^ 
y  16**  10'  al  norte  del  Ecuador  y  entre  los  merldlanos  83**  y  89*  3'  longltud 
occidental  de  Greenwich,  presenta  fendmenos  caracterfsticos,  no  obstante  la 
corta  extensidn  del  pais.  Las  grandes  elevaciones  coinciden  con  la  parte 
media  del  territorio  y  los  sitios  mAs  bajos  se  presentan  por  el  Norte  en  la 
costa  del  Atldntico  y  por  el  Sur  en  la  costa  del  Pacfflco. 

Son  meteoros  comunes  de  Honduras:  lluvla,  escarcha,  niebla,  granizo,  rocfo, 
arco-lris,  rayo,  vlentos,  estrellas  fugaces,  etc. 

a)  La  lluvia  es  el  m6s  generalizado  de  los  fen6meno8  meteorol6gico8,  hay 
un  perfodo  de  abundancia  que  se  designa  equivocadamente  por  Invlerno,  pero 
casi  no  transcurren  dos  meses  seguidos  sin  que  sobrevengan  lluvias  y  hay 
lugares  que  tienen  llovlznas  por  todo  el  alio.  La  activldad  agrfcola  coincide 
con  la  verdadera  e8taci6n  lluviosa  que  se  inicia  en  la  primera  quincena  de 
Mayo,  decrece  en  Agosto  y  a  veces  llega  a  ser  torrenclal  y  desbordante  en 
Octubre. 

Casi  hay  certeza  de  las  copiosas  aguas  de  Octubre,  pues  son  niemorables  los 
ejemplos  en  las  ciudades  del  interior.  Tegucigalpa  y  Comayagtiela,  que  hacen- 
juntas  la  capital  de  Honduras,  sobre  las  m&rgenes  del  Choluteca,  quedaron 
incomunicadas  el  doce  de  Octubre  de  1906  a  causa  de  la  destruction  del  puente 
que  por  ochenta  y  cuatro  afios  las  mantuvo  unidas.  Las  lluvias  de  esa  ^poca 
en  treM  dfas  de  deshecha  tormenta,  fuera  de  los  aguaceros  peri6dlcos,  llevaron 
la  ruina  a  todas  las  estancias  riberefias  de  poblaciones  y  cultivos. 

Desde  la  recon8trucci6n  del  puente  se  flj6  en  el  cauce  del  rfo  un  tajaniar  con 
escala,  para  valorar  las  crecientes,  y  del  caudal  comtln  de  25  cm.  han  llegado 
a  5  m.  las  avenidas  de  Octubre. 

Las  lluvias  de  la  costa  Norte  no  coinciden  con  las  del  interior,  pues  desde 
Noviembre  a  Enero  es  chubasco  desesperante  que  obllga  a  los  de  ocupaciones 
agrfcolas  a  buscar  el  Interior,  para  evitar  la  cesantfa  obligada  y  no  consumir 
en  el  ocio  el  ahorro  de  los  buenos  tiempos.  Desconozco,  en  esta  regi6n,  ei  ugua 
que  cae  por  centfmetro  cuadrado. 

b)  Vlento  y  escarcha.  Con  las  lluvias  del  Norte  hay  vlentos  periddicos  en 
todo  el  pais,  de  Norte  a  Sur,  el  term6metro  desciende  desde  15  a  10  y  hast  a 
8  grados  sobre  cero  y  casi  se  Inipone  la  necesidad  de  abrigo. 

Las  aguas  torrenclales  o  dismlnuidas  que  se  manlfestan  de  Noviembre  a 
Enero,  y  la  baja  temperatura  que  se  siente  entonces,  forman  la  certldumbre  de 
una  estacl6n  de  invlerno,  que  desde  Norte  Am^lca,  prolonga  sus  rigores  hasta 
suavizarse  mucho  en  la  region  de  los  trOpicos.  Hay  otras  manifestaciones  de 
invlerno  en  los  meses  de  Noviembre  a  Enero ;  la  humedad  que  satura  la  atm6s- 
fera,  con  la  temperatura  baja,  produce  escarcha  en  los  lugares  mds  altos  y 
ventilados  de  Occidente,  como  en  La  Esperanza,  dlsmlnuye  la  intensidad  de  la 
luz  solar  y  es  menos  la  duraci6n  de  los  dfas. 

c)  Grnnizo.  La  lluvia  es  el  mAs  frecuente  de  los  meteoros  acuosos,  pero 
pocos  afios  pasau  sin  granlzadas,  que  no  se  generalizan  ni  son  perl6dicas  en 
cada  region,  aunque  suelen  presentarse  con  las  prlmeras  tormentas. 

d)  Rayo.  Con  motivo  de  las  lluvias  es  miiy  generallzada  la  tensidn  el^trlca 
de  la  atm68fera,  hay  verdaderas  tempestades  de  rayos  que  aterran  al  camlnante, 
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cuando  lo  sorprenden  en  canipos  de  pinares.  El  plno  es  la  vegetacWn  comiln  de 
las  sierras  y  Ilanuras,  la  plauta  que  m&s  se  eleva  entre  las  que  crecen  en  ^ 
inismo  sitio,  y  la  que  mejor  se  presta  a  recomblnar  las  electric! dades  por  tener 
las  puntas  muy  pr6x1mas  a  las  nubes. 

Asombran  los  efectos  de  electrlcidad  en  una  regi6n  de  pinares,  hay  sltios  que 
despu^  de  una  tempestad  presentan  a  la  vista,  en  un  corto  radio,  hasta  cinco 
descargas,  en  6rboles  hendldos  o  surcados  en  la  dlreccicJn  de  sus  fibras. 

e)  101  rocfo  es  muy  comiin  de  Noviembre  a  Enero  sin  ser  excluslvo  de  estos 
Dieses ;  pero  los  vientos  que  se  desatan  entonces  cargados  de  humedad,  empujan 
las  grandes  nubes,  despejan  el  espacio,  la  tierra  Irradia  sin  obst^culo  el  calor 
recibldo,  y  en  la  superficle  de  ella  se  condensan  abundantes  gotas  que  por  ri 
enfrlajniento  llegan  a  helar  los  cultlvos  tlemos  y  dellcados. 

f)  El  arcolrls  presenta  con  frecuencia  en  esta  region  de  los  tr6picos,  un  es- 
pectAculo  hermoso  y  llamativo.  Hay  lluvias  que  se  descargan  en  pleno  sol  y 
sin  preludlos  de  borrasca,  y  cuando  las  radiaciones  llegan  hasta  ellas,  proyectan 
en  el  espacio  una  gran  portada  de  los  arcos  conc^ntricos  del  espectro. 

g)  Casi  puede  conslderarse  la  niebla  compaBera  de  la  lluvla.  Sobre  los 
campos  que  ha  empapado  la  lluvla  es  comUn  la  niebla,  mientras  el  sol  no  dl- 
funde  los  vapores  y  despeja  el  horlzonte.  La  niebla  semeja  en  los  valles  una 
inmensa  s&bana,  parece  una  larga  cinta  en  el  cauce  de  los  rios,  en  ciertas 
mafianas  brumosas ;  y  es  una  venda  constante  sobre  algunas  montafias  que  solo 
se  despejan  en  grandes  dfas  de  sol. 

fbn6menos  8Ismol6oicos. 

Los  acontecimienlos  sfsmlcos  son  de  manlfestaclones  d^iles  y  casi  no  ban 
producldo  fen6menos  de  sensaci6n.  El  m&s  emoclonante  caso  que  seBala  la  hls- 
toria  es  el  de  las  trepidaciones,  retumbos  y  polvaredas  del  20  de  enero  de  1835, 
con  motlvo  de  la  erupci6n  del  Cosigiiina  de  Nicaragua.  Las  sacudidas  no 
causaron  derrumbamientos  ni  daflos  personales,  pero  las  cenizas  fueron  lanzadas 
como  Ilovizna  y  formaron  capa  sobre  los  objetos,  en  este  afio  que  le  llaman 
comunmente  del  polvo. 

Las  otras  conmoclones  que  con  alguna  oportunldad  suelen  advertirse,  a 
causa  de  ser  frecuentes  en  las  vecinas  repiiblicas  del  Salvador  y  Nicaragua, 
nunca  ban  tenido  prolongacl6n  ni  estragos,  a  no  ser  en  objetos  ruinosos;  nl 
siquiera  se  conocen  grietas  que  hayan  dejado  en  la  tierra  las  sacudidas. 

ESTACIONBS    EXISTENTKS. 

La  i&nica  estaci6n  meteorol6glca  con  que  cuenta  el  pals,  es  la  iustalada  en 
OomayagUela  en  el  edlficio  de  la  E^cuela  Normal  de  Varones.  Este  punto  de 
ublcacl6n  queda  14**  08'  al  norte  del  Ecuador,  sobre  el  meridiano  87'  15'  a  914 
metros  sobre  el  nlvel  del  mar. 

Los  datos  que  aprecla  la  estacl6n  indicada,  se  refieren  a  temper atura 
maxima,  minima  y  media,  a  estado  de  humedad,  presi6n  barom^trlca,  cantidad 
de  lluvla,  direccl6n  y  velocldad  del  vlento. 

Las  observaclones  que  se  recogen  cada  dfa,  con  aproxlmacl6n,  predlcen  buen 
tiempo  o  lluvias;  pu^  se  sabe  que  las  varlantes  de  temperatura,  humedad  y 
presl6n,  forman  un  juicio  acerca  del  estado  medio  del  tiempo,  sin  que  puedan 
tomarse  los  resultados  por  una  aflrmacldn  absoluta.  Desde  que  se  fund6  la 
estacl6n  meteorol6gica,  fueron  publicados  los  datos,  prlraero  en  cuadro  mensual 
en  los  peri6dicos  de  Tegucigalpn,  y  ahora  aparecen  en  la  misnia  forma  en  el 
Boletfn  de  Foniento  y  Agrlcultura. 
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E8TACI0NES   NECESABIA6. 

Oreo  que  es  conveniente  fundar  un  criterlo  dentiflco  acerca  de  los  fen6menos 
naturales,  ublcando  centros  de  observaci6n  que  anunclen  los  sucesos  de  In- 
ter^, para  laborar  oportunamente  en  las  ocupaciones  agrfcolas  y  aprestar  el 
salTamento  en  las  sacudldas  sfsmicas. 

Juzgo  suficlentes  para  las  necesidades  del  pais,  cuatro  estaclones  meteorol6- 
glcas  y  sismol6glcas  en  los  centros  de  poblacl6n  que  menos  semejanzas  na- 
turales  tengan:  Nacaome,  que  a  causa  de  la  presi6n,  tempera tura,  topograffa 
y  proxlmldad  al  €k>lfo  de  Fonseca  ofrece  un  cllma  especial  y  advlerte  las 
sacudldas  sfsmicas  que  van  por  la  costa  del  Pacffico,  de  los  volcanes  de  El 
Salvador  y  Nicaragua;  Tegucigalpa  porque  tiene  una  altitud  considerable, 
circuida  de  montafias  y  representa  el  clima  medio  del  interior ;  San  Pedro  Sula 
por  ser  m&s  adecuado  en  la  costa  Norte  para  Juzgar  las  lluvias  de  aquella 
zona ;  y  Santa  Rosa  de  Ck)pdn,  como  una  de  las  ciudades  occldentales  que  m&s 
baja  temperatura  alcanzan  y  que  tiene  los  primeros  anuncios  de  los  temblores 
que  llegan  de  Guatemala  y  El  Salvador. 

Dato8  meteor  old  fficos. — Observatorio  de  Comayaguela.    Mes  de  Julio  de  1915. 
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For  hacer  el  oportuno  envlo  del  trabajo  que  me  propuse,  omitf  un  aconteci- 
mlento  sismol6gico  que  me  hicieron  conocer  posteriores  informes.  Dije  en  la 
exposici6n,  que  Honduras  s61o  registraba  de  sensaci6n  el  sacudimiento  y 
polvareda  que  desde  Nicaragua  hizo  sentir  la  erupci6n  del  Cosigfiina,  y  ahora 
puedo  agregar  que  en  el  territorio  de  la  propia  Repiiblica,  fu^  extinguida  por 
la  erupci6n  volcAnlca  de  1611  una  antigua  poblaci6n  que  hist6ricamente  se 
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coDoce  con  ^  nombre  de  Olanclio  el  Viejo,  donde  perdara  ^  crater  inactivo 
que  se  daiomina  el  Boquenki. 

De  l06  sobreTivlentes  de  la  catAatrofe  onoe  fueron  a  pantos  Inmedlatoe  a 
MicaTagua  j  otros  fandaroo  a  CMandiito  en  HcHKlnras. 

Tengo  el  sentimiento  de  referirme  tambl^  a  loe  hechos  de  actnalldad  anun- 
cladoa  por  ^  cable,  esto  es  a  las  conmodones  sfsmicas  que  en  los  tUdmos  dias 
de  diciembre  ban  perdido  a  Oradas  y  otras  pobladones  de  Hondnras. 

The  Chairman.  The  paper  is  before  you-  If  there  are  no  re- 
marks, we  wiU  take  the  next  paper  on  the  program,  which  is  a 
"  B^sume  of  the  organization  of  the  meteorological  service  of  Chile.'^ 
This  paper  will  be  read  by  title. 


RBSUMEN   DE   LA   OR6ANIZACI6N   DEL   SERYICIO   METEO- 

ROL66ICO. 

For  WALTER  KNOCHB, 
Del  Instituto  Central  Meieoroldffico  y  Oeofitioo  de  Chile. 

El  actual  Instituto  Central  Meteorol6gico  y  C^eoffsico  de  Chile,  fn^  fundado 
el  1*  de  Bnero  de  1910  y  se  nombr6  Director  al  que  suscribe.  Subdirector  es 
actualmente  D.  Nicolas  Pefia  M. 

En  la  citada  fecha  el  Instituto  reunid  dos  servicios  meteorol6gicos :  el  que 
tenia  la  Oflcina  del  Tiempo  y  el  del  Obeervatorio  Astron6mico.  En  1911  se 
puso  ademAs  bajo  la  direccidn  del  infrascrito  el  servicio  nieteorol6gico  del 
Territorio  Marftimo  dependiente  de  la  Direccidn  General  de  la  Armada.  Re- 
unidos  estos  tres  servicios  se  unificaron  las  horas  de  observacidn  fij&ndose  las 
de  7a,  2p  y  9p  y  se  adoptaron  las  prescripciones  del  C6digo  Intemadonal  de 
Meteorologfa. 

Antes  de  1910,  se  habfan  hecho  las  publicaciones  de  observaciones  meteorol6- 
f^cas  eu  algunas  localidades  de  Chile  que  se  expresan  en  el  anexo  1. 

La  ofidna  del  tiempo,  si  bien  no  did  a  la  publicidad  ninguna  obra,  edit6 
diariamente  mapas  con  previsidn  del  tiempo  en  la  repdblica,  desde  1905  a  1910. 

El  servicio  de  la  Marina  publicd  desde  1901  a  1910,  Anuarios  con  las  obser- 
vaciones  hechas  en  18  faros  y  puertos  de  Chile.  El  actual  servicio  del  Instituto 
Central  Meteorol6gico,  se  ha  limitado  en  sus  primeros  cinco  afios  a  dar  a  la 
publicidad,  ante  todo,  valores  climatol6gicos  que  aparecen  en  forma  de 
Anuarios.  Las  observaciones  de  las  oficinas  en  parte  se  publican  en  extenso 
y  el  resto  por  lo  menos  en  resdmenes.  Anualmente  adem6s,  se  publican  los 
valores  horarios  de  los  elementos  meteorol6gicos  de  Santiago  y  para  dar  idea 
mAs  detallada  se  ban  dado  a  la  publicidad  los  valores  horarios  de  otras  locali- 
dades como  son  Punta  Arenas,  Los  Andes  y  Valdivia,  de  dos  afios.  Hay  que 
agregar  tambi^n  que  las  sumas  de  agua  cafda  en  las  localidades  que  se  citan  se 
editan  in  extenso  en  folletos  especiales. 

En  Santiago  y  Valparaiso  se  publica  un  boletin  diario  de  las  observaciones 
hechas  en  la  repdblica  a  las  7  de  la  mafiana,  de  los  datos  principales  meteoro]6* 
gicos,  los  cuales  se  fijan  en  los  puntos  m^  concurridos  de  esas  ciudades.  No 
8er&  inoflcioso  indlcar  que  las  diversas  estaciones  chilenas  remiten  diariamente 
datos  meteorol6gicos  por  tel^afo  a  la  Repdblica  Argentina  y  vice  versa. 

Las  publicaciones  se  hacen  en  espafiol  acompafiado  de  una  traducci6D  en 
alemftn. 


Digitized  by  VjOOQ IC 


ASTEONOMY,  METEOROLOGY,  AND  SEISMOLOGY.  731 

Las  estaciones  meteorol6gicas  (anexo  2)  se  encuentran  eu  Ins  coordenadas 
geogr&ficas  que  se  detallan  en  el  mismo  anexo  y  las  pluviomi&tri«  as  en  la  forma 
axpresada  en  el  anexo  3. 

El  trabajo  que  se  sigue  en  el  pafs  relaclonado  con  los  foiidos  de  que  df^ue, 
es  un  servicio  esencialmente  climatol6gico  y  retlne  los  datos  uecesarlos  para  dar 
a  la  publicidad  en  algiin  tiempo  mds,  un  tratado  sobre  los  rasgos  prlucipales  del 
clima  de  Chile. 

Aunque  este  Instituto  debe  dar  las  bases  para  un  futuro  servicio  de  prevision 
del  tiempo,  no  lo  hace  por  el  momento  dada  su  imposibilldad  por  falta  de 
comunicaclones  telegrdficas  y  radiotelegrdficas  con  la  regiOn  del  sur  de  Chile 
y  con  las  islas  de  Juan  Fernandez  y  de  Pascua,  regiones  que  son  de  absoluta 
necesidad  para  la  previsWn  del  tiempo  en  el  pais.  Serd  necesarlo  ademds, 
crear  un  servicio  pluviom^trico  aunado  a  otro  hidrol6gico  para  poder  ateuder 
las  necesldades  pr&ctlcas  de  Chile,  especiaimente  en  lo  que  se  relaciona  con  el 
rlego  de  los  campos,  tan  importante  para  el  norte  y  centro  del  pals,  con  la 
provision  de  estanques  de  agua  potable  y  para  conocer  las  condiciones  y  llmites 
de  las  fuerzas  hidrdulicas  que  en  tan  gran  niimero  se  puede  disponer  en  la 
repAbllca. 

I.  Anuario  de  la  Oficlna  Central  MeteorolOgica  de  Santiago.  Alio  lo.,  corres- 
pondlente  a  1869. — Contiene  observaciones  de:  Caldera,  Coplap6,  Serena, 
Coqulmbo,  Valparaiso,  Santiago,  Talca,  Constltucion,  Concepci6n,  Valdlvla-  y 
Pto.  Montt. 

II.  Mlsma  obra. — Aflo  2*,  correspond lente  a  1870. — Contiene  observaciones 
de:  Caldera,  Copiap6,  Serena,  Coqulmbo,  Valparaiso,  Santiago,  Constitu<'ion, 
Corral,  Valdlvla,  Ancud  y  Puerto  Montt. 

III.  Misma  obra. — Aflos  3**  y  4',  correspondlentes  a  1871  y  1872. — Contiene 
observaciones  de:  CopiapO,  Caldera,  Coqulmbo,  Serena,  Valparaiso,  Santiago, 
Talca,  Constltucion,  Corral,  Valdlvla,  Ancud,  Puerto  Montt  y  Punta  Arenas. 

IV.  Mlsma  obra. — Alios  5*  y  6*,  correspondlentes  a  1873  y  1874. — Contiene 
observaciones  de  las  mlsmns  cludades  menos  Pto.  Montt  y  Punta  Arenas. 
Ademds  figura  como  nueva  Qulrlqulna. 

V.  Mlsma  obra. — Alio  7',  correspondlente  a  1875.  Contiene  observaciones 
de :  Caldera,  CoplapO,  Coquimbo,  Valparaiso,  Talca,  Qulrlqulna,  Faro  de  Nlebla, 
Angol  y  Valdlvla. 

VI.  Observaciones  Meteorol6gicas  del  Observatorlo  Astron6mlco  de  Santiago, 
1873-1881. 

VII.  Mlsma  obra  que  la  precedente,  1882-1884. 

VIII.  Misma  obra  que  las  que  preceden,  correspondlente  1885-1887. 

IX.  Anuario  de  la  Oficlna  Central  Meteorol6glca  de  Chile,  Tomo  18*,  corres- 
pondlente a  1886.— Faltan  desde  1875  a  1885. 

X.  Seccidn  de  Meteorologfa  del  Observatorlo  AstronOmlco. — Alios  1888  a  1891. 

XI.  Misma  obra.— An4>s  1892  a  19U0  inclusive. 

XII.  Resumen  total  de  las  observaciones  meteorol6glcas  desde  1860  a  1896. 

XIII.  Anuario  del  Observatorlo  Astron6mlco  Naclonal  de  Santiago  de  1903. 
En  este  anuario  figura n  las  observaciones  meteoroldgicas  de  Santiago  corres- 
pondlentes a  1902. 

XIV.  Anuario  del  Observatorlo  AstronOmlco  Naclonal  de  1904.  Contiene 
observaciones  de  Santiago,  de  1003,  y  ademds  lluvlas  de  Maitenes  1900,  Apo- 
quindo  y  Contulmo  1901-1903.  Puerto  Montt  1862-1873.  Abrll  188^-1895  y  Julio 
1896-1902,  Ancud  1873- Julio  1875,  ColIipulH  188G-1888,  Victoria  1903. 

XV.  Misma  obra  para  1905.  Contiene  observaciones  de  Santiago  de  1901, 
Iqulque,  Coplap6,   Serena,  Los  Andt»s  y  Conc<i>cl6n  de  1904,  lluvias  de  San- 


Digitized  by  VjOOQIC 


732       PEOCEEDINGS  SECOND  PAN  AMEBIC  AN  SCIBNTIFIC  CONGBEBS. 

tiago,  Contulmo,   A  ictoria  de   1904,   Coiicepci6n  187^1887  y  1892-1902  y  de 
VaUllvia  1900-04. 

XVI.  Mlsma  obra  para  1906,  con  observaciones  de  Santiago  correspondientes 
a  1904. 

XVII.  Misma  obra  para  1907.  Con  observaciones  de  Santiago,  correspon- 
dientes a  1905,  1906  y  de  Iquique,  Copiap6,  Serena,  Los  Andes,  Concepcidn, 
correspondientes  a  1904  y  1905  y  adem^  Valdivia  1905;  lluvias  en  Contulmo 
y  Victoria  1905-1906,  en  el  Volcan  y  Apoqulndo  1904  y  1905,  en  Collco.  1903- 
1906,  en  Quidlco  1905. 

Adeni^  las  observaciones  de  Santiago  se  publlcaron  en  los  "Anales  de  la 
Universldad"  desde  1893  en  restlmenes  mensuales  y  diagramas  de  las  medias 
diarias  y  en  el  "  Boletfn  de  Higlene**  desde  el  afio  1898,  en  el  '*Boletfn 
Municipal  *'  sflo  para  el  aflo  1908. 

Tambi^n  como  anexos  de  los  "Anales  de  la  Unlversidad  "  se  encuentran : 

XVIII.  Observaciones  Astron6mlcas  y  Meteorol6gicas  desde  Julio  de  1902  a 
Dlclembre  de  1904,  de  Santiago. 

XIX.  Misma  obra  desde  Enero  de  1905  a  Diciembre  de  1908. 
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List  a  y  ubicacidn  de  las  estaciones  pluviom^tricas  de  Chile    (excluidas  las 

meteoroldgicas) , 


Estaciones. 


Latitud 


Tacna  

Las  Juntas  de  CopiapO. 

Freirina ' 

IslaChaflaral t 

IslaP&iaros j 

Punta  Lengua  Vaoa. ... 

Campanario 

Juntas  de  Ovalle ! 

PortiUo I 

CabUdo I 

Llgua ' 

Zapallar 

Rio  Colorado ! 

Cerrillos  Catemu t 

Calera I 

LoCampo ' 

Juncal ! 

Llaillal I 

Rio  Blanco t 

Las  Salinas j 

Llmache 

Valparaiso  (Bolsa) | 

Curaumilla 

TUtU 

Colina 

Maitenes 

Spoquindo 

Nufloa 

LoEspejo 

Florida  Alta 

Talagante 


La  01 

Malloco(Iindenan) 

San  Bernardo 

San  Jo84  de  Maipo 

ICasafuera 

San  Gabriel 

Hospital 

Comeche 

Cauquenes 

Cuyarranquil 

Longavi 

San  Carlos 

Hda.  Bellavista,  San 
Nicolas 

Hda.Copiliue,  San  Ni- 
colas  

Portesuelo  Anteqnero. . 

San  Fabian  de  AUco. . . . 


18  01 

28  30 

28  30 

20  01 

20  34 

30  15 

30  41 

30  44 

32  21 

32  25 

32  27 

32  33 
(T) 

32  44 

32  48 

32  48 

32  50 

32  50 

32  54 

32  58 

33  01 
83  03 
33  06 
33  06 
33  13 
33  17 
33  24 
33  27 
33  31 
83  33 
33  34 
33  34 
33  35 
33  36 
33  36 
33  39 
33  46 
33  47 
33  52 
33  58 
85  58 
35  58 

35  58 

36  26 

36  27 

36  28 

36  29 

36  34 


Longi- 
tudW. 


70  18 
60  58 

71  5 
71  36 
71  33 
71  37 
70  54 
70  45 

70  10 

71  06 
71  16 
71  54 

71  13 

70  56 

70  11 

70  58 

70  19 


71 
71 
71 

71  45 

70  56 

70  44 

70  21 

70  31 

70  86 

70  41 

70  33 

70  56 

71  21 
70  10 
70  13 
70  42 
70  22 
80  46 
70  15 

70  45 

71  37 

72  20 
72  37 
71  42 

71  57 

72  00 

72  18 

72  35 

71  36 


Altura 

sobre 

el  mar 

(m). 


560 

1,366 

81 

45 

30 

35 

200 

550 

2,885 

175 

75 

5 

(T) 

2,130 

215 

455 

2,250 

150 

1,420 

10 

90 

5 

80 
570 
140 
2,600 
785 
580 
570 
840 
345 
178 
800 
400 
575 
945 
5 
1,500 
885 
190 
140 
150 
145  I 
170 

150 

150 
150 
600 


Estaciones. 


Punta  Ttlmby 

ChUlau(Club) 

Esperanza 

Buines , 

Cerro  Verde  de  Peuco. . 

Santa  Clara , 

Punta  Puchoco , 

Isla  Santa  Maria 

Yumbel-Estacion , 

Yumbel-Aguada , 

Yumbel-Batuco 

Yumbel-San  Cristobal. 

Lota 

Nacimiento 

Miilcben 

Angol 

Los  Sauces 

Victoria 

La  Mocha  E , 

Curacautin 

Longuimai 

Carahue 

Bajo  Imperial , 

Padre  Las  Casas 

Freire 

Pitrufguen 

Tolten 

Panguipulli , 

Vaimvfaraudad , 

ValdiYia-Ouitacalzon. . , 

Punta  Niebla 

Trumag , 

San  Juan  de  la  Costa. . . 

Volcan , 

Peulla , 

Llanguihue , 

Chamiza 

Faro  Tres  Cruces , 

Punta  Abui , 

Ancud 

QueUon , 

Isla  Magdalena 

CaboRaper , 

Rio  Verde 

Cabo  Poscsion 

Punta  Delgada 

Pecket  Harbour 

CaboF^llx 

Bahia  Harris 


Latitud 

Longl- 

Altura 
sobre 

S. 

tudW. 

el  mar 

(m) 

o     / 

o 

/ 

36  36 

73 

06 

90 

36  37 

72 

06 

116 

36  42 

71 

53 

320 

36  44 

72 

19 

85 

36  44 

73 

00 

15 

36  50 

72 

21 

95 

37  01 

73 

12 

20 

37  03 

73 

31 

65 

37  05 

72 

34 

80 

37  08 

72 

26 

150 

37  10 

72 

28 

160 

37  11 

72 

30 

150 

37  05 

73 

11 

10 

37  31 

72 

41 

55 

37  41 

72 

15 

130 

37  49 

72 

43 

80 

38  00 

72 

49 

110 

38  14 

72 

19 

350 

38  21 

73 

50 

20 

38  26 

71 

54 

524 

38  26 

71 

14 

970 

38  42 

73 

08 

10 

38  45 

73 

20 

10 

38  46 

72 

36 

115 

38  56 

72 

39 

105 

38  59 

72 

38 

05 

39  15 

73 

15 

10 

39  40 

72 

10 

150 

39  48 

73 

15 

15 

39  50 

73 

00 

30 

39  51 

73 

24 

40 

40  20 

73 

07 

10 

40  31 

73 

28 

8 

40  59 

72 

56 

65 

41  05 

72 

02 

115 

41  15 

72 

58 

60 

41  29 

72 

52 

55 

41  50 

73 

28 

20 

41  50 

73 

61 

50 

41  52 

73 

49 

20 

43  07 

73 

35 

15 

52  55 

70 

33 

30 

46  49 

75 

37 

(T) 

52  17 

73 

38 

10 

52  18 

68 

56 

128 

52  27 

60 

32 

5 

52  47 

70 

42 

10 

52  67 

74 

08 

15 

53  50 

70 

35 

10 

The  Chairman.  We  have  received,  too  late  to  be  placed  on  the 
program,  an  account  of  the  National  Observatory  of  the  Republic  of 
Cuba.  That  paper  will  be  considered  as  read  by  title  in  view  of  the 
shortness  of  the  time.  The  subdirector  of  the  Observatory,  Rev. 
Mariano  Gutierrez-Lanza,  S.  J.,  is  present,  and  we  are  sorry  that  we 
have  not  the  time  to  hear  the  paper  read. 
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U6ER0S  APUNTES  DE  LA  FORMA  EN  QUE  SE  HALLAN  ESTA- 
BLECIDOS  LOS  SERVICIOS  QUE  TIENE  A  SU  CARGO  EL  OBSER- 
VATORIO  NACIONAL  DE  LA  REPCBLICA  DE  CUBA. 

Por  LI  IS  G.  Y  OARBOXELL, 
Director  del  Ohservatorio  Nacional  de  la  Repiiblioa  de  Cuba. 

8ER\^CIO  A8TBON6MIOO. 

Los  trabajos  astron^micos  se  reducen  a  los  cdlculos  necesarios  para  deter« 

luinar  las  posiciones  de  algunos  astros  y  observar  el  paso  del  sol  y  estrellas  per 

el  meridiaDo,  para  conocer  con  exact!  tud  la  bora  del  Observatorio,  que  se  sefiala 

dlariameDte  al  medlodfa.     Se  est^  gestionaodo  la  adquisici6n  de  ud  telescopio 

'ecuatorial. 

SERVICIO    1IETEOBOL6gICO. 

A  la  terminacl6n  del  gobierno  colonial  se  establecid  en  Cuba,  por  una  Seccidn 
del  Weather  Bureau  de  los  Estados  Unidos,  el  Servlcio  Meteorol6gico  de  las 
Antillas,  con  el  Cllmatol6gico  y  de  Cosechas  de  Cuba,  cuyo  Centro  se  install 
en  la  Habana.  Y  al  estableclmiento  del  Gobierno  de  la  Repiiblica,  en  el  afio  de 
1902,  pasaron  esos  servicios  a  depender  del  mismo. 

El  Servlcio  Meteorol6gico  de  Cuba  cuenta  con  las  Estaciones  slgulentes: 

Guane,  en  Latitud  22"  14'  N.  y  Longitud  84**  02'  W.  de  Greenwich;  y  a  80 
metros  sobre  el  nivel  del  mar.  Pinar  del  Rfo,  Latitud  22*  25'  N.,  Longitud  83' 
38'  W.  y  a  55  metros  sobre  elnlvel  del  mar.  Habana,  Latitud  23**  09'  N.,  Lon- 
gitud 82*  20'  W.  y  a  49  metros  sobre  el  nivel  del  mar  (Observatorio  Nacional). 
Matanzas,  Latitud  23*  02'  N.,  Longitud  81*  37'  W.  y  a  25  metros  sobre  el  niv^ 
del  mar.  Isla  de  Plnos,  LaUtud  21*  53'  N..  Longitud  82*  42'  W.  y  a  3  metroft 
sobre  el  nivel  del  mar.  Quintana  (El  Roque),  LaUtud  22*  85'  N..  Longitud 
81*  03'  W.  a  22  metros  sobre  el  nivel  del  mar.  Isabela  de  Sagua,  Latitud 
22*  55'  N.,  Longitud  80*  00'  W.  y  a  3.5  sobre  el  nivel  del  mar.  Santa  Clara^ 
Latitud  22*  24'  N.,  Longitud  80*  0'  W.  y  a  115  metros  sobre  el  nivel  del  mar. 
Camagtiey,  Latitud  21*  24'  N.,  longitud  78*  00'  W.  y  a  107  metros  sobre  el 
nivel  del  mar;  y  Santldgo  de  Cuba,  Latitud  20*  01'  N.,  Longitud  75*  50^  W. 
y  a  36  metros  sobre  el  nivel  del  mar. 

Totlas  esas  Estaciones  mandan  dlariamente,  al  Observatorio,  telegramas  con^ 
las  observaciones  de  las  8  a.  m.  del  Meridlano  75*  de  Greenwich,  de  la  presida 
atraosf^rica,  temperaturas,  humedad,  velocidad  y  direcci6n  del  viento  y  las 
nubes,  lluvia  y  estado  del  clelo;  de  cuyos  datos  se  mandan  por  el  cable,  a  la 
Direcci6n  del  Weather  Bureau  de  los  Estados  Unidos,  los  de  una  Estaci6n  de 
cada  provincla. 

Ademds,  debido  a  la  amabilidad  del  Director  del  Weather  Bureau  de  los 
Estados  Unidos,  se  recibe  dlariamente  un  cablegraraa  expreslvo  de  los  lugares 
en  que  se  encuentran  los  centros  de  mdxima  y  minima  presi6n  en  el  territorlo 
de  la  Repiiblica  de  Norte  America  y  en  el  Canadd,  asf  como  el  pron6stico  de  los 
temimrales  de  invierno  cuando  ocurren. 

En  la  ^poca  de  los  ciclones  de  las  Antillas,  se  reciben,  ademds  de  los 
expresados  datos  de  las  Estaciones  de  Cuba  y  los  Estados  Unidos,  otros  que 
tambl^n  comunica  la  Direccl6n  del  Weather  Bureau  de  varias  de  las  Antillas, 
asf  como  avisos  de  cualquier  perturbaci^n  que  se  presente  entre  tr6pIcos; 
en  cuyo  caso  manda  bondadosamente  observaciones  el  Jefe  del  Servido 
Meteorol6glco  de  Jamaica  y  algunos  de  los  C6nsules  de  Cuba  en  las  Antillas. 

Cuondo  la  Influencia  de  alguna  perturbaci6n  alcanza  a  los  mares  de  Cuba 
se  reciben  obsorvaclones  de  Databank,  Quintana,  Cienfuegos,  Santa  Cruz  dek 
Snr,  Reniodios,  Puerto  Padre,  Gibara  y  Banes. 
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En  casos  extraordlnarios  se  replten  los  cambios  de  observncioues  con  la 
DireccWn  del  Weather  Bureau  y  con  las  demds  Estaciones  Meteorolugicns, 
cuantas  veces  sean  necesarlns. 

SERvicio  climatol6gico  y  de  cosechas. 

Para  este  Servicio  se  cuenta,  ademds  de  los  datos  que  sumlnistran  las 
Estaciones  Meteorol6gicas  de  Cuba  e  Isla  de  Pinos,  con  70  Observadores 
Voluntarlos  y  Corresponsales  dlstribuidos  en  toda  la  Repiiblica,  que  hacen 
observaciones  de  la  tempera tura,  11  u via,  vlento  y  estado  del  clelo,  informando 
semanalmente  con  esos  datos  y  las  condlciones  de  los  cultlvos  y  derods 
elementos  de  la  riqueza  riistica  del  pafs;  y  mensualmente  mandan  planillas 
en  que  insertan  sus  observaciones  diarias. 

Con  esos  informes  y  las  observaciones  de  la  Bstacl6n  Central  se  redactan 
por  ^ta  al  principio  de  cada  semana,  Boletines  en  que  se  consignan  el  resumen 
de  las  condlciones  climatol6gicas  y  su  efecto  sobre  los  cultivos.  Con  los 
datos  mensuales  se  redacta  cada  mes  un  Boletfn,  en  el  que  se  recopllan  las 
expresadas  condlciones  del  tiempo  y  las  cosechas  durante  el  mes,  asf  como 
los  cuadros  estadfsticos  y  grdflcos  de  las  observaciones  efectuadas  en  las 
Estaciones  Meteorol6gicas  y  en  este  Observatorio. 

Ambas  publlcaclones  se  dlstrlbuyen  entre  dlstintos  centros  cientfficos, 
oficiales  y  particulares,  asl  como  a  las  personas  que  las  soUcltan;  y  se  halla 
establecido  canje  con  las  prlncipales  Observatorios  de  otras  Naciones. 

SERVICIOS   SfSHICO  Y    MAGN^TICO. 

Este  Observatorio  posee  un  sism^grafo  sistema  Agamennone,  e  instrumentos 
para  las  observaciones  magn^tlcas,  a  cuya  instalaci6n,  se  va  a  proceder; 
y  se  trata  de  adquirir  un  microslsmometr6graft),  para  registrar  los  tcrremotos 
poco  intensos. 

CONSIDEBACIONES    GENEBALES. 

SegUn  lo  expuesto,  Ueva  de  existencla  el  Servicio  Meteorol6gico  y  el 
Cllmatol6glco  y  de  Cosechas  en  Cuba,  desde  el  alio  de  1809;  y  con  los  datos 
recopiladoe,  se  estd  haclendo  el  estudio  necesario  para  deduclr  la  cllmatologfa 
de  cada  provlncla,  pudiendo  por  lo  pronto  Indicar  que  generalmente  cae  alguna 
menor  cantidad  de  agua  en  la  estacl6n  de  las  lluvlas  (de  Mayo  a  Octubre 
inclusive)  en  la  provlncia  de  Orlente,  que  en  el  resto  de  la  Repiibllca,  con 
la  partlcularidad  de  que  de  Julio  a  Septlembre  es  por  lo  regular  escasa  la 
lluvla  en  el  tramo  de  la  costa  desde  Puerto  Padre  a  Nipe;  por  lo  que  los 
Ingenlos  de  esa  Zona  piieden  prolongar  su  molienda  mds  tiempo  que  los  del 
resto  de  la  Isla.  En  dicho  tramo  de  costa  ocurren  las  mds  abundantes  lluvlas 
en  los  meses  de  Octubre  y  Noviembre.  El  promedlo  del  total  del  agua  que 
cae  anualmente  en  la  Repiibllca  es  poco  mds  o  menos  de  60  pulgadas. 

Como  la  Isla  es  una  estrecha  faja  de  tlerra  que  se  extlende  de  Orlente  a 
Ocddente,  con  poca  diferencla  en  la  Latltud  de  una  a  otra  de  sus  costas  del  N. 
y  S.,  es  pequefia  tambl^n  la  diferencla  de  la  temperatura  de  unos  a  otros  lugares, 
que  mds  blen  obedece  a  su  aproxlmacl6n  a  las  costas  y  a  las  condlciones 
topogrdficas  de  las  localldades,  que  a  la  dlstancla  de  ^tas  del  Ecuador.  La 
Isot^rmica  media  anual  que  corre  por  el  Centro  de  la  Isla,  vlene  a  ser  de  77* 
Fahrenheit  pr6xlmamente,  con  alguna  diferencla  en  aumento  por  la  porcl6n  del 
Sur,  en  que  domlnan  los  vlentos  del  segundo  cuadrante,  y  dlsmlnuci6n  en  la 
del  Norte,  por  los  vlentos  del  primer  cuadrante.  La  elevada  temperatura  del 
verano  la  mltigan,  y  hacen  soportable,  la  perslstencla  de  los  vlentos  alfslos 
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durante  el  dfa,  y  el  terral  y  la  humednd  de  noche.  La  temperatura  de  los  m&s 
calurosos  dfas  del  verano  es,  por  lo  regular,  de  92**  &  93'  Fahrenheit,  aunque 
en  determinadas  localidades,  y  en  al^no  que  otro  dfa,  llega  a  exceder  de  esas 
cifras;  y  la  mfniina  dlaria  en  invierno  puede  apreciarse  en  63*  en  los  dias 
frfos  de  Diciembre,  Enero  y  Fehrero,  por  m6s  que  en  casos  en  que  se  nos 
acercan  las  ni^s  intensae  olas  de  frfa  que  pasan  por  las  Estados  Unidos,  des- 
ciende  mds  el  term6metro  en  algunas  ocaslones. 

Es  de  sentlrse  que  por  la  lnterrupci6n  de  las  comunicaciones  por  el  cable  en 
clave,  a  causa  de  la  guerra  europea,  se  hay  a  suspendldo  la  lnserci6n  al  dorso 
de  los  Weather  Maps,  que  redacta  la  Direcci6n  del  Weather  Bureau  de  los 
Estados  Unidos,  de  las  condiciones  atmosf^ricas  en  todo  el  hemisferio  del 
Norte,  cuya  publlcaci6n  es  de  tanta  Importancla  para  los  estudios  meteorol6gico6. 

Consldero  que  serfa  de  utilldad  para  el  mejor  conocimiento  de  la  marcha  de 
los  huracanes  por  el  Mar  Caribe,  el  establecimiento  de  una  Estacl6n  Meteoro- 
16|^ca  en  la  Isla  Caimdn  Grande,  que  trasmitiera  sus  observaciones  por  medio 
del  servicio  de  telegraffa  sin  hllos. 

Y,  si  bien  no  con  el  canlcter  de  beneficio  material  para  todos,  aunque  sf 
para  la  navegaci6n  y  tambi6n  por  lo  que  se  refiere  al  progreso  de  la  Meteoro- 
logfa  en  lo  que  dice  relacI6n  al  estudio  de  los  huracanes  de  las  Antillas,  serfa 
de  desear  la  internacionaIizRci6n,  o  canje  de  observaciones,  entre  los  Servicios 
Meteorol6gicos  de  America  en  el  Hemisferio  Norte,  siguiendo  las  huellas  traza- 
das  en  la  materia  por  la  Direcci6n  del  Weather  Bureau  de  los  Estados  Unidos 
de  Norte  America. 

The  Chairman.  The  next  paper  on  the  program  is  on  the  "  Argen- 
tine meteorological  service,"  by  H.  H.  Clayton,  oficina  meteorol6gica 
argentina,  Buenos  Aires. 


THE  ARGENTINE  WEATHER  SERVICE.^ 

By  H.  H.  CLAYTON, 
Chief  of  the  Department  of  Weather  Forecasts. 

The  establishment  of  the  National  Meteorological  Service  of  Argentina  was 
due  to  the  Initiative  of  Dr.  B.  A.  Gould,  first  director  of  the  Astronomical 
Observatory  at  Cordoba.  Dr.  Gould  presented  to  the  Argentine  Grovernment  a 
plan  for  the  organization  and  maintenance  of  a  department  of  meteorology, 
offering  his  services  gratuitously  for  its  installation  and  as  director  in  charge 
of  the  working  during  its  first  years.  This  recommendation  was  favorably 
received  by  Congress  and  resulted  toward  the  end  of  1872  In  the  sanction  of 
the  law  creating  the  service. 

The  central  ofllce  was  installed  in  the  Cordoba  Astronomical  Observatory, 
although  the  institutions  were  entirely  independent,  except  for  having  a  director 
in  common.  During  the  12  years  that  the  service  was  under  his  direction  52 
meteorological  stations  were  established,  in  23  of  which  observations  were 
made  for  more  than  two  years. 

^  Note  added  January,  1917 :  In  August,  1916,  George  O.  Wiggin  was  appointed  chief 
and  Frederico  Bnrmelster  assistant  chief  of  the  Oficina  Meteorolftgica  Argentina.  During 
the  year  1916  the  Central  and  South  American  Cable  Co.  began  the  free  transmission  of 
daily  weather  reports  from  Panama,  Quito,  and  Lima,  thus  rendering  more  complete  the 
international  weather  map  of  South  America.  The  publication  of  a  monthly  bulletin  of 
weather  statistics  was  begun  during  the  year. 
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Four  volumes  were  published  containing  a  discussion  of  the  observations. 
Isothermals  were  constructed,  the  essentials  of  which  have  scarcely  been 
altered  in  the  light  of  later  observations,  and  the  rainfall  data  was  the  first 
to  show  the  general  distribution  of  precipitation  over  the  southern  part  of 
South  America. 

In  1885  the  meteorological  office  (Oficina  Meteorol6gica  Argentina)  was 
created  as  a  separate  organization  under  the  direction  of  Walter  G.  Davis. 
The  offices  were  moved  from  the  astronomical  observatory  to  a  larger  and 
specially  constructed  building,  which  was  erected  on  grounds  adjoining  thope 
of  the  observatory.  The  number  of  instruments  was  increased  so  as  to  embrace 
all  those  pertaining  to  the  usual  meteorological  studies,  including  the  special 
installation  for  studying  evaporation,  soil  temperatures,  and  other  elements  of 
an  experimental  nature. 

The  section  of  climatic  statistics  continues  in  Cordoba  under  the  direction 
of  Thomas  G.  Rector,  but  in  1901  the  central  office  was  moved  to  Buenos 
Aires  for  the  principal  object  of  publishing  a  daily  weather  map,  as  the  con- 
struction of  national  telegraph  lines  to  the  southern  territories,  the  extension 
of  the  telegraph  service  to  many  regions  of  the  central  and  northern  sections 
of  the  Republic,  and  also  the  generous  concession  of  the  use  of  the  private  lines 
of  the  railway  companies  and  the  provincial  service  of  Buenos  Aires  had  com- 
bined to  make  it  possible  to  obtain  observations  at  the  same  moment  from 
the  Bolivian  frontier  in  the  north  to  Santa  Cruz  in  the  south,  and  from  the 
Atlantic  to  the  Andes. 

At  the  end  of  1901  the  service  numbered  11  first-class  stations  with  auto- 
matic registers ;  68  second  class,  in  which  observations  of  barometric  pressure, 
temperature,  wind  direction  and  force,  cloudiness,  and  precipitation  were  made 
at  7  a.  m.,  2  p.  m.,  and  9  p.  m. ;  9  third-class  stations,  which  differed  from  the 
second  class  only  in  not  having  barometers ;  and  240  rainfall  stations. 

On  the  21st  of  February,  1902,  the  publication  of  a  daily  weather  mi^  was 
commenced  and  has  continued  without  interruption  to  the  present  time. 

In  July,  1902,  the  hydrometric  section  of  the  weather  service  was  founded. 
Its  duty  is  to  measure  the  volume  of  water  carried  by  the  various  rivers  in 
the  Republic  and  determine  its  relation  to  the  rainfall  in  the  region  drained; 
to  study  subterranean  waters,  evaporation,  drainage,  and  infiltration  as  well 
as  correlative  phenomenon;  to  determine  the  amounts  of  water  available  for 
irrigation  and  power;  and  to  predict  river  heights  for  the  use  of  navigation; 
and  also  to  warn  the  public  of  floods  and  inundations.  The  first  chief  of  this 
section  was  Mr.  G.  Lange,  who  retired  in  June,  1909,  and  was  succeeded  by  Mr. 
E.  WolflP,  the  present  chief  of  the  section.  In  September,  1904,  the  forecasting, 
service  was  commenced,  with  Mr.  M.  W.  Hayes  as  forecast  official.  In  1907 
Mr.  H.  L.  Solyom  became  chief  of  the  section  and  continued  until  1913,  after 
which  the  writer  became  chief  of  this  section.  In  October,  1912,  a  rainfall 
service  was  added  to  this  section,  and  in  August,  1915,  the  making  of  weekly 
or  longer  forecasts  was  begun  by  a  special  service  devoted  to  this  purpose. 
The  publication  by  this  department  of  a  Journal  giving  current  weather  statis- 
tics is  contemplated  in  the  near  future. 

The  magnetic  section  was  also  established  in  1904,  with  the  central  station 
located  at  Pilar,  in  the  Province  of  Cordoba.  The  object  of  this  service  is  to 
make  regular  and  systematic  observations  of  the  several  components  of  the 
earth's  magnetic  field  of  force  in  the  Argentine  Republic;  to  make  a  magnetic 
survey  of  the  country  from  time  to  time;  to  observe  and  study  solar  phenome- 
non, and  to  correlate  these  so  far  as  possible  with  meteorological  phenomenon. 
Mr.  L.  G.  Schultz  was  chief  of  this  section  until  1915,  and  completed  a  detailed 
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magnetic  survey  of  the  Republic    In  September,  1915,  Prof.  Frank  H.  Blgelow 
became  chief  of  this  section. 

In  May,  1915,  Prof.  W.  G.  Davis  retired  from  the  directorship  of  the  weather 
service.  He  liad  built  up  the  service  from  small  beginnings  to  a  large,  well- 
organized  bureau,  whose  activity  and  efficiency  compared  favorably  with  the 
most  advanced  weather  services  of  the  world.  Mr.  Davis  was  a  chief  of  excep- 
tional executive  ability  and  learning  and  was  universally  beloved  by  his  asso- 
ciates. He  was  succeeded  as  acting  director  by  Prof.  George  O.  Wiggin,  who 
has  carried  the  service  through  a  trying  period  with  much  vigor  and  skilL 

At  the  end  of  1914  the  network  of  Argentine  stations  ext^ided  from  about 
21**  S.  to  61*"  S.  In  this  network  there  were  installed  42  first-class  stations, 
equipped  with  self-registering  instruments;  152  second-class  stations,  where 
tri-daily  observations  are  taken;  12  third-class;  and  1930  rainfall  stations, 
from  which  the  rainfall  is  telegraphed  to  the  central  station  at  Buenos  Aires 
and  charted.  By  exchange  with  Brazil,  Chile,  and  Uruguay,  a  small  daily  map 
of  the  weather  over  a  large  part  of  South  America  is  published  daily. 

The  executive  branch  of  the  Argentine  weather  service  Is  located  at  Bueuos 
Aires  and  consists  of  a  director  and  assistant  director  and  a  secretary.  There  is 
a  corps  of  assistants  and  of  traveling  inspectors,  whose  duty  it  is  to  keep  the 
observers  and  the  exposure  of  instruments  under  constant  supervision,  and  this 
is  done  with  a  thoroughness  probably  not  exceeded  in  any  part  of  the  world. 
The  inspectors  also  have  the  duty  of  training  new  observers.  An  instrumental 
division  for  testing,  repairing,  constructing,  and  installing  instruments  and  a 
division  for  the  publication  of  observations  and  investigations  form  also  a  part 
of  the  executive  branch. 

The  climatological  section  of  the  Argentine  weather  service  has  its  head- 
quarters at  Cordoba,  occupying  the  building  used  in  1885  for  the  central  office 
of  the  weather  service.  Besides  its  activities  in  collecting,  classifying,  and 
checking  climatological  statistics,  it  is  carrying  on  a  first-class  meteorological 
observatory  and  is  making  researches  in  problems  relating  to  climatology  and 
agricultural  meteorology.  It  Is  also  at  the  present  time  engaged  in  entering 
and  indexing,  in  specially  prepared  volumes,  the  daily,  monthly,  and  annual 
means  of  the  meteorological  elements  at  all  the  stations  in  the  Republic  from 
the  beginning  of  observations.  These  volumes  will  furnish  easy  access  to  the 
observations  and  enable  the  section  to  meet  the  frequent  demands  for  informa- 
tion coming  from  the  general  public  und  from  official  sources  in  other  depart- 
ments of  the  Government. 

The  forecast  department,  to  which  Is  assigned  the  work  of  dynamic  meteor- 
ology, is  at  present  composed  of  three  divisi6ns : 

1.  A  division  engaged  in  the  preparation  of  a  daily  weather  map  from  tele- 
grams received  from  all  parts  of  the  Argentine  Republic  and  adjacent  Republics 
and  the  making  of  weather  forecasts  for  the  following  36  hours.  These  are 
made  at  11  a.  m.  and  10  p.  m.  The  map  is  published  daily  with  detailed  infor- 
mation of  weather  conditions  in  figures  and  charts. 

2.  A  rainfall  division  engaged  in  the  preparation  of  a  daily  rainfall  chart 
from  nearly  2,000  stations,  the  checking  of  the  observations  by  comparison 
with  adjacent  stations,  and  the  entering  of  the  data  in  indexed  volumes  con- 
taining daily,  monthly,  and  annual  means.  This  rainfall  service  is  carried  on 
in  cooperation  with  the  railroad  telegraph  and  telephone  services  of  Argentina, 
which  furnish  observers  and  telegrams  free.  The  Province  of  Buenos  Aires 
also  cooperates  in  the  service. 

3.  A  division  devoted  to  the  preparation  of  general  forecasts  for  a  week  or 
more  in  advance.    These  forecasts  are  based  on  the  theory  of  weather  drift 
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outlined  by  the  writer  in  the  United  States  Monthly  Weather  Review  in  1907 
and  in  the  Serlvlco  Meteorological  Argentino,  Historia  y  Organization,  Buenos 
Aires,  1914,  and  also  on  the  periodic  or  semlperlodlc  recurrences  of  similar 
weather  conditions  at  short  Intervals  not  exceeding  a  year  In  length.  Active 
researches  are  In  progress  for  testing  and  Improving  these  forecasts,  which 
ultimately,  I  believe,  will  prove  of  the  highest  value,  much  exceeding  that  of 
the  dally  forecasts  for  36  hours. 

The  hydrometric  section  is  engaged  In  the  problems  outlined  previously  of 
determining  the  flow  of  rivers  and  their  availability  for  navigation,  Irrigation, 
and  power.  For  this  purpose,  observations  and  measurements  of  river  cross 
sections  and  the  spee<l  of  flow  are  being  carried  on  in  the  rivers  of  the  Republic. 
Diagrams  illustrating  these  data  are  In  preparation  In  the  central  office,  and 
suitable  formulas  for  the  use  of  engineers  have  been  prepared. 

Observations  on  the  level  of  subterranean  waters  are  also  in  progress  at 
a  network  of  stations  scattered  over  the  Republic,  and  a  study  of  these  observa- 
tions is  in  progress.  There  Is  a  division  of  this  section  devoted  to  the  making 
of  forecasts  of  river  stages  and  the  publication  of  existing  river  heights  at 
important  places.  For  this  purpose  dally  telegrams  are  received  from  a  network 
of  river  observers,  and  forecasts  are  frequently  made  for  many  days  or  even 
weeks  In  advance. 

The  magnetic  section  continues  to  carry  on  observations  of  magnetic,  elec- 
trical, and  solar  phenomena  at  the  central  observatory  at  Pilar,  and  having 
completed  a  detailed  magnetic  survey  of  the  Republic  Is  preparing  plans,  under 
the  new  director,  to  study  the  relation  between  solar  conditions  and  terres- 
trial phenomena.    A  division  of  upper-air  research  Is  also  In  this  section. 

Another  activity  carried  on  by  the  Argentina  weather  service  at  considerable 
expense  Is  that  of  a  first-class  observatory  at  Laurie  Island,  60"*  43'  S. 
and  about  43*  W.  This  Island  Is  surrounded  by  ice,  and  Is  Inaccessible  during 
a  large  part  of  the  year,  but  during  the  summer  of  each  year  four  observers  are 
sent  out  with  equipment  and  food  for  a  year's  residence.  In  view  of  the  hard- 
ship, the  observers  are  changed  each  year,  unless  one  Is  especially  desirous 
of  returning  a  second  year.  This  observatory  has  been  In  oi)eration  since  1903, 
and  Is  maintained  purely  in  the  Interests  of  science.  It  Is  a  testimonial  to  the 
Interest  of  the  chief  of  the  service  in  scientific  research,  to  the  Idealism  of  the 
Argentine  people  who  support  it,  and  to  the  courage  and  enthusiasm  of  the 
observers,  four  of  whom  have  died  while  on  duty  and  lie  side  by  side  on  this 
Isolated,  Icebound  island. 

The  Chairman.  This  interesting  paper  is  before  you  for  dis- 
cussion. 

Mr.  J.  Warren  Smith.  Mr.  Chairman,  it  may  be  of  interest  to 
some  of  us  to  have  Mr.  Clayton  explain,  in  just  a  minute  or  two, 
what  is  being  done  along  the  line  of  agricultural  meteorology  in 
Argentina. 

Mr.  Clayton.  Agricultural  meteorology  has  not  been  very  much 
investigated  in  Argentina,  but  they  are  doing  something  in  the  ag- 
ricultural department.  A  few  months  ago  a  man  came  up  for  sta- 
tistics on  rainfall  and  temperature,  for  the  purpose  of  correlating 
them,  somewhat  in  the  same  manner  that  is  being  done  elsewhere 
by  the  correlative  statisticians,  but  we  have  not  seen  any  of  his  re- 
sults. The  work  is  being  done  in  the  agricultural  department,  but 
not  by  our  department,  so  I  can  not  say  anything  further  than  that 
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they  are  making  an  effort  in  the  agricultural  department  there  to 
study  that  correlation. 

Mr.  Talman.  I  should  like  to  ask  whether  it  is  true  that  the 
station  at  Laurie  Island  is  to  be  connected  by  wireless  with  Ar- 
gentina? 

Mr.  Clayton.  That  is  contemplated.  The  acting  director,  Mr. 
Wiggin,  went  to  the  naval  department  at  the  most  southern  of  the 
stations  in  Argentina  this  year  to  make  arrangements,  but  it  did 
not  seem  feasible  just  at  present  to  begin  it,  so  it  is  postponed  for 
the  present,  but  is  in  contemplation  as  soon  as  conditions  are  favor- 
able.   That  station  is  at  about  61^  S.  and  43°  E. 

The  Chairman.  If  there  is  no  further  discussion,  we  will  pro- 
ceed with  the  program.  The  paper  on  "  Contributions  to  Colombian 
meteorology,  by  Senor  Don  Jorge  Alvarez  Lleras,  in  charge  of  the 
meteorological  service  of  the  National  Observatory  of  Bogota,  will 
W  considered  as  read  bj  title. 


C0NTRIBUCI6N  A  LA  MBTEOROLOGfA  COLOMBIANA. 

For  JORGE  ALVAREZ  LLERAS, 

EncargarJo  del  Servicio  Meteoroldgico  del  Observatorio  Nacional,  Colombia. 

TNTRODUCCIiiN. 

El  presente  estiidio  tlene  por  objeto  resnmlr  lo  hecho  hasta  ahora  por  el 
Observatorlo  Nacional  de  BogotA  en  el  campo  de  la  Meteorologfa. 

Este  Observatorlo  es  astron6mlco  y  meteorol6glco,  por  consiguiente,  en  41  se 
ban  efectuado  observaciones  meteorol6gicas  tendientes  a  obtener  un  conoci- 
miento  completo  del  clima  del  pafs.  Hasta  ahora  se  ha  logrado  determinar 
exactamente  el  clima  de  Bogota,  segiin  las  variaciones  peri6dlcas  que  presentan 
una  ley  definida.  anotando  las  anomalfas  que  se  presentan;  mas,  en  lo  que 
respecta  a  otras  regiones,  s6\o  se  ha  podido  forma  r,  agrupando  datos  di versos 
una  descrlpcl6n  soiiiera,  referente  a  altitudes,  temperaturas  y  lluvia  media. 

Creemos  que  ya  se  ha  llegado  al  conoclmlento  completo  del  clima  de  BogotA, 
por  cuanto  las  observaciones  del  bar6metro  no  podrdn  suministrar  ningAn  otro 
dato  Atil  &  la  investigacl6n  de  las  causas  de  las  variaciones  de  presi6n,  en  la 
08cilaci6n  diurna  o  dindmica,  y  en  la  nocturna  o  eldstica,  nl  en  la  previsl6n 
del  cambio  de  tiempo.  Las  observaciones  conducentes  a  la.  determlnaci6n  de  la 
humedad  relatlva,  por  medio  del  sIc6metro  o  del  evapor6metro,  ban  suminlstrado 
ya  cuanto  podfan  dar  de  s(;  la  temperatura  media  estd  conocida,  lo  mismo 
que  los  Kmites  entre  los  cuales  oscilan  la  mdxima  y  la  mfnima;  el  r<5gimen 
general  de  los  vientos  reinantes  da  a  conocer  los  movimlentos  de  la  zona  de 
calmas,  las  peculiaridades  referentes  al  dcscenso  de  la  temperatura  en  Julio  y 
agosto,  la  exlstencia  de  llovlznas  en  estos  meses  y  el  retardo  de  la  segunda 
4poca  de  lluvias ;  de  suerte  que,  en  t^rmlnos  generales,  t&ltimamente  solo  se  ha 
buscado  una  confirmacl6n  de  las  conclusiones  halladas  por  el  Sefior  Director  del 
()bservatorio,  en  la  primera  serie  de  observaciones. 

Ahora  nos  proponenios  determinar  las  caractertetlcas  generates  del  clima,  en 
todo  el  pats,  niedlante  la  revision  de  los  datos  tomados  por  los  observadores  que 
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ya  Imu  trabajado  en  algunas  poblaciones,  y  la  central lzaci6n  de  los  que  se 
recojan  en  las  estaciones  meteorol6gicas  que  se  funden  con  tal  objeto. 

Ademds  de  ^to,  el  Observatorio  se  ocupard  en  la  determinacidn  de  la  radia- 
ci6n  solar,  por  medio  de  un  pirifielidmetro  Armstrong y  de  corriente,  en  la  deter- 
minaci6n  de  las  variaclones  diurnas  y  anuales  de  la  aguja  magn^tlca,  en  hallar 
el  valor  de  la  gravedad  (hasta  ahora,  para  las  coiTec^lones  del  bar6metro,  se 
ha  hecho  uso  del  valor  calculado)  y  en  el  establecimiento  de  un  servicio  sismo- 
16gico. 

Asl  pues,  es  necesarlo  en  este  estudio  dar  una  ligera  idea  de  los  trabajos 
que  se  han  hecho  hasta  ahora,  e  indicar  lo  que  falta  por  hacer,  para  obtener  un 
conocimiento  completo  del  cliiua  del  pais. 

En  consecuencia,  lo  dlvldiremos  en  tres  partes.  En  la  primera  se  da  una 
resefia  hlst6rica  de  los  trabajos  ej'icutados  en  territorlo  colombiano,  por 
observadores  extranjeros  o  nadonales,  ponlendo  de  manlfiesto  la  necesldad  de 
contlnuar  su  obra.  Esta  resefia  hlst6rica  no  se  habia  escrito  hasta  ahora,  que 
sepamos ;  serfi,  pues  de  utilldad  para  valorar  lo  que  se  ha  hecho  en  Ck)lombia  en 
la  investigaci6n  de  los  fen6menos  meteorol6glco8,  para  resolver  los  problemas 
con  ellos  relacionados  y  que  son  los  que  de  mfis  cerca  atafien  al  bienestar  de 
los  habitantes  de  un  pals.  En  la  segunda  parte  se  trata  de  dar  una  idea 
general  de  la  dlstrlbuci6n  de  las  lluvias  en  todo  el  territorio,  acopiando  datos 
relativos  a  las  diferentes  regiones. 

Esta  idea  serd  conveniente,  por  cuanto  Interesa  despertar  la  atenci6n  al 
desarrollo  de  la  Meteorologfa,  e  inclinar  la  accl6n  oficial  a  la  extensi6n  de  los 
centros  de  observaci6n  por  toda  la  Repdblica.  En  los  cllmas  intertropicales 
no  interesan  las  cuestlones  relacionadas  con  el  genesis  y  marcha  de  los  ciclones 
caracterlsticos  de  las  zonas  templadas,  nl  la  previsl6n  del  tiempo  para  evitar 
siniestros  marltimos  o  terrestres.  En  la  mayor  parte  de  las  porciones  habitadas 
del  pals  no  son  de  temer  los  huracanes  destructores  ni  las  fuertes  granizadas, 
mas  en  cambio,  el  mayor  mlmero  de  sementeras  es  vfctima  de  las  irregularidades 
que  se  presentan  en  las  estaciones  Uuviosas  o  secas.  La  determinaci6n  de  la 
cantidad  de  lluvia  cafda  y  su  distrlbuci6n  es,  pues,  el  principal  objeto  de  la 
Meteorologfa,  en  los  pafses  vecinos  a  la  Unea  equinocdal,  para  proveer  al 
establecimiento  de  Oficinas  de  IrrigacI6n,  estimular  los  cultivos  de  secano  y 
fomentar  el  desarrollo  del  aseguro  agrlcola. 

En  la  tercera  parte,  se  trata  muy  ligeramente  de  la  fijeza  del  bar6metro  en 
la  zona  ecuatorial,  para  insistir  en  la  Importancia  que  tienen,  en  la  regi6n,  los 
instrumentos  que  miden  la  presi6n  atmosf^rica  y  que  prestan  grandes  servicioa 
a  la  altimetria.  En  esa  parte,  se  dan  las  curvas  de  las  oscilaciones  barom^tricas 
diurnas  y  anuales,  con  indicaci6n  de  los  m^todos  seguidos  para  determinarlas. 

Ademds,  para  que  se  vea  el  servicio  que  el  Observatorio  presta  a  los  Ingenieros 
que  se  ocupan  en  medir  las  alturas  de  las  innumerables  pllegues  del  relieve  oro- 
grdfico  del  pals,  se  describe  un  aparato  construido  personalmente  por  nosotros, 
y  que  sirve  para  reconocer  los  bar6metros  aneroides,  corregirlos  y  patronarlos. 
Hasta  la  fecha  del  establecimiento  de  este  servicio,  los  aparatos  aneroides, 
grandemente  usados  por  todos  los  ingenieros,  daban  lugar  a  frecuentes  errores, 
por  cuanto  el  trasporte  y  el  tiempo  desarreglan  poco  a  poco  tales  mecanismos, 
que  entonces  requieren  ser  enviados  a  la  fdbrica  o  patronados  de  nuevo.  No 
es,  pues,  pequefia  la  utilldad  del  aparato  que  permite  comparar  el  instrumento 
antes  y  despu^  de  su  empleo,  y  por  conslguiente  obtener  una  media  de  las  lec- 
turas  hechas,  que  se  aproxime,  lo  mds  posible,  a  la  verdad. 

Si  el  corto  espacio  de  que  dlsponemos,  nos  hublera  permit ido  extendernos  en 
una  cuarta  parte,  la  habrfamos  dedicado  a  las  observaciones  actlonom^trlcas 
y  al  estudio  de  la  nebulosidad  por  meillo  del  helWgrafo. 


Digitized  by  VjOOQIC 


744       PEOCEEDINGS  SECOND  PAN  AMEKICAN   SCIENTIFIC  CONGRESS. 

HTSTOBIA. 

Fueron  debidos  u  los  esfuerzos  del  sabio  naturalista  Don  Jos4  Celestlno  Mutis, 
lo8  primeros  pasos  dados  en  el  Virrelnato  de  Nueva  Granada  en  el  sentldo  de 
Inlciar  observaciones  ordenadas  de  los  fen6menos  meteorol6gieos  y  estudiar  el 
cllma  ecuatorial  amerlcano,  a  tiempo  que  en  Europa,  Borda,  Lavoisier  y  Laplace 
pensaban  que  era  posible  la  previsi6n  del  tlenipo  mediante  la  observaci6n  de 
los  fendmenos  atmosf^ricos. 

Preclosos  debieron  ser  los  datos  recogldos  por  orden  y  disposlci6n  de  Mutis» 
cuando  se  fund6  el  Observatorlo  de  Santa  F6  (Bogota)  y  se  coleccionaron  los 
trabajos  de  la  "  Expedici6n  Botdnlca."  Desgraciadamente,  si  es  clerto  que 
parte  Importante  de  los  trabajos  de  esta  expedlci6n,  en  lo  que  se  refiere  a 
zoologla  y  estudio  de  la  flora,  fueron  aprovechados  mds  tarde  por  los  natura- 
listas  Lagasca  y  Pab6n,  espafioles,  y  por  el  llustrado  botAnlco  granadino  Seflor 
Jos6  Triana  (Trlana  y  Planchon — "Flora  Colombiana  "),  tambl6n  lo  es  que,  en 
cuanto  a  apuntaclones  sobre  fen6menos  meterol6glcos,  la  obra  de  la  c^lebre 
'*  Expedicl6n  "  puede  darse  por  perdlda,  ya  que  en  Madrid  es  punto  menos  que 
imposlble  revlsar  los  Archlvos  colonlales,  que  carecen  de  indices  convenientes. 

Segiin  esto,  las  primeras  observaciones  anotadas  que  poseemos,  se  deben  al 
Pr6cer  Don  Francisco  Jos6  de  Caldas,  quien  trabaJ6  por  establecerlas  regular- 
mente,  no  s61o  en  Santa  F^,  sino  en  otros  lugares  del  Virrelnato.  En  1807 
hlzo  Caldas,  en  Bogotd,  observaciones  meteorol6gicas  durante  todo  el  aflo,  segiln 
lo  refiere  Bousslngault  (Annales  de  Chlmie  et  Phlslque  1826) :  mas  de  el  las 
no  se  pudleron  encontrar  sino  extractos  Incompletos.  Em  1808  Caldas  publicd 
en  el  "  Semanarlo  de  la  Nueva-Granada,"  las  observaciones  heobas  por  ^l  per- 
sonalmente  en  el  Observatorlo  de  Santa  F6,  observaciones  que  se  extlenden  a 
los  sels  primeros  meses  de  ese  alio,  y  que  extractamos  en  el  primer  cuadro  que 
acompaQa  a  esta  resefia  hlst6rlca. 

Cuadro  de  las  observaciones  tneteoroldgicas  hechas  en  el  afio  de  1808,  por 
Don  Francisco  J,  de  Caldas,  en  el  Ohservatorio  Astrondmico  Nacional. 


Meses. 

Bar^metro. 

Tempen- 

tura 
media. 

P1UVI6. 

M&xima. 

Minima. 

metro. 

Enero 

a  5617 
0.5615 
a  5618 
a  5618 
a  5621 
0.5621 

3fttT0S, 

0.5594 
a55M 
0.5595 
0.5595 
0.5599 
0.5598 

• 

114.16 
14.14 
14.21 
14.33 
14.30 
14.81 

93.5 

Febrero 

42.3 

Mano 

177.5 

Abril 

20L6 

Mayo 

139.0 

Junto ^T-r - .,.-r- 

42.3 

» Centigrados. 

NOTA. — Los  datos  de  este  cuadro  vieron  la  Inz  ptlbUca  en  el  '*  Semanario  de  Nneva 
Granada  '*  v  fueron  reproducidos  en  los  "  Anales  de  InstrucciOn  PUbllca  *'  en  1886.  La 
columna  titulada  temperatura  media  debe  referirse  a  la  temperatura  media  durante  el 
dfa,  o  sea,  al  Intervalo  comprendldo  entre  las  6  a.  m.  v  las  6  p.  m.  Se  ignora  qu4  dase 
de  correcciones  hlao  Caldas  a  bus  observaciones,  lo  mismo  que  la  calldad  y  procedenda 
de  los  instrumentos  que  us6. 

Probablemente  comprometldo  ya  en  el  movlmlento  de  Ideas  polftlcas,  Inlclado 
por  Don  Antonio  Narlflo,  Caldas  lnterrumpl6  sus  observaciones  hasta  el  afio  de 
1810,  afio  en  que  se  publlcaron  las  hechas  en  el  mes  de  enero.  Entonces  estalld 
la  revoluci6n  del  20  de  Julio,  y  arrastrado  por  los  sucesos,  hubo  de  Interrumplr 
sus  trabajos  para  slempre. 

Durante  la  lucha  por  la  independencla  de  la  Corona  y  en  los  primeros  tlempos. 
despu^  del  advenlmlento  de  la  Repiibllca,  los  estudlos  del  cllma  y  de  los 
fen6menos  meteorol6glcos  se  abandonaron  completamente,  tanto  en  Santa  Fe 
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de  Bogotd,  como  en  otros  lugares,  donde  Galdas  habfa  logrado  despertar 
afici6n  a  los  estudios  ffslcos,  y  donde  se  habfan  emprendido  labores  de  In- 
vestigaci6n,  merced  a  la  Influencia  ilustrada  del  Qobierno  espafiol. 

Este  abandono  perdur6  hasta  el  alio  de  1828,  cuando  a  Instanclas  del 
€k>blerno  de  la  Gran  Colombia,  y  por  Influjo  del  Baron  de  Humboldt,  vlnleron 
hombres  de  clencla  a  establecer  en  Bogota  estudios  de  flslca,  matemdtlcas  y 
clencias  naturales.  Entonces  Rlvero,  Bousslngault  y  Roulln  efectuaron  obser- 
vaclones  meteoroldglcas,  que  se  publlcaron  en  Europa  por  Ferrussac,  y  que 
despu^  reprodujo  el  General  Joaquin  Acosta  (Vlajes  Clentfflcos  a  los  Andes 
Ecuatorlales  1849),  y  complete  Rlvero  en  sus  "Memorlas  Glentfficas"  publl- 
cadas  en  Bruselas  en  1857.  De  las  observaclones  de  Bousslngault,  que  se 
refieren  al  lapso  trascurrido  de  medlados  de  1823  a  medlados  de  1824,  coplamos 
un  cuadro,  a  contlnuacl6n  de  las  observaclones  de  Galdas. 

Cuadro  de  IdS  ohBervaciones  fneteoroldgicas  hechas  en  lo8  afloa  de  182S  y  1824, 
por  Mr,  BousHngault,  en  la  ciudad  de  Bogotd. 


Aflodol828-Me8e8. 

Bartfmetro. 

AflodelSM-lfeses. 

Bartfmetro. 

liftztana. 

Mtnltny. 

U^YlmA 

Ufnltnft, 

Agosto 

Metro9. 
a5622 

Metro: 
n.fifioo 

Enero 

Metro%, 
0.5616 
0.5617 
a  5610 
0.5624 
a  5610 
a5622 
a5622 

Metrot. 
a  5598 

Setlembre 

0.5623  1       a6607 
a6630  1        0.5604 
0.5616  '       0.fii»4 

0.5504 

Octubre 

Marro 

0.5607 

Noviembre 

Abrfl 

0.5590 

Diciembro 

a5633 

assso 

Miiy^ 

0.5506 

Junio 

a5602 

Julio 

0  5607 

Temperatura  media  del  aire,  15*.8. 

NoTA. — Se  ignora  la  clase  de  instrumentos  usados,  lo  mismo  que  la  tempera- 
tura media  absoluta.    No  hay  datos  del  pluvWmetro. 

Cuadro  de  las  Observadones  meteoroldgUxu  hechas  en  Bogotd,  por  el  Setior 
Oral  Joaquin  Acosta,  en  los  aHos  de  18SS,  18S4  y  18S5,  con  un  bardmetro 
de  Bunten,  de  sifdn,  comparado  con  el  del  Observatorio  de  Paris,  y  un 
termdmetro  centigrado  del  mismo  fabricante. 


Meaes. 

0  a.m. 
bardme- 
tro. 

Temper- 
atura. 

8  p.m. 
bardme- 
tro. 

Temper- 
atura. 

Alio  de  1833. 
E^ero 

Metrot. 

a56ao 

a5633 
a  5618 
a  6618 
a5623 

a5625 

• 

13.30 
18.50 
16.60 
15.90 
15.70 

12.80 

Metrot, 
a5604 
a5604 
a5604 
a5606 
a5607 

a5607 

• 
17.70 

Fobrero 

17.50 

Harzo 

10.70 

Abrfl.     

18.00 

Mayo 

17.40 

1834. 
jgxiero 

18b  10 

Febrero 

Hano       

AbrU 

Mayo 

a5628 
a5628 
a  5628 

a  5610 

i6.'46 
17.70 
17.70 

14.70 

a5600 
a5608 
a5607 

0.5507 

17.0 

Junio        

17.0 

JaUo 

21.0 

1835. 
Enero 

17.30 

Febrero 

Marzo 

a  5610 
a5624 

1&60 
16.70 

a5600 
a5602 

16.10 

AbrU 

16.30 

NoTA. — ^Estos  datos  se  volvleron  a  publlcar  en  los  "Anales  de  Instruccl6n 
Pdblica,**  en  el  afio  de  1887.  Las  Indlcadones  conslgnadas  en  el  cuadro  estAn 
tlnlcamente  corregldas  de  temperatura.  Deben  correglrse  de  capUarldad  y 
gravedad.    No  hay  datos  del  pluvl6metro. 
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En  el  afio  de  1828  public^  el  Dr.  Benito  Osorlo  unas  observaciones  veriflcadas 
en  1827,  y  desde  el  aflo  de  1831  hasta  1835,  el  General  Acosta,  deseoso  de  con- 
tlnuar  la  obra  de  Bousslngault  (V^ase  la  correspondencla  de  Humboldt),  hlzo 
observaciones  en  lugares  dlstintos,  con  culdado  y  prolljldad.  Las  que  verified 
en  el  Observatorlo  de  Bogotd  se  debleron  a  la  Inlclatlva  del  Groblemo  del  General 
Santander,  quien  nombr6  a  Acosta,  "Director  del  Museo  y  del  Observatorlo 
Naclonal."  De  los  datos  tornados  por  Acosta,  s61o  hemos  vlsto  los  que  se  refieren 
a  los  alios  de  1833,  1834  y  1835  y  que,  en  un  cuadro  Incompleto,  coplamos  a  con- 
tinuacl6n  de  las  observaciones  de  Bousslngault  Por  aquella  ^poca  las  ideas 
de  Humboldt  respecto  a  las  variaclones  de  la  altura  del  bar6metro  y  a  las  in- 
fluencias  de  la  latitud  y  la  altltud  en  el  trazado  de  las  Ifneas  isot^rmlcas,  habfa 
dado  cierta  resonancla  en  el  mundo  cientlfico  a  los  trabajos  de  los  fisicoe 
conocedores  de  las  regiones  equinocclales.  La  circunstanda  de  que  tanto  Co- 
lombia, como  el  Ecuador,  dllatan  su  territorio  en  la  proximidad  del  ecuador,  y 
poseen  regiones  sltuadas  a  alturas  muy  dlversas  sobre  el  nlvel  del  mar,  permltid 
fljar  la  atenci6n  en  la  Influencia  marcada  de  la  altitud  sobre  la  presidn  y  en  la 
fljeza  relativa  del  bar6metro  en  las  regiones  equinocclales.  De  esta  suerte,  no 
861o  tuvieron  importancia  especial  los  trabajos  de  Humboldt  y  Bousslngault, 
sino  que,  relaclonados  fntimamente  con  los  de  Oaldas,  Acosta  y  otros,  granadlnos 
y  ecuatorlanos,  sirvleron  de  base  para  el  estudio  de  la  climatologfa  colomblana 
y  de  la  zona  t6rrida  americana.  (A.  Humboldt — "Viaje  a  los  pafses  equi- 
nocclales del  Nuevo  Continente". )  Es  de  esta  manera  como  se  explica  la  co- 
operaci6n  de  Bourdon,  Gaudot,  Koulin  y  Bousslngault,  que  cedlendo  a  los 
deseos  de  Humboldt,  trabajaron  en  asocio  de  Ingenieros  amerlcanos,  en  la  de- 
termlnacl6n  de  las  prlncipales  caracterfstlcas  de  nuestros  cUmas. 

Despu^  de  Acosta,  solo  hasta  la  Presideucia  primera  del  ilustrado  y  progre- 
slsta  General  Mosquera,  los  estudlos  meteorol6glco8  merecieron  atenddn  de  parte 
del  Goblerno.  En  1835  vieron  la  luz  piiblica,  en  la  "Cr6nlca  Semanal",  varlas 
observaciones  espor6dlcas  referentes  al  cllma  de  Bogota,  mas  b61o  hasta  el  afio 
de  1848  publlc6  el  General  Mosquera,  en  la  "Gaceta  Oficial",  sus  proplas  ob- 
servaciones. En  este  afio  el  Goblerno  de  Nueva  Granada,  contrat6  el  levanta- 
miento  de  la  Carta  con  el  Coronel  Codazzi,  anex5  el  Observatorlo  al  Colegio 
Militar,  regentado  por  el  Profesor  Aim6  Bergeron,  dot<5  al  Observatorlo  con 
algunos  Instrumentos,  favoreci6  las  expediciones  cientificas  por  dlstlntas  re- 
giones, y  no  omiti6  esfuerzo  en  el  sentido  de  obtener  datos  referentes  a  clima- 
tologfa, geografla  ffsica  y  geologfa  del  territorio  nacional. 

Durante  algtin  tlempo,  despu^  de  la  direcci6n  del  General  Acosta,  fueron 
Directores  del  Observatorlo  Astron6mlco  y  MeteoroWglco,  Don  Benedicto  Do- 
mfnguez  y  Don  Francisco  Javier  Matiz,  sin  dejar  dato  alguno  relativo  a  observa- 
ciones practicadas  entonces. 

Nota  del  Dr,  Uricoechea. — "  Nos  servimos  del  bar6metro  No.  105  de  Frastre, 
de  nivel  constante.  Tanto  este  como  nuestro  term6metro  han  sido  comparados 
con  los  del  Observatorlo  Imperial  de  Francia,  por  nuestro  malogrado  amigo 
M.  Goujon.  Publicamos  la  presi<5n  atmosf^rica  sin  reducci6n  a  O*.  AAotamos 
dos  obras  excelentes  que  tienen  este  objeto:  "Meteorological  Tables"  por 
Guyoto,  Washington,  1851,  y  las  tablas  de  Oltmans,  1839,  que  son  generalmente 
usadas.  El  punto  de  agua  hirvlendo  ha  sido  determinado  en  Bogota  por  medio 
de  un  hips6metro  de  Regnault.  Todas  las  observaciones  han  sido  hechas  de 
la  mlsma  manera  que  se  hacen  en  el  Real  Observatorlo  de  Bruselas,  donde 
durante  ocho  meses  tuvlmos  la  honra  de  estudiar  y  practicar  al  lado  de  su 
ilustre  Director  M.  Quetelet  Habi^ndosenos  roto  en  el  trasporte  de  Europa 
a  Bogotd  los  term6metros  de  maxima  y  minima  y  careciendo  absolutamente 
de  anem6metro,  galvan6metro  y  aparatos  para  la  incllnacl5n  y  declinaci<5D 
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de  la  aguja  magn^tica,  no  nos  ha  sido  posible  observar  otros  fen6nienos 
ineteorol6gIcos.  Las  divisiones  de  los  termdmetros  son  centesimales.  El 
baridmetro  da  los  rall^lmos  y  sus  fracclones.  El  agua  hlerve  en  Bogota  a 
los  90.32  C.  M6s  tarde  nos  proponemos  dlscutlr  la  altura  absoluta  de  Bogota 
por  los  resultados  obtenidos  con  el  bar6metro  y  el  punto  del  agua  hlrviendo/' 

De  los  datos  esporddlcos,  publlcados  por  Don  Jos6  Calcedo  Rojas  en  "El 
Pasatlempo"  (Afio  de  18il2)  y  por  P.  Cornette,  en  el  "Anuario  Meteorol6glco  de 
Francla,"  (sobre  observaclones  efectuadas  en  Bogotd,  en  185C),  no  hemos 
podido  tomar  nota  por  carecer  de  los  Informes  blbliogrdflcos  correspondientes. 

Despu^  del  cuadro  en  que  flguran  los  datos  acopiados  por  el  General 
Acosta,  insertamos  un  compendlo  de  las  observaclones  hechas  en  Bogota, 
desde  el  27  de  Mayo  hasta  el  30  de  Junlo  de  1857,  por  el  ilustrado  naturalists 
Don  Ezequiel  Uricoechea,  con  el  objeto  de  anotar  el  hecho  de  que  las  correo^ 
clones  barom^trlcas  deben  dar  resultados  dudosos  en  las  medias  de  las 
presiones  observadas  en  BogotA  hasta  1896. 

Cuadro  de  las  Obaervaciones  MeteoroldffioaB  hecha$  en  Bogotd,  desde  el  t7  de 
mayo  hasta  el  SO  de  junio  de  1867,  por  Ezequiel  Vricoeohea. 
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En  el  mismo  afio  de  1858,  M.  Frisak  practice  varias  observaclones,  conjunta- 
mente  con  la  determlnaci6n  de  la  declinacI6n  de  la  aguJa  magn^tica ;  y  en  1859 
Don  Jos^  Comelio  Borda  se  encarg6  de  la  Direcci6n  del  Observatorio,  sin  que 
se  sepa  cuales  fueron  sus  trabajos  en  el  campo  de  la  Meteorologla. 

La  guerra  civil  de  1860  paraliz<5  no  solo  la  reorganlzaci6n  del  Observatorio, 
si  no  la  continuaci6n  de  los  trabajos  de  la  Comlsi6n  C5orogrAflca,  de  la  cual 
formaron  parte,  despuiSs  de  la  muerte  de  Codazzi,  los  sefiores  Mp  luel  Ponce, 
Manuel  Mai'fa  Paz  e  Indalecio  Li^vano,  conocldo  matem6tico  national,  quien 
despu^  de  su  regreso  de  la  Costa  AtlAntica,  determin6  la  altura  del  barometro 
en  Bogota. 
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Esta  determinaci<)ii  se  hlzo  por  medio  de  observaciones  simult&neas ;  en 
Bogotd  ob8erv6  la  columna  barom^trlca,  en  el  Sal6ii  principal  del  Observatorlo, 
el  Seflor  Ll^vano,  y  en  Cartagena,  en  un  sltlo  colocado  a  una  altura  media 
sobre  el  nivel  del  mar  de  8.5",  observe  el  Sefior  William  Chandless.  En  ambos 
lugares  se  tom6  la  temperatura  del  aire  amblente.  El  promedio  de  18  observa- 
ciones slmultdneas  fu^: 

En  Cartagena — ^Agua  hlrvlente,  99.96** ;  temperatura  amblente, -27.32**. 

Kn  Bogota — ^Agua  birvlente,  Ol.TS** ;  temperatura  amblente,  15.40*.  Para 
la  temperatura  de  ebulllcl6n  en  Bogota,  dan  las  tablas  de  Regnault,  para  la 
altura  de  la  columna  barom^trlca,  561.01"*". 

Fuera  de  este  trabajo,  el  Sefior  Ll^vano  dlrlgl6  algunas  observaciones  meteo- 
rol<)glcas  en  1862,  observaciones  que  Interrumpid  por  algdn  tlempo  y  continu6 
despu^a  en  1868,  1871  y  1872. 

Realmente  donde  se  han  verlficado  observaciones  meteorol6glcas  con  alguna 
regularldad  ha  sido  en  Bogotd,  ya  que  en  otras  poblaclones  solo  se  encuentran 
datos  alslados,  generalmente  tomados  por  viajeros  que  han  atravesado  rdpida- 
mente  el  terrltorlo.  Caldas  comprendl<5  la  necesldad  de  extender  el  radio 
de  accl6n  a  otros  puntos  y  por  eso  trabaj6  con  ahlnco.  En  sus  viajes  por 
diversas  reglones  del  pals  practice  observaciones  barora^tricas,  hipsom^tricas, 
lilgrom^trlcas  y  de  temperatura  y  las  acompafi6  con  descripclones  de  los 
cllmas,  llenas  de  vlveza  descrlptlva  y  apuntaclones  crftlcas  llustradas.  Para 
poner  un  ejemplo,  6lgase  como  describe  le  6poca  de  Uuvlas  en  las  feraces 
reglones  del  Choc<5: 

"  Llueve  la  mayor  parte  del  afio.  EJ^rcitos  inmensos  de  nubes  se  lanzan  en 
la  atm6sfera,  del  seno  del  Oc<5ano  Pacfflco.  El  vlento  O,  que  reina  constante- 
mente  en  estos  mares,  las  arroja  deutro  del  continente ;  los  Andes  las  detlenen 
en  la  mltad  de  su  carrera.  Aquf  se  acumulan  y  dan  a  esas  moutafias  un  aspecto 
sombrfo  y  amenazador;  el  cielo  desaparece,  por  todas  partes  no  se  ven  sino 
nubes  pesadas  y  ne^'as,  que  amenazan  a  todo  vlviente.  Una  calma  sofocante 
sobrevlene ;  este  es  el  momento  terrible ;  rAfagas  de  vlento  dlslocadas  arrancan 
6rboles  euormes;  explosiones  el^trlcas,  truenos  espantosos;  los  rfos  salen 
de  su  lecho;  el  mar  se  enfurece;  olas  lumensas  vlenen  a  estrellarse  sobre 
las  costas;  el  clelo  se  confunde  con  la  tlerra  y  todo  parece  que  anuncla  la 
rulna  del  unlverso.  En  medio  de  este  confllcto  el  viajero  palldece,  mientras 
que  el  habltante  del  Choc6  duerme  tranquilo  en  el  seno  de  su  familia.  Una 
larga  experlencla  le  ha  ensefiado  que  los  resultados  de  estas  convulsiones  de 
la  naturaleza  son  pocas  veces  f unestos ;  que  todo  se  reduce  a  luz,  agua  y  ruldo, 
y  que  dentro  de  pocas  horas  se  restablece  el  equlllbrlo  y  la  serenldad." 

Verdadero  inventor  del  hlp86metro,  Caldas  fu6  el  priraero  que  not6  la 
estabilldad  de  la  columna  barom^trlca  en  la  zona  ecuatorlal  y  las  variaciones 
de  la  temperatura  de  ebullicl6n  del  agua  a  diversas  alturas  sobre  el  nivel  del 
mar,  por  cuanto  41  se  encontraba  en  condlciones  favorables  para  hacer  esta 
observacWn,  ya  que  las  variaciones  accldentales  de  la  presi6n  atmosf^ica, 
en  las  zonas  templadas,  hacfan  Imposible  verlficar  esta  experlencla  sin  nlnguna 
Idea  preconceblda,  a  este  respecto.  Nl  el  mlsmo  Humboldt,  qulen  usaba  ea 
sus  ascenslones  "  un  aparato  termom^trlco  que  le  recomend6  Saussure  y 
que  le  merecfa  poca  conflanza,"  pudo  notar  el  fen6meno  en  Europa.  En  una 
conversacl6n  que  Caldas  tuvo  con  el  viajero  alemdn,  relativa  a  las  experienclas 
de  Heberden,  conversacl6n  relatada  por  el  mlsmo  Caldas  se  lee : 

"  En  las  prlmeras  conversaclones  le  trate  sobre  la  materia,  y  me  dljo  que 
Suclo  habfa  trabajado  sobre  el  particular  y  habfa  ensefiado  el  m^todo  de  medir 
las  montafias  sin  el  bar6metro.  Ya  se  deja  ver  con  que  ansla  olria  al  Baron 
sobre  este  punto.  Yo  cref,  vl  mis  Ideas  conio  una  cosa  que  habfa  nacldo  en 
ml  esplrltu  a  velnte  afios  de  agotada  en  Europa,  y  solo  trat^  de  presentar 
Unas  Ideas  confirmatorlas  de  la  teorfa  de  Suclo,  apreclables  por  ser  en  grandes 
elevaclones  y  en  la  vecindad  del  ecuador.  Inst^  a  este  sabio  viajero  por 
el  exponente  y  por  las  experienclas  de  Suclo,  i)ero  cuando  quLso  tomarlo  de 
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8U8  manuscrltos,  hall6  que  Sucio  no  habfa  pensado  en  el  agua  hirvieiulo, 
que  este  ffsico  solo  era  el  perfeccionador  del  m^todo  de  Heberden,  que  asigna 
640  pies  por  un  grado  menos  en  el  term6nietro  expuesto  al  aire  y  vuelvo  yo 
a  entrar  en  posesi6n  de  ml  pequeflo  descubrlmlento." 

En  realldad,  Humboldt  ya  habfa  usado,  en  su  ascension  al  plco  de  Tenerlfe, 
el  m^todo  empleado  con  Caldas,  mas  nada  preclso  habfa  sent  ado  sobre  el 
particular.  Habiendo  Caldas  efectuado  varlas  expedlclones,  a  todas  las  alturas 
sobre  el  nivel  del  mar,  y  habiendo  resldldo  largo  tlempo  en  veclndades  de  la 
llnea  equlnoccial,  estuvo  en  aptltud  para  formular  las  leyes,  que  61  tuvo  como 
suyas,  antes  que  el  mlsmo  Humboldt. 

Por  supuesto  que  a  Humboldt  debemos  las  noclones  princlpales  que  se 
refieren  a  la  meteorologfa  de  las  reglones  Intertroplcales.  Por  tanto,  la  nacl6n 
colombiana  es  la  prlmera  en  reconocer  los  m^rltos  de  ese  llustre  sablo.  Con 
Colombia  y  sus  hombres,  mantuvo  slempre  Humboldt  relaclones  amlstosas,  como 
lo  prueba  la  correspondencla  del  General  Acosta;  a  61  se  debl6  la  venlda  de 
Bousslngault  y  que,  afios  despu^s,  el  Goblerno  de  la  Repi!ibllca  encargara  el 
levantamlento  de  la  Carta  al  Coronel  Codazzl. 

Tambl6n  este  llustre  vlajero  y  ge6grafo  contrlbuy6  a  la  meteorologfa  del 
pafs;  pues,  en  sus  Notas  de  vlaje,  conslgn6  interesantes  observaclones  suyas, 
sobre  el  cllma  de  las  reglones  que  vlsltaba.  Asi,  por  ejemplo,  para  expllcar  el 
retardo  de  las  Uuvlas  en  el  valle  del  rfo  Magdalena,  cuando  el  sol  pasa  al 
hemlsferlo  austral,  en  septlembre,  Codazzl  dice: 

"  Es  sabldo  que  la  causa  de  los  vlentos  estd  en  la  dlferencla  de  temperaturas 
de  dos  pafses  veclnos,  lo  cual  produce  una  ruptura  de  equlllbrlo  entre  las  capas 
atmosf^rlcas.  SI  dos  columuas  de  aire  tlenen  la*niisma  temperatura  y  densldad 
en  toda  su  altura,  permanecen  en  equlllbrlo;  pero  si  la  tlerra  sobre  la  cual 
reposan  se  callenta  dlferentemente,  el  equlllbrlo  no  puede  menos  de  perturbarse, 
generdndose  vlentos  que  Irdn  del  pafs  cdlldo  al  pafs  frfo,  por  la  parte  superior ; 
y  producl^ndose  por  la  Inferior  una  corrlente  Inversa  que  rasard  la  superficle 
de  la  tlerra.  Cuando  el  sol  regresa  del  Tr6plco  de  C&ncer  y  ejerce  su  Influjo 
sobre  las  selvas  del  ba jo  Magdalena,  6stas  se  callentan :  la  corrlente  superior  de 
aire  rarefacto,  se  dlrlge  hacla  el  mar,  y  la  inferior  deberfa  bafiar  el  alto  Mag- 
dalena ;  pero  no  llega  a  61,  porque  se  halla  balanceado  con  el  aire  de  ese  pafs, 
calentado  por  el  sol  en  su  paso  hacla  el  Ecuador.  Mas  como  dlcho  astro  al  llegar 
a  6ste,  en  su  paso  al  hemlsferlo  austral,  callenta  los  pafses  sltuados  en  la  vertical 
de  los  puntos  que  recon*e,  las  corrientes  superlores  se  dlrlgen  en  consecuencla 
hacla  el  S.,  y  las  frfas  hacla  el  N.,  determlnando  las  lluvlas  de  octubre  y 
novlembre,  que  suelen  prolongarse  tambl6n  hasta  medlados  de  dlciembre." 

Despu6s  de  la  muerte  de  Codazzl  y  de  la  termlnacl6n  de  la  Comlsl6n  Coro- 
grdfica,  el  Dr.  Ll6vano,  como  ya  se  dljo,  qued6  en  el  Observatorlo  Naclonal  y 
practice  allf  obsenuiclones  meteorol6glcas  hasta  1872,  colncldlendo  su  trabajo 
con  el  del  Dr.  Juan  de  Dlos  CarrasqulUa,  quien  inlcl6  observaclones  pluvlo- 
m6trlcas  en  1866.  De  los  datos  meteorol6glcos  tomados  por  el  Dr.  Li6vano  no 
hemos  tenldo  notlcla ;  en  camblo,  los  debldos  al  Dr.  CarrasqulUa,  se  conservan 
en  su  mayor  parte,  publlcados  en  el  perl6dlco  denomlnado  "El  Agrlcultor". 

El  Dr.  CarrasqulUa  fu6  un  investlgador  Infatlgable:  por  muchos  aflos  y  a  su 
propla  costa,  practlc6  observaclones  meteorol6glcas  en  un  Observatorlo  de  su 
propledad  y  sumlnlstr6  datos  preclosos  para  la  determlnacWn  del  cllma  de  la 
altlplanlcle  de  BogotA. 

La  relatlva  fijeza  del  bar6metro  y  la  perlodlcidad  de  sus  pequefias  variaclones, 
llamaron  poderosamente  la  atencl6n  del  Dr.  CarrasqulUa ;  y  al  estudlo  de  este 
fen6meno  dedlcd  gran  parte  de  su  actlvldad  clentfflca. 

Probablemente  bajo  la  Influenda  de  preocupaclones  de  la  6poca,  el  Dr.  Ca- 
rrasqulUa atrlbuy6,  al  expllcar  la  causa  de  las  oscllaciones  dlurnas  del 
bar6metro,  una  Importancla  mucho  mayor  de  la  que  tlene  en  realldad,  a  la 
accl6n  atractlva  del  sol  y  de  la  luna.  En  un  trabajo  publlcado  en  los  "Anales 
de  Ingenlerfa,"  baJo  el  tftulo  de  "Datos  para  la  Ollmatologfa  en  Colombia" 
aice:  ^  , 
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"  La  regularidad  misma  de  las  oscilaciones  horarias  confinua  suficientemente 
que  la  atracci6n  solar  es  su  causa,  que  este  astro  obra  por  atracci6n,  por  su 
masa,  mds  que  por  sus  propledades  calorfficas,  sobre  el  peso  de  la  atm6sfera. 
Al  medio  dfa,  cuando  el  sol  estA  mds  cerca  del  ecuador  terrestre,  ejerce  la 
mayor  atracci6u  sobre  los  puntos  del  globo  situados  en  la  Unea  equinocclal  y 
a  ambos  lados  de  ella  "  (En  lugar  de  "ecuador"  y  "Ifnea"  " equlnocdal "  ha 
debldo  decirse:  "  merldiano  ") ;  pero  como  su  acci6ii  no  es  InstantAnea,  a  causa 
de  la  naturaleza  gaseosa  de  la  atm6sfera,  se  tarda  algunas  horas  en  hacerse 
sensible,  y  el  bar6metro  *no  marca  la  menor  altura  de  la  columna  mercurial 
hasta  las  tres  o  las  cuatro  de  la  tarde,  asf  como  las  mareas  ocednicas  se  hacen 
sentir  con  algun  atraso  y  en  relaci6n  con  la  posici6n  del  lugar.*' 

A  la  explicaci6n  del'  Dr.  Carrasquilla  se  pueden  presentar  las  siguientes 
objeciones : 

Primero.  Las  oscllaciones  horarias  del  bar6metro  no  est&n  bajo  la  depen- 
dencia  de  la  atraccl6n  lunar,  porque  dichas  oscllaciones  se  efecttian,  segtin  las 
observaclones,  sensiblemente  a  unas  mismas  horas,  durante  todo  el  afio. 

Segundo.  Siendo  asf,  las  oscllaciones  tampoco  estdn  baJo  la  dependencia  de  la 
atracci6n  solar,  porque,  a  la  distancia  que  de  este  astro  nos  separa,  ^ta  es 
menor  que  la  de  la  luna. 

Tercero.  La  explicaci6n  del  Dr.  Carrasquilla  no  es  suflciente  para  expUcar  la 
minima,  observada  en  las  horas  de  la  madrugada. 

Estas  objeciones  pueden  citarse  a  tftulo  de  curiosidad,  pues  la  causa  tlnica 
de  las  oscllaciones  diurnas  del  bar6metro  es  la  variaci6n  de  temperatura.  Kamz 
fu6  el  primero  que  di6  la  explicaci6n  convenlente,  con  el  objeto  de  no  hacer 
intervenir  las  mareas  atmosf^rlcas  en  este  fenCmeno.  No  hay  para  que  atribuir 
la  doble  oscilaci6n  barom^trlca  a  las  mareas,  cuya  influencia,  en  la  presK^n 
atmosf^rica  es  insignificante,  segtln  lo  demostr6  Laplace. 

En  la  illtlma  6poca  de  observaclones  del  Dr.  Carrasquilla,  el  Pbro.  Dr.  Joaquin 
G6mez  Otero,  practice  tambl^n,  al  mlsmo  tiempo,  observaclones  meteorol6gicas 
en  el  Observatorlo  anexo  al  Semlnario  Conclliar.  De  los  datos  acumulados  por 
el  Dr.  Gl^mez  Otero  copiamos  un  cuadro,  correspondlente  a  1886,  que  contiene 
el  resultado  anual  de  las  Indicaciones  del  bar(imetro,  el  term6metro,  el  sic6- 
metro  y  el  pluvi6metro,  sin  que  en  61  se  hicieran  las  correcclones  al  bar6metro. 

Cnadro  de  las  Observacioncs  Metcoroldgicas  heehaws  en  el  Seminario  ConcUiar 
de  Bogotd,  en  el  aiio  de  1886,  por  el  Rector  Joaquin  Q6mez  Otero, 
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Resumen  anual:  Bar<5metro— mAxima,  promedio  mensual,  0.5618;  minima,  promedlo  anual.  0.6544' 
media,  promedio  anual,  0. 5591.  Tenndmetro— maxima,  promedio  anual,  22.0;  zm nimiu  promedio  anaal» 
6.5;  loeoia,  promedio  anual.  14.1.    Pluvidmetro— Uuvia  durante  el  afio,  1.3609;  humedad  media,  82. 

NoTA.— Se  ignora  la  calioad  de  los  instrumentos  usados,  lo  roismo  que  los  m^todos  que  se  empleatoa 
Este  cnadro  fu^publicado  en  los  Anales  de  Instmocidn  Ptiblica. 
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Hasta  el  afio  de  1803  practlc6  observaclones  meteorol6gicas  en  el  Observa- 
torlo  Nacional,  el  sefior  Don  Jose  M.  Gonzales  Benito,  y  de  ellas  se  da  una 
muestra  en  el  cuadro  correspondlente  al  afio  de  1890,  y  que  coplamos  con  el 
objeto  de  establecer  parang6n  entre  los  m^todos  usados  hasta  1893  y  los  que  ha 
empleado,  de  ese  afio  para  acA,  el  Dr.  Garavlto,  actual  Director  del  Observatorlo. 

Cuadro  de  las  Observaciones  Meteoroldgicas  hechas  en  el  Observotorio  Astro- 
ndmico  Nacional,  en  el  ailo  de  1890. 
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Rosumenanual:  Bardmetro,  m^lxima  promedio  anual,  0.56226;  minima,  promedio  anual,  0.66022;  media 
promedio  anual,  0.66124.  Tenndmetro— maxima,  promedio  anual,  17.67;  minima,  promedio  anual,  9.10; 
media,  promedio  anual,  13.38.    Pluvidmetro— lluvia  durante  el  aflo,  lm3355;  humedad  media,  70.3. 

NoTA.— Este  cuadro  fn^  publicado  en  loe  Anales  de  Instrucadn  Ptiblica.  Las  observaciones  se  hicieron 
con  inatrumentos  del  Ob«iervatorio. 

Termina  aqui  la  resefia  hlst6rica  que  se  refiere  a  la  marcha  de  los  estudios 
nieteorol6gico8  en  el  pals,  haclendo  notar  que,  ahora,  cuando  merceil  a  la 
colaboracl6n  de  los  llustrados  P.  P.  Agustinos  de  Barranqullla  y  de  las  estaciones 
raeteorol6gicas  de  las  Unlversidades  de  Antloquia  y  del  CAuca,  se  pueile  orj?a- 
nlzar  un  servicio  central  de  Meteorologfa ;  y  que  los  conocimientos  del  Dr. 
Garavlto,  su  prdctlca  y  lo  acertado  de  su  dlreccl6n,  hardn  que  los  estudios 
meteorol6glcos  en  Colombia  se  pongan  a  la  altura  de  los  Uevados  a  cabo  en 
otras  Kepiiblicas  de  America. 

DISTBIBUCI6n    de    lab    LLUVIAS    en    las    DIFKRENTKS    HEOIONES    del    PAfs. 

En  el  croquls  cartogrdflco  *  que  acompafia  al  presente  estudlo.  se  encuentran 
marcadas,  con  tinta  negra  sobre  fondo  azul,  las  dlferentes  regiones  que 
presentan  caracterlstlcas  pluvlom^tricas  dlferentes,  y  que  merecen  estudlo 
especial,  pues  del  conocimlento  completo  de  tales  caracterfstica.s  y  de  sus  modlti- 
caciones,  se  deducir&  el  cllma  general  de  la  Repdbllca,  Junto  con  algOn  plan 
que  gule  al  Mlnisterlo  de  Agricultura,  en  sus  concesiones  sobre  terrenos  bal(K(»s 
y  en  sus  disposiciones  sobre  irrlgacidn  y  legi.slacl6n  de  aguas. 

Ilasta  ahora,  por  mil  causas  Independlentes  de  la  voluntad  del  Supremo 
€k>blerno,  ailn  no  se  ha  organlzado  un  servicio  raeteorol6gico  central izado  con- 
venientemente  y  que  se  proponga  obtener  los  datos  apuntados  arrlba.  Por  I'so 
esta  parte  del  presente  estudlo  adolece  de  indetermlnaclones  Inevitables.  pu<^.  en 
su  desarrollo  hemos  tropezado  con  falta  de  observaclones  ordenadas,  preel.sas  y 
sobre  todo,  reducldas  a  un  centro  comtin.  En  la  mayor  exten.si6n  del  pals  lus 
resultados  de  las  observaclones  meteorol6glcas  practlcadas,  se  presentan  alsln- 
dos,  esporftdlcamente  dlspersos,  y  en  muchas  ocaslones,  ofrecon  pooo  crCnllto. 
Solo  de  Bogota  y  de  la  Sabana  de  BogotA,  exlste  un  acopio  suficlente  <!e  diitos 
pluvlom^trlcos  fldeillgnos,  que  cubra  un  espaclo  de  tiempo  considerable:  pues, 
aunque  en  algunas  otras  poblaclones,  como  Barranqulla,  PopayAn  y  Medellfn, 
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se  han  hecho  observaciones  regulares,  tetas  no  son  ni  tan  continuadas,  ni  tan 
oompletas  como  las  practlcadas  en  Bogota.  Los  datos  que  se  refieren  a  otras 
regiones  del  pals,  como  se  acaba  de  decir,  son  muy  escasos,  y  en  sa  mayor  parte 
se  deben  a  vlajeros  que  han  recorrido  de  prisa  el  terrltorio. 

Los  Observatorios  permanentes,  dotados  de  pluvldmetros,  que  actualmente 
funcionan  en  Barrauquilla,  Popayftn  y  Medellfn  son:  en  BarranqulUa,  uno  a 
cargo  de  los  R.  R.  P.  P.  Agustinos,  en  Popaydn,  otro  a  cargo  de  un  profesor 
francos  que  depende  de  la  Univresldad  y  en  Medellfn,  el  Observatorlo  Meteoro- 
16glco  de  la  Universldad  de  Antioquia. 

En  t^rminos  generates  podemos  describir  las  condlciones  de  humedad  y  de 
lluvia  del  terrltorio  de  la  Reptlbllca,  dlclendo  que  la  preclpitaci6n  acuosa  « 
considerable,  como  corresponde  a  una  comarca  situada  en  la  zona  tdrrlda, 
aunque  en  algunas  localldades  la  preclpitaci6n  anual  es  m^  bien  escasa, 
l»aJando  en  ciertos  puutos  por  debajo  de  600  mm.,  lo  que  parece  poco  para  un 
clima  tropical. 

Son  hdmedas,  con  grandes  preclpltaclones  casl  contlnuas,  las  eostas  occld«i- 
tales,  sobre  todo  en  la  regi6n  comprendlda  entre  los  rlos  Mira  y  Micay,  por 
toda  la  hoya  baja  del  Patia,  y  de  los  rfos  Sanffuianga  e  lscuand6  y  la  falda 
occidental  de  la  cordillera,  hacla  el  occidente  de  TiSquerres,  Pasto  y  Popaydn. 
Segiin  estlmaclones  proplas  y  del  Dr.  Fortunato  Perelra,  la  cantldad  de  lluvia 
en  Altaquer,  por  ejemplo,  pasa  anualmente  de  tres  metros.  En  Barbacoas  no 
hay  estacl6n  seca  y  en  Tiimaco  llueve  contlnuamente  con  intervalos  solo  de 
unos  tres  o  cuatro  dfas  secos. 

Se  presentaii  tambi^n  grandes  preclpltaclones  anuales  en  la  hoya  del  rfo 
Atrato,  por  todo  el  centro  del  Choc6,  en  la  vertlente  N,  de  la  Sierra  Nevada  de 
Santamarta,  en  la  hoya  del  rfo  Zulia  y  en  las  regiones  de  los  grandes  rfos, 
ailuentes  del  Amazonas,  mds  hada  el  Sur  del  rfo  Ariari.  En  la  falda  septen- 
trional de  la  Sierra  Nevada  de  Saniamarta,  en  la  comarca  que  derrama  sus 
aguas  al  lago  de  Maracaiho  y  en  las  eostas  sobre  el  Pacfflco,  las  abundantes 
lluvlas  y  la  carencla  de  una  estacl6n  seca  definlda  pueden  ser  atrlbuidas  a  los 
vlentos  alislos  reinantes ;  como  se  ve  por  el  hecho  de  que,  cuando  las  montalSas 
se  alejan  de  la  costa  o  se  hacen  mds  bajas,  dlsminuyen  las  precipitaciones 
atroosf^ricas  hasta  por  debajo  de  500  mm.  por  alio.  Asf  pues,  los  Talles  formados 
por  las  Cordilleras  Interlores,  presentan  pecullarldades  locales  que  d^)enden, 
entre  otras,  de  esta  clrcunstancla.  General raente  las  vertlentes  merldlonales 
de  los  valles,  al  Norte  de  la  Repdblica,  ofrecen  la  caracterfsllca  de  una  pre- 
clpltaci6n  escasa,  como  sucede  en  la  vertlente  S.  E.  de  la  Sierra  Nevada  de 
Santamarta,  en  la  hoya  del  rfo  C4sar,  en  los  alrededores  de  Rlohacha  y  en 
toda  la  extension  de  la  Peninsula  de  la  Goagira, 

Desde  1*  hasta  12**  de  latltud  norte  no  son  Iguales  las  estaclones,  es  dedr 
las  ^pocas  de  sequedad  y  de  lluvia,  por  cuanto  Influye  la  latitud  asi : 

En  la  regi6n  comprendlda,  poco  mds  o  menos,  entre  los  8"  de  latltud  norte 
y  el  ecuador,  hay  dos  estaclones  lluvlosas  y  dos  de  sequla,  mientras  que  mds  al 
norte  no  hay  rods  que  una  estaci<5n  seca  y  otra  de  lluvlas.  Esto  por  supuesto,  no 
es  general,  ya  que  en  la  vecindad  del  ecuador  la  fi.leza  relativa  de  las  estaclones 
depende,  fuera  de  las  vnriaciones  de  las  llneas  isoterraas  y  de  los  movimientos  de 
la  zona  de  calmas,  de  las  condlciones  peculiares  de  cada  localldad. 

En  Bogotd,  a  los  4**  36'  de  latltud  norte,  las  estaclones  secas  duran  de  enero 
a  febrero  y  de  junlo  a  septiembre,  corresiwndlendo  los  mdxlmos  de  lluvia  a 
abrll  y  a  novlembre  (o  a  octubre).  En  Medellfn,  a  los  6**  8',  la  estacl6n  mds 
seca  es  la  correspond iente  a  enero  y  febrero,  slendo  mayo  y  octubre  los  meses 
de  las  grandes  lliivias.  En  Cartagena,  a  los  10"  25'  de  latltud,  cesan  casl  com- 
pletamente  las  lluvlas  de  euero  a  abril,  extendi^ndose  la  estaddn  seca  de 
diciembre  a  mayo,  o  sea  por  espacio  de  cinco  meses.  La  ^poca  de  lluvlas  tiene 
dos  mdximos,  uno  a  fines  de  mayo  y  otro  en  octubre. 
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Teniendo  cuenta  de  las  condiciones  locales  se  puede  declr  que  en  las 
altlplanicles  de  Cundinamarca  y  Boyacd,  y  en  la  region  centrnl  del  valle  del 
Magdalena,  se  presentan  dos  estaclones  Uuvlosas:  la  de  marzo,  ;.bril  y  mayo  y 
la  de  octubre,  noviembre  y  dlclembre.  Los  vientos  que  oorreu  por  sobre  los 
Llanos  de  Casanare  modifican  senslblemente  estas  estaclori's ;  como  sucede,  por 
ejemplo,  en  Chocontd,  lugar  al  Norte  de  Bogotd,  donde  llueve  poco  en  marzo  y 
abril,  con  mds  persistencia  en  mayo  y  junio,  mucho  en  Julio  y  agosto  y  poco  en 
septiembre,  octubre  y  noviembre.  En  estos  Llanos  de  Casanare^  tal  como 
sucede  al  norte,  se  presentan  seis  meses  de  sequfa  y  seis  de  lluvia,  cuya  mayor 
intensidad  coincide  con  el  mdximo  de  preclpitaci6n  en  Chocontd  y  otros  lugares 
al  Norte,  situados  en  valles  secundarios  de  la  Cordillera  Oriental.  En  Caqueza, 
poblacidn  situada  al  S.  E.  de  Bogotd,  se  hace  sentir  de  parte  de  los  Llanos  de  San 
Martin,  la  misma  influencia  que  las  Uanuras  de  Cfisanare  ejercen  sobre  la 
precipitaci6n  acuosa,  en  lugares  pr6ximos  a  la  falda  oriental  de  la  Cordillera. 

En  los  Llanos  de  las  riberas  del  Meta  y  del  Alto-Orinoco  se  presentan  doe 
estaclones  claramente  marcadas;  extendi^ndose  la  estaci6n  hiimeda  de  fines 
de  abril  a  fines  de  octubre;  en  tanto  que  al  pie  de  la  cordlllera,  del  rlo  Ariari 
hacia  el  Sur,  llueve  abundantemente  casi  todo  el  afio,  caracterizdndose  la  regl6n 
por  extensfsimas  selvas,  grandes  rios,  y  una  precipitacl6n  abundante  que,  segOn 
Codazzi,  no  puede  bajar  de  2.50  a  3.00  metros  por  afio.  De  estas  regiones  dice 
Felipe  P^rez: 

"Los  vientos  Alfsios  del  S.  E.,  que  comienzan  a  soplar  cerca  del  paralelo  de 
30°  o  35*  S.,  tambi^n  atraviesan  oblicuaniente  el  Atldntico  e  Inciden  perpendlcu- 
lares  sobre  la  costa  suramericana  que  se  extiende  desde  el  Cabo  de  San  Roque 
hasta  el  Cabo  de  Hornos,  penetrando  en  el  interior  cargados  de  nubes  y  nieblas, 
de  las  cuales  se  desprenden  antes  de  pasar  por  encima  de  los  Andes.  La  cantidad 
de  agua  que  trasportan  a  aquellos  pafses  de  estupenda  fertllidad,  puede  calcu- 
larse  por  la  que  los  rfos  Plata  y  Amazonas  devuelven  al  Oc4ano.  En  suma,  la 
Tierra  no  presenta  entre  los  Tr6picos  ninguna  regl<5n,  que  como  ^tas,  tenga 
delante  de  sf  y  bajo  el  dominio  de  los  vientos  alfsios,  una  extensi6n  igual  de 
mar;  de  donde  resulta  que  no  hay  en  el  mundo  pais  intertropical  tan  profusa- 
mente  dotado  de  rfos  como  la  vasta  hoya  del  Amazonas." 

"Ix)s  dos  sistemas  de  vientos,  el  del  N.  B.  y  del  S.  E.  coinclden  en  el  interior 
de  la  America  del  Sur,  entre  el  Ecuador  y  el  Istmo  del  Dari^n.  En  este  lugar 
reinan  las  calmas  y  los  grandes  aguaceros." 

"Las  circunstancias  mencionadas  y  otros  agentes  meteor ol6gi cos  dividen  las 
estaclones,  en  la  parte  septentrional  de  la  America  del  Sur,  en  seis  meses  de 
aguaceros  constantes  y  seis  meses  de  tlempo  sereno." 

"No  sucede  asf  en  la  hoya  del  Amazonas,  y  menos  todavfa  en  el  Caquetd, 
pnesto  que  en  61  caen,  durante  algunos  meses  del  afio,  continuos  aguaceros,  y 
Uuvias  ocasionales  en  los  restantes,  tanto  por  la  configuracl6n  de  las  Cordilleras 
de  los  Andes,  cuanto  porque  la  mayor  parte  de  los  terrenes  bajos  se  encuentra 
en  la  zona  de  las  calmas.'* 

"  Es  bien  sabido  que  las  causas  de  los  vientos  son  un  efecto  de  la  diferencia  de 
temperatura  de  dos  puntos  pr6ximos  entre  sf,  pues  entonces  se  establece  una 
corriente  inferior,  que  va  de  las  partes  mds  frfas  hacia  los  puntos  cdlidos,  y 
otra  superior  que  se  dirige  de  6stos  a  las  partes  frfas.  De  las  altas  Cordilleras 
de  Quito  y  Paste  bajan  corrientes  de  aire,  tanto  del  lado  de  Occidente  como  del 
Septentri<5n,  hacia  los  terrenos  que  se  encuentran  cerca  del  ecuador,  en  la 
regi6n  de  las  calmas,  calentados  en  extreme  por  los  rayos  perpendiculares  del 
sol ;  esta  es  la  6poca  del  verano  en  Moooa  y  sus  inmediaciones,  dpoca  de  fuertes 
vientos  que  coincide  con  los  meses  de  diciembre,  enero  y  febrero,  y  una  parte 
de  marzo.    Es  en  esa  6poca,  es  declr  del  17  al  21  de  marzo  que  el  sol  pasa  del 
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heuiisferio  austral  al  hemisferio  boreal,  y  su  presencia,  en  el  c^iiit  de  estos 
pafses  calienta  y  enrarece  continuamente  la  atm6sfera;  rdmpese  pues  el  equi- 
librio  a  cada  momento ;  cond^nsanse  los  vapores  suspendidos  en  el  aire  y  caeD 
Iliivias  copiosas,  que  en  abrll,  determlnan  las  prlmeras  creclentes  de  los  grandes 
alluentes  del  Orinoco  y  del  Amazonas.  Los  meses  de  mayo,  junlo,  Julio  y 
agosto  son  la  ^pooa-de  las-fuertes  lluvias  en  estos  palses.  Del  18  al  2S  de 
septiembre  el  sol  ha  pasado  otra  vez  al  hemlsferlo  austral;  entonces,  en  este 
mes  y  en  los  de  octubre,  novlembre  y  dlclembre,  hay  lluvias  Interrumpldas  por 
algunas  semanas  de  buen  tlempo,  por  razdn  de  que  los  vfentos  de  las  cordllleras 
trastoman  el  equlUbrlo,  soplaudo  a  veces  en  dlreccloues  opuestas. 

Concret^ndonos  a  Bogota  y  a  la  Sabana  de  su  nombre,  podemos  estudlar  las 
preclpltaclones  acuosas  anuales  desde  el  afio  de  1866  hasta  el  alio  1914,  comu 
se  ve  en  el  dibujo  adjunto,  que  figura  con  el  tftulo  *'  Qrdfico  de  Uu  lluvias  en  la 
Sabana  de  Bogotd,  en  los  anos  de  1866  a  1914"  *  En  este  dibujo  se  encuentran 
las  canttdades  de  Iluvia  caldas,  expresadas  anualmente  en  milfmetros,  y 
figuradas  por  ordenadas  a  la  escala  de  1/10. 

Cuadro  que  mani fiesta  las  cantidades  de  Iluvia  caidas  en  la  Sabana  de  Bogota^ 
en  los  alios  trascurridos  de  1866  a  1914, 


Afio. 

CantldiMi.  !|                Aflo. 

CADtldAd. 

AHa 

Cuittdad. 

1866 

Mm.      1 
1.0208  1 
0.8891  1 
1.1614 
0.9.506  1 
1.38.56 
1.36o9 
0.9451  1 
0.8819  1 
1.2205  ) 
1.1762 
1.1646  1 
0.9133  1 
1.1927  1 

1883 

Mm. 
0.8128 
0.9454 
1.8109 
1.1387 
1.0797 
0.9280 
1.1747 
1.2323 
1.0062 
1.1850 
1.1580 
1.1192 
0.7908 
1.2710 
1.1711 
1.0397 
0.9286 

i 

i  1900 

Mm. 

1.0827 

1867..                      .   . 

1884 

1901 

0  VII9RI 

1868 

1885 

:  1902 

0.7744 

1869 

1886 

1908 

0.9870 

1870 

1887 

1904 

0.9087 

1871 

1888 

1905 

O.9Q00 

1872 

1889 

1906 

0.8945 

1873 

1890 

1907 

1.1888 

1874 

1891 

:  1908 

L07S1 

1875 

1892 

1909 

a9846 

1876.. 

189:1 

;  1910 

1.4548 

1877 

1H94 

'  1911 

0.8848 

1878 

1895 

555 

0.M78 

1879 

1.6337  , 
1.23%  ' 

i.i.m 

0. 6949 

lS9ti 

1.0686 

1880 

1S97 

0.8198 

1881 

1882 

1^98 

189J 

NOTA. — De  estos  afios,  el  de  mayor  lluvla  fu4  el  de  1879.  en  que  cay6  la  cantidad  de 
1  metro  633.4  mm.  viniendo  despute  el  de  1910  con  una  cantidad  de  1  m.  455  mm.  (Bn 
este  afio  se  presentaron  inundaciones  en  la  Sabana  de  BogotA  y  en  el  valle  del  Maxda- 
Icna).  El  afio  do  mayor  sequedad  fu4  el  de  1882,  pues  solamente  cayeron  0  mecro0 
695  mm.  Por  cousigruiente,  los  afios  de  1879  y  1882  marcan  los  Ifmltes  extremos  dentro 
de  los  cuales  osrila  Ta  cantidad  de  agua  calda  en  la  8abana  de  BogotA. 


Cuadro  que 

mani  fie  St  a 

}<is  cantidades  de  Unvia  caidas  en  Bogotd  en  los 
de  1894  0  ^.9^5. 

afios 

AftOB. 

Enaro. 

Feb. 

Mar. 

Abr. 

Maya 

Junio. 

Julio. 

Agto. 

Sept. 

Oct 

Nov. 

DiO. 

1894 

137.2 
35.9 

ioa9 

116.7 
70.5 
42.2 

130.2 
18.4 

112.3 
30.3 
47.0 
63.7 
19.6 
29.3 
76.0 
39.8 

132.2 
47.3 
62.1 
19.9 
29.4 
41.6 

44.0 

2.1 

09.0 

24.4 

121.4 
19.5 
89.4 
49.4 
37.4 
40.0 
68.8 
15.0 
7a8 

113.7 
63.9 

116.2 
62.0 

130.1 
68.6 
34.0 

sas 

86.5 

81.6 
5.0 
56.9 
92.0 
129.4 
128.8 
100.4 
57.9 
158.3 
31.6 
16a  6 
48.2 
68.2 
206.9 
120.2 
9.0 
218.6 
91.6 
63.7 
79.2 
23.4 
29.0 

216.9 
131.2 
.333.3 
67.9 
98.0 
74.8 
91.7 
46.9 
87.6 
101.8 
176.0 
112.2 
178.7 
193.3 
89.5 
113.8 
79.6 
1T9.3 
104.4 
244.4 
172.0 
136.0 

120.4 
6a3 
118.2 
213,2 
103.7 
73.5 
134.8 
74.4 
52.0 
77.5 
117.4 
96.8 
108.4 
90.1 
34.8 
138.4 
241.3 
106.1 
5Z8 

loao 

21.7 
136.2 

63.6 
18.7 
26.8 
00.0 
65.0 
62.7 
3a4 
16.0 
23.5 
107.2 
22.1 
48.5 
81.6 
61.2 
32.8 
70.8 
85.0 
6a4 
26.6 
46.7 
22.0 
66.6 

39.4 
36.4 
16.6 
16.6 
45.2 
42.6 
32.4 
56.4 
9.8 

ia2 

34.6 
23.4 
46.9 
68.8 
88.7 
87.6 
114.4 
35.1 
46.1 
17.2 
13.0 
49.6 

47.1 
36.8 
80.7 
47.6 
49.0 
21.1 
54.6 

107.2 
24.9 

103.8 
3a4 
16.0 
34.1 
37.9 
56.4 
58.5 
31.2 
1&6 

113.8 
18.4 

4ao 

114.4 

20.6 
7.1 
76.4 
74.1 
75.4 
68.1 
39.4 
41.4 
50.2 
40.5 
35.0 
96.0 
11.2 
73.8 
79.2 
47.2 
79.2 
6.0 
58.5 
180.4 
13.9 
4.8 

186.8 
156.4 
106.8 
187.0 
155.3 
120.0 
211.6 
194.0 
83.6 
64.0 
154.8 
127.2 
136.0 
105.3 
267.8 

iiao 

209.4 
46.2 
99.7 
127.0 
138.1 
13a  0 

80.8 
131.9 
167.9 
20L7 

99.3 
246.3 
113.8 
212.6 

\%:\ 

34.2 
198.6 
99.2 
9a8 
106.8 
88.4 
79.2 
87.8 
192.2 
137.4 
214.8 

82.1 

1895 

b&O 

1896 

100.6 

1897 

14a  0 

1898 

27.5 

1899 

29.1 

19C0 

4.0 

1901 

67.8 

1002 

27.3 

1903 

10&6 

1904 

2BwS 

1905 

145.4 

1906 

49.9 

1907 

68.2 

1908 

isao 

1909 

64.0 

1910 

12X8 

1911 

88.4 

1912 

88.2 

1913 

84.0 

1914 

102.7 

1915 

'  V^ase  fig.  1. 
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Los  datos  de  18GG  a  1803  fueron  tornados  coldadosamente  por  el  Sefior  I>r. 
Juan  de  Dios  Carrasquilla,  en  an  lugar  pr6ximo  a  la  ciudad  de  Bogota,  sitnado 
dentro  de  los  If  mites  de  la  altlplanicie,  y  en  condidones  semejantes,  de  presidn 
y  temperatura,  a  las  de  Bogota ;  en  taoto  que  las  correspondientes  al  intervale 
coniprendido  entre  1894  y  1914  se  deducen  de  observadones  practlcadas  en  d 
Observatorio,  con  an  mismo  plavi6metro  que  fu4  comparado  tUtimamente  eon 
otro  de  tlpo  diferente. 

Durante  los  veintislete  ados  anotados  por  el  Dr.  Garrasqullla,  el  promedio 
anual  es  de  1".1053,  en  tanto  que,  de  1894  a  1914  este  promedio  es  prOximamente 
de  I^.OIO.  La  diferencia  apuntada  puede  atrlbuirse  a  condidones  locales  o  a 
diferencias  ligeras  en  los  instnunentos  usados  (no  se  sabe  cual  fu4  el  plavi6- 
metro  empleado  por  el  Dr.  Carrasquilla).  Parece  que  priva  la  primera  causa* 
por  cuanto  el  lugar  de  observaci6n  escogldo  por  el  Dr.  Carrasquilla  queda  en 
proximidad  a  la  serranfa  occidental  de  la  altiplanide,  donde  la  condensadto  es 
un  poco  mayor  que  en  Bogota. 

De  todas  maneras,  la  diferenda  es  Insignlficante  y  demuestra  que,  para  coal- 
quier  lugar  de  la  altiplanide,  el  promedio  anual  de  la  predpitaddn  es  pr6xinia- 
mente  de  un  metro,  y  que  la  poligonal  trazada,  des<le  18GG  liasta  1914,  corres^ 
ponde  bastante  bien  a  las  cantidades  de  agua  cafdas  en  los  lugares  situados 
en  condidones  andlogas,  como  Tunja,  Ubatd,  Sogamoso  y  dan£Ls  poblaciones 
colocadns  en  la  parte  central  de  la  Cordillera  Oriental. 

En  el  cuadro  respectivo,  se  pone  de  manifiesto  que  durante  el  lapso  compren- 
dido  entre  18C6  y  1914  (un  espacio  de  48  afios),  el  alio  mds  seco  en  la  Sabana 
de  Bogotd,  es  dedr,  el  de  menos  predpitaci(^n,  f u6  el  de  1882,  al  cual  corresponde 
una  cantidad  cafda  de  0.  m.  (SQ5  y  el  de  mayor  Uuvia,  el  de  1879,  con  una  predpl- 
tad6n  de  1  m.  685.  De  suerte  que  la  diferenda  de  0  m.  939  es  casi  una  vez  y 
media  el  minimum  registrado. 

Asf  pues,  los  Hmites  entre  los  cuales  oscila  la  cantidad  de  Uuvia  registrada 
anualmente,  se  encuentran  tan  separados  que,  juntamente  con  la  ninguna  perio- 
dicidad  (como  se  ve  observando  el  grdfico  respectivo),  no  permiten  preveer 
nada  al  respecto.  A  un  afio  seco  sucede  otro  mds  seco  u  otro  htlmedo ;  pueden 
presentarse  dos  afios  seguidos  con  precipitaci6n  abundante,  o  un  alio  muy  seco 
y  otro,  a  continuad6n,  de  lluvias  excepdonales,  sin  que  en  esto  medie  ley  de 
ninguna  clase,  ni  se  encuentre  perfodo  definido.  Por  estas  razones  la  previsi6n 
del  t tempo  en  las  altiplanicies  y  vertientes  de  la  cordillera,  que  se  encuentren  en 
condidones  semejantes  a  las  de  la  Sabana  de  BogotA,  parece  prdcticamente 
imposible. 

C]k)mprueba  esta  afirmaci6n  el  hecho  de  que  registrando  en  los  cuarenta  y  ocho 
afios  dichos,  las  variaciones  de  la  actlvidad  solar,  no  se  encuentre  correspondent 
da  entre  los  mdximos  y  mfnimos  de  ^ta  (mayor  o  menor  superficie  manchada 
del  sol),  con  las  precipitaciones  acuosas  mftximas  o  mfnimas. 

Segiin  Flammarion,  en  los  afios  de  1872, 1883, 1893  y  1904,  que  corresponden  al 
ddo  hallado,  de  diez  a  doce  afios,  se  debe  registrar  el  mdximo  de  adividad  solar, 
con  calmas  correspondientes  a  los  afios  de  1889  y  1901.  Ahora  bien,  tales 
mdximos  de  actlvidad  no  coinciden  en  mnnera  alguna,  con  las  mayores  predpl- 
taciones,  ni  los  perfodos  de  calma  con  los  afios  de  menor  predpitaddn ;  de  suerte 
que,  por  lo  menos,  en  las  altiplanicies  de  la  zona  intertropical  americana,  nada 
tienen  que  ver  las  manchas  solares  con  la  precipitad6n  anual.  Esta  es  entera- 
mente  caprichosa  y  no  se  sujeta  a  ley  ninguna  conocida.  Ni  siquiera  se  com- 
pnieba  la  existenda  del  ciclo  de  Bruckner,  de  trelnta  y  dnco  afios. 

Conviene  advertir  que  los  afios  de  mds  grandes  lluvias  y  los  de  mayor  seque- 
dad,  registrados  en  la  Sabana  de  Bogotd,  concuerdan  con  los  mayores  inviemos 
(^pocas  de  lluvla)  y  con  los  grandes  verrfnos  (^pocas  secas)  que  se  registran  en 
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los  valles  grondes,  situados  cntre  las  cordilleras  prindpales,  tales  como  el  vallc 
del  Magdalena  en  su  parte  ceDtral.  En  los  ofios  de  1879  y  1910  ocurrleron 
grandes  Iniindaciones,  tanto  en  la  Sabana  de  Bogotd,  como  en  el  ToUma  y  en  el 
Bajo-Magdalena. 

Considerando  ahora  la  distrlbucidn  de  la  Uuvla  en  todos  los  meses  del  aflo, 
Teainos  los  dibujos  que,  bajo  el  tf tulo  de  "  Grdflco  de  las  Uuviat  en  Bogoid  "/ 
ponon  de  tiuinlfiesto  las  cantldades  cafdas  mes  por  mes,  desde  1804  hasta  1015. 


Fio.  2*. 

En  esos  dibujos  las  ordenadas  representan  con  la  escala  de  1/10,  la  llQTia 
mensual,  en  milfmetros,  registrada  en  el  Obser\'atorio  de  BogotA. 

Como  los  cantldades  correspondientes  al  mismo  mes,  se  corresponden  en  Ifnea 
vertical,  es  fdcil,  a  simple  vista,  comparar  un  afio  cualqulera  con  el  normal, 
cuya  pollgonal  encabezn  el  cuadro.  El  aOo  normal  presenta  dos  estacionet* 
Uuviosas  y  dos  secas. 


»  V^axwe  Pig.  2»  j  2» 
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De  la  In8peccl6n  de  las  fignroB  aporece  que  es  raro  el  olio  que  en  la  distrHm- 
ci6n  de  la  Uuvla  se  aproxlroe  al  normat  A  veces  sucede  que  se  presenta  oa 
avance  en  las  estacioues,  otras  veces  que  ocurre  an  retardo  y  otras,  como  &i  ti 
afio  de  1000  (en  que  los  meses  de  marzo,  abrtl  y  mayo  fueron  de  menor  IIotU 
que  los  restantes  del  ofio)  en  que  se  Invlerten  las  estaclones  y  se  altera  comple- 
tamente  el  orden  de  los  fen6menos  meteoroldglcos. 

Para  Juzgar  de  las  alteraclones  que  pueden  ocanir  en  la  dlstribucI6n  menaual 
de  la  lluvla,  se  dlbuJ6  el  **  Grdfico  de  las  Uuvioi — ComparaMn  {en  mUlmctros) 


Fig.  2*. 

de  las  cantidadct  caidan  en  todoB  lot  metes  del  aflo,  en  cl  iroMcurto  comprcndiio 
entre  189^  y  JOto:*^ 

En  el  dibujo  en  cuesti6n,  aparecen  daromcnte  mercadns  las  cantldades  cafdos 
en  los  doce  uieses  del  afio,  desde  1S04  a  1015 ;  all!  se  echa  de  ver  que,  si  en  las 
preclpltacloiies  anuales  hay  Irregularidad  manlflesta,  en  las  precipltaclonet 
mensuales  tamblen  se  presentan  irregulnridndcs  notables.    Por  ejemplo,  durante 


>  V^ase  Vlg.  3. 
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los  veintiun  afloe  a  que  se  refiere  el  cuadro,  el  ines  de  abrll  varid  de  un  mfnlnio 
de  46.0  mnL  (en  1901)  a  un  mAxlmo  de  333^  mm.  (en  1896) ;  el  mea  de 
Junlo  vari6  de  un  mdximo  (107.2  mm.)  en  1903  d  cero,  en  1897.  Las  oscila- 
clones  mensuales  pueden  pues,  ocurrlr  entre  los  dos  Hmltes  extremos :  0  mm.  y 
833.3  mm.  Dentro  del  mlsmo  mes  ocurren  nlteraclones  frecuentes,  presen- 
tdndose  la  lluvla  en  grandes  aguaceros  (se  han  reglstrado  aguaeeros  torreo- 
clales  que  ban  posado  de  50  mm.)  o  en  forma  de  llovlznas  continuas. 

Los  beclios  conslgnados  basta  abora  demuestran,  a  nuestro  modo  de  ver,  que 
las  prevlslones  que  se  refieren  a  la  lluvla  son  Infundadas.  El  mlsmo  Dr.  Ca- 
rrosqulUo,  qufen  babfa  llegado  a  creer  poslble  la  prevlsl6n,  por  medio  de  un 
estudio  detenido  de  cada  localldad,  de  la  dlstrlbucidn  de  la  lluvla,  se  convenci6, 
despues  de  trelnta  afios  de  observaciones,  de  que  esto  era  cosi  imposlble.  En 
1894  escrlbfa : 

**  Hasta  hoy,  por  las  observaciones  practlcados,  por  el  estudio  de  los  cuadros 
meteorol6gicos,  iMxlemos  decir  que  hay  en  el  afio  dos  estaciones  lluvlosas  j  dos 
secns,  y  expllcnrlas ;  pero  de  ahf  no  pasan  nuestros  conoclmlentos ;  at  trntar  de 
aplicarlos  a  determinado  dfa  frncasamos.  Para  ello  seria  preclso  estudiar 
mejor  la  meteorologfa  de  cada  lugar ;  fijar  con  todo  rigor  la  dlreccl6n  e  inten- 
sidad  de  coda  vlento  local,  y  tener  para  ello  en  cuenta  todas  las  drcunstancist 
del  meteoro  que  se  estudio. 

"Hoy,  sin  embargo,  dotos  que  sirven  para  simpliflcar  el  problema  y  que 
tlendeu  por  consigulente  a  su  resoluci6n.  Hemos  demostrodo  con  observa- 
clones  preclsos,  que  Ins  vorinciones  de  la  presl6n  no  Influyen  directamente 
sobre  los  lluvlos;  podemos  pues,  prescindir  de  los  variaciones  de  la  presido 
para  el  estudio  de  Ins  lluvlns. 

**Las  foses  de  la  lunn,  que  tonto  hnn  dado  que  declr,  no  ejercen  la  menor 
influenclo  sobre  las  lluvlns,  como  yn  varios  veces  lo  liemos  demostroda  Ed 
efecto,  exomlnando  los  cuadros  de  observociones  meteorologicas,  en  que  estfin 
onotodos  los  dfas  de  lluvla  y  su  contldnd,  por  una  parte,  y  Ins  foses  de  la  luna, 
por  otrn,  no  es  poslble  bailor  ninguno  relacl6n  que  permlto  atribuir  a  la 
influenclo  lunar  la  causa  de  Ins  lluvias.  ^ 

**  Podemos  pues,  suprlmlr  la  influencln  lunar  en  el  estudio  del  problema  de 
los  lluvlos,  y  concentrnr  todo  lo  atencl6n  a  los  vientos,  que  o  su  turno  son 
mon  If  estaciones  de  los  dlferenclns  de  temperoturo  que  se  hocen  en  la 
ntm6sfera.  Este  es  el  punto  esenclol,  oquf  estd  lo  solucl6n  del  problema. 
Mlentras  no  se  hognn  numerosos  los  observntorlos  meteoro16gicos,  no  se  puede 
esperar  nodo,  porque  los  observociones  olslodos  no  permlten  llegor  a  un 
resultodo  satlsfactorlo.  CJonoclendo  lo  dlreccl6n  del  vlento  en  dlstlntas 
local  Idndes,  situodos  o  poco  distoncio  unos  de  otros,  se  podrfo  esperar  este 
resultodo;  en  una  solo  estaci6n  es  casi  imposlble." 

Se  puede  avonzor  un  poco  mds  In  tesis  del  Dr.  Corrosquillo,  observondo 
que,  como  la  preslOn  otmosf^rlco  vorfo  muy  poco  y  el  borOmetro  no  slrve,  lo 
mismo  que  en  los  zonos  templodos  poro  onunclor  combio  de  tiempo,  en  la 
zona  ecuotorlol  quedon  general  men  te  Indetermlnodos  los  relaclones  de  humedad 
y  condensoclon  en  los  oltos  regiones  de  la  atm6sfero. 

La  extremodo  movllidod  de  la  atm6sfera  se  hoce  sensible  hosto  en  un  recinto 
cerrodo,  en  donde  el  aire  est6  oporentemente  en  reposo;  olU  un  royo  lumlnoso 
pone  de  manlflesto  portfculos  ligeras  en  suspension,  que  se  mueven  en  todos 
sentidos  con  velocidades  variable,  segdn  corrlentes  del  fluldo,  que  obedeceo 
a  variaciones  Inslgnlficantes  de  presI6n,  volumen  y  tt;mperotura.  Estos  varlii' 
clones  son  pequeQfslmos  y  sin  emborgo,  pueden  influlr  en  lo  formaci6n  j  la 
condensaciOn  del  vapor  de  agua.  As(  pues,  atln  en  el  caso  de  una  otmOsfon 
apnreutemente  en  reposo,  cuando  el  anem6metro  no  acusa  la  mds  ligera  brlsa, 
deben  existir  dlversas  corrlentes  que  determinan  fen6menos  de  condensaci6n  o 
evaporacl6n,  Indepeudlentes  de  causas  que  se  puedan  registrar  con  nuestros 
instrumentos  meteorol6glcos. 

Adem&s,  una  couso  que  produce  un  efecto  determinado,  como  el  coldeamlento 
por  los  rayos  solares  de  una  |)orci6n  deflnido  de  la  otmdsfero,  que  orlgino  movi- 
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mientos  del  aire  clrcunveclno  hacia  dlcha  regi6n,  puede  producir  an  efecto 
contrarlo,  si  se  Interpone  la  miisa  de  nubes  deblda  a  In  condensacIOn  de  lot 
vapores,  por  enfriamiento  en  una  regldn  mds  alto.  De  manera  que,  aun 
conoclendo  sobre  la  superficle  terrestre  1p  velocldad  y  direccK^n  de  las  corrlentes 
a^reas,  en  lugares  prOslmos,  oomo  lo  qulcre  el  Dr.  Carraaquilla,  nada  se  puede 
adelantar. 

Por  la  esperlenda  que  se  tlene  del  cllma  de  la  altlplanlde  de  Bogotd  podemos 
afirmnr  que  solo  es  poelble  conocer  la  dlstrlbuciOn  general  de  las  lluvias  (la 
que  figura  en  los  grdflcos)  sigulendo  los  movimlentos  del  paralelo  de  mayor 
temperatunt 

En  la  zona  intertropical  el  aire  caldeadc  por  el  sol,  cuyos  rayos  inciden  nor* 
malmente,  se  halla  en  continuo  ascenso,  y  es  reeniplazado  por  el  m&s  frlo  que 
afluye  de  los  heniisferios  laterales,  formando  una  faja,  movible  con  el  paralelo 
de  mayor  teroperatura,  y  al  cual  acompafia  en  su  oscilacidn  anual.  Esa  faJa 
o  zona  de  calmas,  como  se  qulera  llamar,  es  de  lluvia  permanente,  porque  el 
vapor  de  agua  que  contiene  el  aire  se  condensa  hasta  la  saturaciCn,  al  ascender 
a  los  altas  regiones  de  la  atmfisfera,  por  el  enfriamiento  que  allf  sufre.  El 
movimiento  anuol  de  esta  zona  de  lluvias  determina  las  estaciones,  ya  indi- 
cadas  someramente,  en  las  varias  regiones  del  pals,  con  las  modiflcaciones 
anotadas,  que  se  deben  a  influencias  locales. 

Sigulendo  esta  idea  primordial  y  adaptdndola  a  las  condiciones  locales  de 
Bogota,  el  actual  Director  del  Observatorio,  Dr.  Julio  Garavito,  did  la  explica- 
ci<5n  completa  del  fen6meno  de  las  cuatro  estaciones  y  de  las  irregularidades 
que  estas  presentan  en  la  Sabana,  en  un  optlsculo  que  publicd  en  1809,  bajo 
el  epfgrafe  de  '*Clima  de  Bogotd.**  Las  observaciones  practicadas  desde  entoncet 
hasta  la  fecha,  no  ban  hecho  sino  comprobar  lo  afirmado  allf  iK>r  el  Dr.  Garavito. 

Por  supuesto  que,  si  es  intltil  pretender  un  conocimiento  completo  de  la  distri- 
buci6n  de  Ins  lluvias  y  preveer  los  cambios  que  ^ta  pueda  sufrir,  es  convenlente 
conocer  un  promedio  de  las  precipitaciones  en  cada  region  y  las  cantldades 
a[idximas  y  mfmimas  que  caractericen  su  regimen  pluviom^trico.  UtiUsimo 
serfa,  sin  duda,  para  la  agricultura  conocer  de  antemano  las  ^pocas  de  vcrano 
o  invicmo,  mas  ya  que  esto  no  es  posible,  por  lo  menos,  se  debe  tener  una  idea 
del  cllma  de  cada  region,  llevando  un  registro  pluviom^trico  en  varias  regiones 
del  pais  y  una  anotacidn  de  los  vientos  reinantes. 

Si  mes  por  mes  se  toman  todos  los  datos  recogidos  y  se  colocan  en  la  Carta 
de  la  Reptiblica,  es  probable  que  muchas  irregularidades  queden  explicadaa 
dentro  de  un  t^rmino  de  diez  afios.  Ya  se  conoce  completamente  el  cllma  de 
Bogotd,  mas  falta  por  determinar  el  del  resto  de  la  comarca,  y  el  medio  que 
Indicamos  para  ello  es  el  mds  sencillo. 

La  conducci6n  de  una  estaci6n  pluviom^trica  es  sencilla,  puede  encargarse 
a  un  individuo  cualqulera  y  no  requiere  mayor  atenci6n,  sobre  todo  si  se  hace 
oso  en  ella  de  un  pluvi6metro  registrador.  Una  estacI6n  pluviometrica  debe 
componerse  de  un  pluvidmetro,  un  anemdmetro  y  una  veleta. 

En  el  Observatorio  de  Bogotd  se  recibirfan,  una  v^ns  erlgido  en  estaci6n  cen* 
tral,  al  establecerse  este  servicio  meteorol6gico,  los  G\tos  referentcs  a  la  can- 
tidad  de  lluvla  cafda,  direccidn  predominante  del  viento  y  velocidad  media  del 
mismo,  datos  provenientes  de  regiones  diversas  y  sometidas  a  influencias  locales 
distintas.  Asf,  tal  vez,  se  llegarfan  a  conocer  mejor  las  perturbaciones  en  ia 
distribuci6n  de  la  lluvia. 

Ademds  de  lo  dicho,  los  datos  pluvlom^tricos  prestan  servlcios  importantes 
para  elaborar  los  proyectos  de  irrigacldn,  de  acueductos,  de  cnnnles  &.,  en 
dondequlera  que  sea  necesarlo  conocer  la  cantidad  media  de  lluvia,  en  derto 
tiempo  y  las  mdsimas  precipitaciones. 
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Para  terminor  esta  parte  del  presente  estiidlo,  Indlcamoe  las  poblaciones  de 
la  Reptkbllca  en  donde  convendrfa  establecer  estaciones  pluviom^tricas,  e  in- 
slDnamos  la  roejor  manera  de  orgauizar  un  servicio  iiieteorol<)gico  centrallzadOL 

En  este  sentido  se  podrfa,  por  medio  de  algttn  Decreto  orgftnico,  di^xmer: 

Primcro — Que  el  Observatorio  Nacional  sea  E8taci6n  meteorolOgica  centralt 
provlsta  de  instmroentos  registradores ; 

Scgnndo-^ue  los  Observatorios  meteoroldglcos  de  Popasrfln,  BarranQailltt 
y  Medellfn  envien  mensnalmente  a  ^te,  los  dates  que  recojan  y  la  descrlpddn 
de  los  aparatos  usados. 

Tercero— Que  se  establezcan  estaciones  meteoroldgicns  en  los  slgulentes 
Ingnres  (v^se  el  croquls) :  Cartagena,  Santamarta,  Rlohacbat  Va11e-Dupar» 
CbirlgiianA,  Turbo,  Quibd6,  Magangu^,  Ctlcnta,  Manlsales,  Puerto-Berro,  Hon- 
terfa,  Alcandf,  Honda,  Bucaramanga,  Tunja,  Arduca,  Orocu^  Tilmara^ 
Glrardot,  Florencia,  Ibagu^,  Keiva,  Cartago,  Cftli,  Buenaventura,  Ilocoa,  Pasto, 
IMquerres,  Barbacoas  y  Tumaca  (Estas  estaciones  se  r^mrten  asf  porque 
creemos  que  su  situaci6n  relativa  es  conveniente,  ya  por  cuanto  pres^itao 
facilidades  para  el  estableciniiento  de  las  estaciones,  yn  porque  dan  las  coo- 
dldones  locales  de  toda  la  region  en  donde  se  encuentran.) 

Cttarfo— Que  en  las  estaciones  pluviomdtricas  presten  el  servicio  los  maestros 
de  Escuela,  medlante  un  pequeDo  sobresueldo  y  que  la  organizaci6n  del  senrido 
meteorok^ico  quede  a  cargo  del  Ministerio  de  Instrucci6n  PdbUca. 

nJEZA     BELATIVA     DE     LA     PRE8I6n     AT1I0SF£rICA — ^ALTIlCETBfA     FOB     ICEDIO     DEL 

bab6metbo. 

Para  poner  de  relieve  la  diferencia  esencial  que  existe  entre  Ins  variaciones 
del  bnrOuietro,  en  Ins  xonas  templadns  y  en  la  veclndnd  del  Ecuador,  copiamos 
a  continuacion  el  cuadro  siguiente,  debido  al  Dr.  GarrasquiUa : 


Paralcio  cntrc  ta  prcaidn  de  Dogotd  % 

r  \a  de  Paris  en 

ISOl. 

Bogoti. 

Parts. 

MCMI. 

"Wnrlno 
medio. 

Mlnlmo. 

MAxima 

DIfe- 
rtticies. 

4.72 
8.35 
/.82 
4.30 
4.40 
4.35 
4.13 
4.20 
4.40 
4.40 
2.85 
3.85 

T^nnlDO 
medio. 

Mlnimo. 

Mixlma 

Dtfe. 
rancitt. 

Enero 

56a  77 
561.17 
66a  78 
661.15 
561.12 
561.39 
561.27 
501.41 
561.37 
56a  99 
56a  20 
56a  34 

558.56 

56a  10 
56a  10 
550.19 
060.18 
650.23 
55a  19 
550.78 
650.18 
650.18 
550.03 
558.63 

563.28 
563.45 
563.28 
563.58 
563.68 
563.98 
563.32 
563.08 
563.58 
563.58 
561.88 
562.48 

753.98 
762.58 
754.11 
754.82 
756.63 
75a  92 
758.49 
73a  84 
758.88 
762.03 
763.29 
753.29 

737.07 
742.18 
744.24 
732.23 
744.25 
752.63 
749.35 
749.81 
747.95 
749.62 
745.83 
746.94 

77a  82 
774.49 
768.10 
76a  74 

Toaso 

707.31 
7^67 
76a  67 
767.68 
768.70 
774.54 
771.52 

33.73 

Fc'  rero 

82.28 

Ifano 

1&88 

Abitl 

84.61 

Ifaro 

22.25 

Jiuilo. 

14.40 

Julio 

lass 

Acoftto 

laTi 

Septiembre 

10.73 

OctuTre 

10.17 

Noviemi  re 

2a  71 

Dicieml>re 

24.50 

Promedios 

56a  99 

550.14 

563.29 

4.15 

757.78 

745.17 

768.13 

22.96 

La  simple  inspeccI6n  del  cundro  anterior,  llama  la  atenci6n  por  las 
diferencias  tan  notables  que  presenta.  Es  por  eso  que  el  bar6metro  plerde, 
en  la  zona  ecuntorlai,  su  iroportancia  como  instrumento  meteoro16gico  y  la 
gnna  como  instrumento  de  ingenierfn,  mdxime  en  p'afses  montaQosos  como 
Colombia.  La  altlmetrfa  por  medio  del  bar6metro  de  mercurio,  del  hips<knetro 
o  del  bar6metro  aneroide  es  muclio  menos  complicado,  en  las  regiones  situadas 
dentro  de  los  Tr6picos,  que  en  las  regiones  de  las  zonas  templadas,  donde 
las  observaciones  de  alturn  deben  ser  siempre  simultdneas. 

Asf,  pues,  como  lo  liabfa  previsto  Caldas,  el  estudio  de  las  variaciones 
periiklicas  de  la  presi6n  atmosf^rica  tiene  importancia  capital  para  las  niedidas 
de  las  alturas,  en  ins  nivelnciones  barometricas,  que  ordlnariamente  se  emplena 
para  los  reconocimientos,  pues  la  regularidad  y  falta  de  amplltud  en  la  osdla* 
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ci6n  periodica  de  la  presl^n  atnuwf^rlca  pemnite  usar  el  bar6iiietro  conio 
instniuieDto  safldentemente  esacto  en  gran  ntUnero  de  aplicadones  de  esta 
doae. 

Por  estas  razones,  es  qne  una  de  las  princlpales  preocupadones  del  Obaenra- 
torio  lia  sido  determinar  muy  blen  la  airva  indlcadora  de  las  dobles  osdla- 
dones  del  bar6nietro,  lo  mismo  que  hallar  la  altura  barom^trica  coropletamente 
corregida.  Tambi^n  nos  hemes  propnesto  facllitar,  por  cuantos  medios  se  ba 
podido,  a  los  iogenieros  del  pals  la  confrontad6n  y  patronaje  de  sus  barOmetros, 
liips6nietros  y  aneroides. 

En  desarrollo  de  esta  Idea,  durante  niucbo  tiempo  se  ban  practicado  las 
observadones  borarias  del  bar6metro,  prlmeraniente  cada  dos  boras  y  cada 
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tres  tlltlmamente,  para  determinar  de  una  manera  absolnta  las  varladones 
diurnas  y  las  anunles.  Estas  observadones  se  ban  bedio  con  un  bar6uietro 
de  **Fotiin,**  de  aibeta,  con  fondo  movible,  un  tube  de  8  mm.  de  dlAmetro 
y  linn  dndo  los  sigulentes  resultados,  como  valores  medios,  en  cerca  de 
vlente  afios.^ 
Varladones  diurnas: 

8  boras  a.  m.,  0. 5G1. 0  m.  m. 
0  boras  a.m.,  0.501.2  m. m.  (mAs.) 
10  boras  a.  m.,  0. 5G1. 0  m.  m. 
12  boras  m.,      0.500.0  m.  m. 
Mdxima  nocturna,  a  las  10  p.  m.,  0.5G0S  m.  m. ;  minima  nodurna,  8  boras  1/2 
p.  m.,  0.5504  m.  m. 


2  boras  p.  m.,  0. 5593  m.  m. 

4  boras  p.  m.,  0. 5588  m.  m.  (mfn.) 

0  boras  p.  m.,  0.  5.j03  m.  m. 

8  boms  p.  m.,  0. 5G02  m.  m. 


'  Vtese  Fls.  4. 
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La  presl6n  media,  sacada  de  cstos  datoe,  resulta  ser  de  0.5001",  y  d^>e 
ser  correglda  del  error  Indice  del  bar6metro.  La  determinaci6D  de  este  error 
Indice  la  hicimos  por  medio  de  un  catet6metro  **  Penreaux,*'  arreglado  personal- 
mente  por  nosotros,  y  que  se  empled  en  determinar  la  distanda  del  enrace 
del  raercurlo  a  la  divisldn  550*"  de  la  escola.  De^u^  de  cierto  nUmero  de 
leoturas,  hechas  con  todas  las  precauciones  uaados,  sacamos  como  error  medio 
de  la  escala  =0.35""*  =0.05*""*  por  exceso;  de  donde  se  deduce  que  la  presido 
media  verdadera  es  de  0.55075",  6  0.5598  metros. 

Esta  altura  osignada  a  la  columna  baroni^trlca  difiere  de  la  que  correq^ionde, 
en  las  tablas  de  Regnault,  a  la  temperatura  de  ebulUci6n  del  agua  en  Bogotft, 
segtkn  Li6vano,  en  la  cantidad  de  1,120"". 

La  marclia  seguida  para  la  reducdOn  de  las  obeervaciones  del  bar6metro  ha 
sido  la  siguiente: 

Si  /?•  es  la  altura  barom^trlca,  reducida  a  cero,  se  pone :  /?«=^t— e+c— y — ^- 
F6nnula  en  la  cual  /?t  es  la  altura  barom6trlca  obserrada  a  t*,  e  es  el  error 
fndice,  determinado  como  se  dijo,  c  la  correcddn  de  capilarldad  para  un  tnbo 
de  8  milfmetros  de  dUlmetro  intemo,  $  la  correcci6n  de  temperatura,  por  dilata- 
ci6n  cdbica  aparente  del  mercurlo  y  dilataci6n  lineal  de  la  escala  y  y  la 
correcci6n  de  la  gravedad.  Esta  correcci6n  ha  sido  calculada  por  la  f6rmula 
de  Clarke. 

Pongamos  ^-  j-j-g-_^g-— ^  — L.  en  U  cual  ^  es  U  intenaidad  de  U  gtavedad 

a  la  latitud  Z  y  a  la  altura  h  Robre  el  nivel  del  mar,  G  la  intensidad  de  la  gravedad  al 
nivel  del  mar  y  a  la  latitud  de  4h**  y  r  radio  de  la  tierra  correspondiente  al  lugar. 
Si  llamamos  B^^  la  altura  barom6trica  corregida  de  los  tres  piimeros  erroreo:  se  pone 

^«1« \ ,.-J-r  y  como: 

Wo    G    1+0.002606  cos  21  772^  ^ 


r 


t 


k) 


'^ 


1+0.002606  cm  2< 

■etendri,paral>i4°36'ey'2;  A-2640  metroe,  r<-6378000 metros:  y-0.0034£'o- 
La*  oBcilarionet  anualet,  dada$  met  por  me*,  del  bor^metro  corrcgido,  ton: 
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2.6 

JUDiO 

Dlcieni1>rB 

15 

Este  cuadro  y  el  gr&flco  de  las  varladones  diurna.  muestran  cual  es  la 
amplitud  indxima  de  la  oscilaci6n.  Segtin  esto,  los  valores  anotados  por  el 
Dr.  Carrasquilla  son  demasiado  grandes. 

Ck)ncluyamos  esta  parte  estudiando  brevememe  el  aparnto  para  correccidn 
de  bar6inetros  aneroides,  cuyo  dibujo  se  acompafla.^  Ck>mp6nese  en  sus  partes 
esenciales,  de  una  caja  de  palastro  de  doble  fondo,  C,  provista  de  un  aro.  al 
cual  se  sujeta,  entre  arnndelas  de  goma  el&stica,  y  por  medio  de  fuertes  tornMos 
de  presi6n,  un  vidrio  gnieso.  En  el  interior  de  la  caJa  se  colocan  los  Initru- 
mentos  que  se  van  a  pnlronar,  sobre  un  soporte  de  pies  de  corclio,  en  el  cual 


» VAise  Fig.  5. 
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se  coloca  tambl^n  ud  termdroetro.  El  tubo  T'  de  acceso  a  In  caja,  viene  de  an 
dep6slto  de  palastro  D,  donde  se  comprime  el  aire  por  medio  de  una  l>omba 
de  mano  B,  El  dep6sito  estA  provisto  dc  un  man6metro  de  resorte  y  de  dos 
Haves,  para  cerrar  o  abrir  las  comunicaciones  con  la  caJa  o  con  la  boniba  de 
eompresi6n.  El  tnbo  T"  provisto  de  su  Have  respectiva,  termina  en  un  man6- 
metro  de  mercurio  if. 

Para  elevar  gradunlmente  la  temperatara,  entre  el  doble  fondo  de  la  caJa  0 
«e  callenta  agua  lentamente  por  medio  del  homiUo  VL  agua  que  se  puede 
enfriar  por  medio  de  hielo  machacado. 


La  lectura  de  la  columna  de  mercurio  se  hace  con  el  catet6metro.  Este 
aparato,  ast  descrito  sirve  para  liacer  marcar  al  aneroide  que  se  ensaya,  pre- 
siones  crecientes  desde  500  mm.  liasta  800  mm.  de  mercurio.  De  centtmctro 
en  centfmetro,  se  leen  el  aneroide  y  la  altura  de  la  columna  en  el  man6metro. 
Despues  se  lee  el  barOmetro  de  Fortin,  y  a  la  altura  barom6trlca  se  agrega  la 
manom^trlca.  La  suma  representa  la  altura  de  la  columna  para  la  prcsi6n 
indicada,  un  vez  hechas  las  correcciones  de  capilaridad,  temperatura  y  gravedad. 

La  diferencia  entre  este  resultado  y  la  lectura  del  aneroide,  a  la  temperatura 
marcada  por  el  termOmetro  interior,  da  el  error  del  aparato  a  esa  pr«^i6n. 
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Una  lectura  atenta  de  la  presente  Memoria,  en  donde  he  procurndo  historlar 
de  la  mejor  manera  el  desarrollo  de  loe  estudios  meteoroldgicos  en  Colombia, 
y  donde  he  puesto  de  manlflesto  el  estado  actual  de  este  Servido  oftdal  ea  la 
Repdblica,  llevard  al  espfritu  la  idea  de  que  en  este  terrene  se  presenta  un 
compo  de  investlgaci6n  Inexplorado  at&n.  Relatlvamente  roucho  se  ha  hecho  en 
este  sentido,  mas  queda  todavfa  gran  parte  por  hacer,  tratando  de  extender 
los  estudlos  climatoI6gicos  a  todas  las  regiones  del  pals  que  basta  iibora  soo 
casi  desconocidas  para  la  Meteorologfo. 

El  fin  prfictico  de  este  trabajo  es,  en  consecuencia,  indicar  la  necesidad  de 
ompllar  el  radio  de  las  observadones  organlzando  un  Servicio  Meteoroldgico 
Nacional  que  contlnile  la  obra  del  Observatorio  de  Bogotd,  siguiendo  las  indlca- 
ciones  que  en  el  dia  son  fruto  de  una  experimentaci6n  relatlvamente  lorgn  y 
culdadosa. 

Natural  parece,  pues,  terminar  el  estudio  que  presento  con  el  slgnlente 
proyecto  de  Ley,  que  puede  someterse  a  la  aprobaci6n  del  pr6ximo  Congreso : 

**El  Congreso  de  la  RepAblica  de  Colombia  decrcia: 

'*!.*  Por  el  Minlsterio  de  Instrucd^n  Ptiblica  se  procederA  a  la  orgonlza* 
d6n  del  Servicio  Meteorologico  del  pais,  tan  pronto  como  esta  ley  sea  pro- 
mulgadn.  Tal  organlzaci6n  se  hard  en  detalle  consultando  las  necesidades  de 
la  NacI6n  y  la  marcha  de  servicios  similares  en  otras  Repdblicas  Amerlcanas. 

"2.'  El  Diredor  del  Observotorlo  Astron^mico  Nndonal  B&rA  d  Jefe  de 
este  Servicio;  y  en  cuanto  a  plan  cientffico  de  obser\'acione8,  se  seguirdn 
desarrollando  los  m^todos  empleados  hasta  ahora  por  el  Observatorio,  con 
las  modiflcadones  que  consuUen  nicjor  las  necesidades  de  la  Estadlstica  agri- 
cola  y  de  la  fiuviometrfa  del  territorio. 

'*  8.*  Por  d  Minlsterio  de  Instruccidn  Pdblica  se  dardn  los  pasos  conduccntes 
a  obteuer  la  colaboraddn  eflcaz,  en  esta  obra,  de  los  Observatories  Meteoro- 
16gicos  de  la  Universidad  de  Antloquia,  de  loe  RR.  PP.  Agustinos  de  Barron- 
quilia  y  de  la  Universidad  del  Cauca. 

'*  4.*  Por  d  mismo  Minlsterio  se  encargard,  mediante  un  sobresueldo  mensual 
de  $20  oro,  a  los  seflores  profcsores  de  Ffsica  de  los  Establedmient<is  enu- 
merados  a  continuaci6n,  la  coleccidn  de  dates  diurnos  relatives  a  cantidad 
de  lluvia  calda,  direccl6n  predominante  e  intensidad  de  las  corrientes  atmosf^- 
ricas  y  cambios  de  tempera  tura.  Estos  Profesores  serdn  de  la  Universidad 
de  Cartagena,  del  Golegio  de  Boyacd,  de  la  Universidad  del  Cauca,  de  las 
Escudas  Normales  de  Manizales,  Keiva,  Santa  Marta,  Cdcuta,  Pamplona,  San 
Gil,  Call  y  Monterfa,  del  Golegio  de  *San  Sim6n'  de  Ibagu^,  del  Colegio  de 
•  Jesds,  Maria  y  Jos6  *  de  Chlquinquird,  del  Colegio  de  *  San  Pedro  Claver  *  de 
Bucaramanga,  de  la  Universidad  de  Narifio,  del  Institute  Pedagdgico  de  Tu- 
maco  y  de  las  Escuelas  Pdblicas  de  Quibdd. 

"5.'  Por  el  Minlsterio  de  Obras  Pdblicas  se  obtendrdn  dates  semejantes  y 
en  las  mismas  condiciones,  dd  F.  C.  del  Padflco,  en  Buenaventura,  del  F.  0.  de 
Cdcuta,  en  Puerto  Vlllamizar,  del  F.  C.  de  Antloquia  en  Puerto  Berrio  y 
Cisneros,  del  F.  C.  de  Puerto  Cesar,  en  Puerto  Cesar  y  Turbo,  del  F.  C.  de 
Puerto  Wiidies,  en  Puerto  Wildies  y  Puerto  Santos,  del  F.  C.  de  Girardot. 
en  Girardot  y  La  Esperanza,  del  F.  C.  de  La  Dorada,  en  Honda  y  La  Dorado. 

"O.*  Se  establecerdn  oficinas  meteorol6gicas  especiales,  que  tomen  dioria- 
mente  los  mismos  dates,  en  Calamar  del  Vaup^  Mocoo,  Arauca  y  Riohacha. 
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*'7.*  Los  emplcados  del  Servlclo  Meteorol6gico,  en  Riohacha,  Calamar  del 
Vaup^s,  Mocoa  y  Arauca  dependerdn  de  los  Jefes  PoUticos  de  cada  lugar  y 
devengari!ln  del  Tesoro  Nnciomil,  la  suma  de  $50  oro  monsuales  cada  tino. 

"8/  Los  pluvl6nietros  y  term^metros  usados  por  los  encargados  de  colectar 
los  dates  meteorol6gicos,  serAn  suminlstrados  por  el  Observatorlo  Nacional 
bajo  un  patr6n  rlgurosamente  uniforme. 

**9^  Cada  ocho  dias  se  remltir&n  a  la  Oficina  Meteorol6glca  Central  los 
dates  recogidos,  sin  perjulclo  de  comunlcar  telegrdflcamente  aquellos  fenOmenos 
(tempestades,  Rdbitos  cambios  de  temperatura,  granlzadas,  etc.)  que  requleran 
nn  reglstro  especial. 

**  10*.  En  Bogotd,  Medellfn,  Barranqullla  y  Popay&n,  donde  exlstan  Obserra- 
iorlos  Meteorol6glcos  ya  organlzados,  se  reglstrardn  las  varlaclones  del  bard- 
metro  a  horas  determlnadas. 

"U.*  Todos  los  dates  recogldoe  en  el  pafs  serftn  dlspuestos  dos  veces  al 
Dies,  por  la  Oficina  Central  del  Observatorlo,  en  cartas  y  grAflcos  convenlentes, 
segtln  las  tUtlmas  Convenclones  Meteorol6gicas.  Estas  cartas,  grdficos,  cnadros 
respectlvos,  etc,  junto  con  las  observaciones  practlcadas  en  Bogota  sobre  el 
actlndmetro,  la  superficle  solar  y  el  potencial  elfktrlco,  verdu  la  luz  pUblica 
en  un  'Boletfn  Mensual  del  Observatorlo  Nacional,*  edltado  en  la  Imprenta 
Nacional  y  que  se  envlarft  a  todas  las  capltales  de  los  Departamentos,  a  los 
Institutes  de  Agrlcultura,  a  las  Empresas  de  Navegacl6n,  a  las  Compafifas 
de  Seguros  Agrfcolas,  etc.,  y  se  canjeard  con  todas  las  publlcaclones  slmllares 
del  Exterior. 

'*12.*  El  Director  del  Observatorlo  Nadonal  tendrd  baJo  su  Inmedlata  de* 
pendencia  un  Ingenlero  graduado  encargado  de  la  ordenaci6n  de  dates,  dlbujo 
de  los  grdficos  respectlvos,  organlzaci6n  de  las  observaciones,  patronamiento 
de  los  aparatos,  publlcaclOn  del  Boletfn,  etc.,  etc.,  que  devengard  un  sueldo 
mensual  de  $100  oro,  y  un  Oficlal-Escriblente  que  devengard  otro  de  $50  oro 
mensunles, 

"13.*  Lne  nonibromlentos  en  el  Raroo  del  Servlclo  Meteorol6gico  se  liardn 
por  el  Mlnlsterlo  de  Instrucdon  Pdbllca  de  ternos  presentadas  por  el  sefior 
Director  del  Ob8er\'atorlo. 

"  14.  El  sueldo  mensual  del  Director  del  Observatorlo  se  elevard  a  la  suma 
de  $200  oro.  T  ^te,  los  empleados  del  Ser>iclo  Meteoroldglco  y  los  Instltutos 
que  rem! tan  dates  al  Observatorlo  gozardn  de  franqulcta  telegrdfica  y  postal. 

**15.  Los  gastoe  que  ocasione  el  cumpllralento  de  la  presente  Ley  serdn  de 
cargo  del  Tesoro  Nacional  y  quedan  Incluldos  en  el  Presupuesto  en  vlgencla, 
etc." 

Las  slgulentes  razones  motivan  la  presentacidn  de  este  proyecto  de  ley  que, 
come  se  dljo,  es  de  Importancla  notprla  para  el  progreso  industrial  y  agrfcola 
del  pafs: 

1.*  En  el  artfculo  1.*  del  proyecto  se  enunda  daramente.  Esta  raz6n  es  de 
peso,  si  se  consldera  que  no  debe  tardar  el  dfn  en  que  se  convoque  a  una  Con- 
ferencla  Intemaclonal  Meteorologlca,  en  alguna  de  las  Repdblicas  hispanas, 
Vergonzo  serfa  para  Colombia  aparecer  con  las  manos  vncfas  en  un  certamen  de 
trascendencla,  cuando  todos  los  pafses  ban  organlzado  u  organbsan  en  la 
actualidad  su  Servlclo  MeteoroIdi;lco,  y  cuando,  preclsamente,  en  el  prlvlle- 
glado  terrltorio  de  Colombia,  tu\'o  orlgen  la  dencla  meteoro16gica,  con  las 
observaciones  de  Humboldt,  Boussingault,  Bourdon,  Gaudot,  RouUn  y  otros 
(entre  ellos  Caldas). 

2*.  Los  datos  meteorol6gicos  que  se  ban  tornado  en  Bogotd,  desde  el  tiempo 
de  Caldas,  y  en  MedelHn,  Barranqullla  y  Popaydn,  en  ^pocas  recientes,  son 
elementos  aislados  que  a  lo  sumo  bacen  conocer  el  cllma  de  cada  localldad, 
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COD  las  leyes  a  que  obedecen  sus  variaciones,  pero  que  nunca  permitiriln 
Terlflcar  el  conocimiento  del  cllmn  general  del  pais,  ni  mucho  meuos  prestar 
serriclo  efectlvo  a  la  agrlcultura  nadonal. 

3.*  Las  estadfsticas  agrfcolas,  que  boy  slrven  en  todo  el  mundo  para  las 
Ck>mpafifas  de  Seguros,  prestando  a  la  agrlcultura  inmensos  servlclos  con  nn 
ramo  especial  de  aseguro,  tlenen  su  fundamento  en  las  estadfsticas  meteoro- 
16glcas  y  en  el  conocimiento  de  loe  cllmas  regionales. 

4.*  En  muchas  drcunstandas,  las  Empresos  de  acueductos  orbanos»  las 
Gompofifas  de  navegacl6n  fluvial ;  las  Empresas  de  canalizacl6n ;  las  Socledades 
de  Agrlcultura,  etc.,  .  .  .  necesitan  Indlspensablemente  de  las  estadlstlcas 
meteorologlcas.  Esta  necesldad  se  bard  sentlr  de  una  manera  Imperlosa  cuando 
se  organlce  un  servlcio  de  lrrigacl6n  eflcaz,  se  extlendan  los  cultlvos  de  secono 
y  la  agrlcultura  nadonal,  abandonando  procedlmlentos  rutluarlos,  deje  de  ser 
on  juego  de  suerte  y  azar. 

5.*  El  estableclmlento  del  Servlcio  Meteorol6glco  en  Colombia  serd  util  a  la 
meteorologla  universal,  pues  contrlbuird  al  mejor  conocimiento  de  las  Icyes 
que  rlgen  los  fen6menos  meteorol6glcoB  en  las  reglones  equinocclales. 

The  Chairman.  With  your  permission  now  1  will  present  my  own 
paper,  which  gives  an  outline  of  the  organization  of  meteorology  and 
seismology  in  the  United  States  of  North  America. 


ORGANIZATION   OF  METEOROLOGY  AND   SEISMOLOGY   IN   THE 

UNITED  STATES. 

By  CHARLES  P.  MARVIN, 
Chief  United  States  Weather  Bureau,  Washington,  D,  C, 

My  chief  effort  In  connection  with  the  work  of  this  subsection  of  the  Second 
Pan  American  Ck>ngress  is  to  urge  the  greatest  possible  extension  in  the  number 
and  distribution  of  meteorological  and  seismological  stations  and  to  encourage 
the  improvement  and  standardization  of  instruments,  their  exposure,  the  pro- 
gram of  observations,  methods,  and  the  publication  of  results. 

The  deductions  of  theoretical  meteorology  must  be  based  upon  and  be  verified 
by  and  conform  to  all  the  facts  and  results  of  observations  in  the  great  laboratory 
of  Nature.  Many  other  sciences  may  be  very  largely  built  up  tlirough  exi>erl- 
mentation  in  the  artificial  laboratories  of  our  research  institutions,  and  this  is 
partly  true  of  some  of  the  problems  of  meteorology.  The  great  phenomena  of 
the  atmosphere,  however,  occur  upon  such  a  gigantic  scale  that  they  can  bo 
adequately  analyzed  and  observed  only  under  natural  conditions. 

Every  student  of  climatology  or  of  theoretical  meteorology  finds  himself 
sooner  or  later  in  need  of  more  or  better  observational  data  and  statistics.  This 
need  can  be  supplied  only  by  the  addition  of  new  services  and  stations  in  the 
fields  not  now  occupied.  New  services  and  observing  stations  are  certain  to 
come  slowly  as  time  goes  on,  but  we  hope  the  work  of  this  great  Pan  American 
Congress  may  hasten  the  results  so  greatly  desired. 

The  present  organization  of  the  United  States  Weather  Bureau  represents 
the  growth  and  experience  of  nearly  45  years  of  the  active  existence  of  a  great 
public  service  that  has  many  unique  features,  and  that  organization  may. 
tlierefore,  serve  as  a  type  or  exnmple  or  suggestion  upon  which  other  services 
having  similar  objects  may  be  planned. 

It  can  not  be  presumed  that  what  may  prove  very  efllcient  and  satisfactorj 
in  the  United  States  will  be  equnlly  suitable  elsewhere.     Each  organization 


Digitized  by  VjOOQIC 


ASTRONOMY,  liETEOBOLOQT,  AND  SEISMOLOGY.  769 

must  necessarily  be  adapted  to  tlie  legislative,  executive,  and  administrative 
conditions  by  wliicli  it  is  surrounded. 

If  time  permitted,  it  would  be  interesting  to  briefly  outline  the  history  of 
the  United  States  Weather  Bureau,  but  those  seeking  historical  details  can 
readily  find  such  elsewhere  In  meteorological  literature.  It  seems  sufficient  here 
simply  to  mention  the  immediate  influences  leading  to  tlie  inception  of  the 
service  and  to  quote  the  original  acts  of  Ck)ngress  providing  for  its  establishment 
and  continuance. 

The  United  States  Weather  Bureau  is  the  embodiment  and  outcome  of  pioneer 
worl£  conceived  and  executed  by  Prof.  Cleveland  Abbe  during  tlie  years  18C7 
to  1870,  while  he  was  director  of  the  Mitchel  Astronomical  Observatory  at  Cin- 
cinnati, Ohio.  In  claiming  that  the  Federal  bureau  was  the  outcome  of  Abbe*s 
initiative  we  do  not  in  tlie  least  disregard  or  ignore  tlie  splendid  work  done  in 
the  United  States  by  such  men  as  Redfield,  Piddington,  Maury,  Espy,  Henry, 
Ferrel,  and  others,  or  of  the  similar  labors  of  equally  eminent  pioneers  abroad. 
All  contributed  greatly  to  give  meteorology  a  place  among  the  sciences,  but  it 
remained  for  Abbe  to  give  the  country  a  concrete  demonstration  of  just  how  a 
practical  meteorological  bureau  rendering  a  definite  daily  service  to  the  com- 
munity could  be  organized  and  conducted.  He,  it  seems,  realized  in  fuller  degree 
than  any  others  the  beneficent  possibilities  of  the  work  and  saw  ways  in 
which  the  results  could  be  obtained. 

The  Joint  resolution  of  Congress,  approved  Feburary  9,  1870,  providing  for 
the  establishment  of  the  meteorological  work  by  the  United  States  Government 
under  the  Signal  Service  of  the  Army,  reads  as  follows : 

That  the  Secretary  of  War  be,  and  he  hereby  is,  authorized  and  required 
to  provide  for  taking  meteorological  observations  at  the  military  stations  in 
the  interior  of  tlie  continent  an^l  at  other  points  in  the  States  and  Territories 
of  the  United  States,  and  for  giving  notice  on  the  northern  lakes  and  on  the 
seaconst,  by  magnetic  telegraph  and  marine  signals,  of  the  approach  and  force 
of  storms. 

In  order  to  accomplish  the  more  effective  and  consistent  administration  of 
its  duties,  tlie  work  and  essential  personnel  of  the  service  were  transferred  to 
the  Department  of  Agriculture  by  act  of  Congress  approved  October  1,  1800. 
This  act  gave  the  organization  its  present  name,  the  Weather  Bureau.  Section 
8  of  that  act  defines  the  duties  and  functions  of  the  chief  of  the  bureau  in  the 
following  language : 

Sec.  3.  That  the  Chief  of  the  Weather  Bureau,  under  the  direction  of  the 
Secretary  of  Agriculture,  on  and  after  July  first,  eighteen  hundred  and  ninety- 
one,  shall  have  charge  of  the  forecasting  of  weather,  the  Issue  of  storm  warn- 
ings, the  display  of  weather  and  flood  signals  for  tlie  benefit  of  agi'iculture, 
commerce,  and  navigation,  the  gauging  and  reporting  of  rivers,  the  maintenance 
nnd  operation  of  sea-coast  telegraph  lines  and  the  collection  and  transmission 
of  marine  intelligence  for  the  benefit  of  commerce  and  navigation,  the  report- 
ing of  temperature  and  rainfall  conditions  for  the  cotton  interests,  tiie  display 
of  frost  and  cold-wave  signals,  the  distribution  of  meteorological  information 
in  the  interests  of  agriculture  and  commerce,  and  the  taking  of  such  meteor- 
ological observations  as  may  be  necessary  to  establish  and  record  the  climatic 
conditions  of  the  United  States,  or  as  are  essential  for  the  proper  execution  of 
the  forgoing  duties, 

A  study  of  the  origin,  as  well  as  of  the  legislation  providing  for  the  estab- 
lishment and  extension  of  the  Weather  Bureau,  clearly  indicates  that  practical 
utility  has  always  been  a  dominating  consideration.  The  chief  criterion  by 
which  the  Justification  of  appropriations  is  determined  Is  tlie  direct  benefit  to 
agriculture,  commerce,  and  navigation.    Such  a  condition  is  not  highly  propl- 


Digitized  by  VjOOQIC 


770       PB0CEEDIKQ8  SECOND  PAN  AMEBIOAK  SCIENTITIO  CONGBESS. 

tlous  to  the  rapid  progress  of  the  pure  science  of  meteorology;  nevertheless, 
there  is  no  laclc  of  authority  of  law  permitting  the  Weatlier  Bureau  to  engage 
in  reseorch  and  legitimate  investigations  in  the  realm  of  pure  meteorology.  In 
the  practical  administration  of  the  appropriations,  however,  by  far  the  greater 
part  is  required  for  the  effective  maintenance  of  the  regular  dully  ser\'ice, 
while  the  amount  that  can  be  diverted  to  tedmical  investigations  and  studies 
Is  relatively  small.  A  fair  recognition  of  these  conditions  Is  essential  to  a 
proper  understanding  of  the  work  of  the  bureau,  which  may  well  be  styled  a 
work  of  applied  meteorology. 

The  organization  of  the  Weather  Bureau  is  planned  to  accomplish  its  funda- 
mental purposes  in  the  best  possible  manner,  and  may  be  summarized  under 
four  principal  topics,  namely:  (1)  personnel;  (2)  stations  and  their  principal 
activities;  (3)  telegraphic  intercommunication;  (4)  results. 

Treating  these  titles  separately  we  have  the  following : 

1.  FEBSONKEL. 

Chief  of  bureau,  assistant  chief,  chief  clerk,  800  commissioned  employees  with 
regular  salary,  112  clerical  employees  for  administrative  work. 

Scientific  and  technical  staff. — 12  professors  of  meteorology,  10  district  fore- 
casters, 83  meteorologists  and  climatologists,  30  section  directors,  70  local  fore- 
casters, 140  observers,  170  assistant  observers,  32  printers. 

Nontechnical. — ^1G4  messengers,  20  laborers,  10  repairmea 

Noncommi98ioned  employees. — Pay  $25  per  month  or  less,  or  by  observation 
reported.  Sixty  special  meteorological  observers,  63S  river  and  rainfall  observerSi 
178  mountain  snowfall  obser\-er8,  418  crop-reporting  obser\*ers — (a)  corn  and 
wheat,  {b)  cotton,  (c)  ^ugar  and  rice,  (d)  tobacco,  (c)  broom  corn,  (/)  cattle 
and  stock,  {g)  tomato,  (h)  cranberry,  (t)  alfiilfa,  (/)  fruit;  105  storm- 
warning  display  men. 

Observers  receiving  no  money  compensation. — ^A  large  corps  of  cooperative 
observers  supplied  with  Government  Instruments  and  receiving  certain  publi- 
cations in  lieu  of  compensation.   Total  number,  about  4,000. 

S.  STATIONS  AND  THEIB  PBIKCIPAL  ACTIVITXES. 

City  of  WasJUngton. — ^Administrative  center  of  service.  Correspondence  and 
files;  inspection  of  principal  field  stations;  accounts  and  fiscal  alliairs;  snppllefl 
and  equipment;  telegraph  service;  printing  of  weather  maps,  bulletins  aud 
charts  for  immediate  issue;  general  printing  and  publicotlon;  drafting. 

Forecast  service:  Washington  district  forecasts  and  supervision  of  all  fore- 
cast work ;  forecast  studies ;  verification  of  forecasts. 

Climatological  service:  Comprising  work  In  agricultural  meteorology,  marine 
meteorology,  statistical  work  in  general  climatology  and  its  publication;  verifi- 
cation of  records  and  preservation  of  same. 

Seismology. 

Instruments:  Development,  standardization  and  issue. 

Library, 

Studies,  research,  and  investigations:  I.  General  in  all  lines  of  work.  H 
Special — (a)  aerology,  (b)  solar  radiation,  (c)  evaporation,  (d)  frost  and  air 
drainage  relations. 

Washington  meteorological  observatory. 

Field  stations. — One  hundred  and  ninety-seven  principal  stations,  coverlDj 
area  of  United  States,  Alaska,  Porto  Rico  and  West  Indies,  and  Ha\vaii.  Full 
Instrumental  equipment,  mostly  eye  observations,  8  a.  m.  and  8  p.  m.,  seventy- 
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fifth  meridian  time,  reported  telegraphically.  Pull  outomatic  records.  Act  08 
local  centers  of  collection  and  distribution  of  meteorological  information. 

Sixty  special  meteorological  stations.  Observe  pressure,  temperature,  pre- 
cipitation, wind,  and  weather ;  in  some  cases  temperature  only  for  frost  warn- 
ings for  orchards,  truclving,  tobacco,  cranberries,  and  other  crops.  Reports 
rendered  by  telegraph. 

Six  hundred  and  thirty-eight  rirer  end  rainfall  stations.  Observe  river 
stages,  and  precipitation,  and  report  regularly  or  at  special  times  by  telegraph. 

Three  hundred  and  fifty-one  crop-reporting  stations.  Observe  weather,  tem- 
perature, and  precipitation,  and  report  by  telegraph,  Including  certain  crop 
information.  Maintained  during  the  growing  season,  April  to  October,  inclu- 
sive. 

One  hundred  and  seventy-eight  mountain  snowfall  stations.  Observe  depth 
of  snow  on  ground  and  its  water  equivalent  In  particular  cases.  Report 
chiefly  by  mall  and  by  telegraph  in  some  cases. 

Four  thousand  six  hundred  dimatologlcal  stations.*  Observe  masdmum  and 
minimum  temperature,  weather,  and  precipitation.  Report  by  mail  at  end  of 
month.    Some  render  non instrumental  reports  of  earthquakes. 

One  hundred  and  ninety-five  storm-warning  display  stations.  Receive  warn- 
ings of  winds  dangerous  to  shipping.  Display  bulletins,  fiags,  and  lanterns,  and 
otherwise  distribute  warnings.    Do  not  make  observations  or  render  reports. 

Stations  by  groups, — Forecast  districts,  Washington  district,  Chicago  dis- 
trict. New  Orleans  district,  Denver  district,  Portland  district,  San  Francisco 
district,  dimatologlcal  districts. 

Each  Federal  State  is  arbitrarily  made  a  climatic  unit  for  convenience  in 
administration  and  the  collection  and  publication  of  data,  except  that  the  New 
England  States  constitute  one  climatic  group.  Similarly,  Maryland  and  Dela- 
ware, Porto  Rico,  and,  finally,  Hawaii,  constitute  each  a  unit  One  principal 
station  in  each  unit  supervises  the  work  of  the  district  under  the  direction  of 
a  dlmatologist  having  the  title  Section  Director.  Reports  are  rendered  monthly 
by  mail. 

Crop-reporting  districts. — Great  agricultural  sections  of  the  country  are 
grouped  according  to  the  staple  crop  cultivated  therein,  thus:  Cotton  region, 
corn  and  wheat  region,  sugar  and  rice  region,  tobacco  region,  etc.  In  some  cases 
tliese  regions  overlap,  and  small  regions  are  sometimes  comprised  wholly  within 
greater  regions.  During  the  crop  season  these  groups  of  stations  report  by  tele- 
graph to  their  appropriate  section  centers,  and  the  reports  are  given  wide  dis- 
semination. 

River  districts, — Stations  reiwrting  river  and  fiood  information  are  grouped 
chiefiy  by  rivers  and  their  immediately  contiguous  watersheds.  Several  districts 
ore  comprised  in  handling  the  work  for  large  rivers.  Reports  are  made  tele- 
graphically as  the  work  requires,  and  all  is  organized  under  and  supervised  by 
a  responsible  director. 

Other  minor  groupings  prevail  for  conducting  the  work  of  frost  wornings  and 
for  tiie  local  and  effective  dissemination  of  storm  warnings  in  the  interest  of 
shipping. 

8.  TELEGBAPHIC  INTEBCOMMUZnCATION. 

Telegraphic  drcuits  for  the  collodion  and  distribution  of  reports  and  the 
dissemination  of  forecasts,  warnings,  etc.     (See  circuit  map.) 

*  For  names  of  cllmntological  stations  and  maps  sbowlng  tbeir  locations  see  the  annual 
•ammaries  of  **  Climatological  Data  for  the  United  States  by  Sections,"  published  by  the 
United  States  Weather  Bureau. 
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Tho  cable  and  telegraphic  work  of  the  Weather  Bureau  is  conducted  almoA 
entirely  by  comma'cial  systems  and  Includes  tlie  use  of  wireless  systems  <tf 
tlie  United  States  Navy  and  commercial  companies.  Special  contracts  and 
rates  govern  tlie  work.  The  annual  cost  for  teiegrapliic  service  exceeda 
$250,000. 

4.  BE8ULTS. 

Immediate  rctults. — Simultaneous  meteorological  observations  at  8  a.  iil 
and  8  p.  m.,  seventy-fifth  meridian  time,  for  a  wide  expanse  of  territory. 

Printing  within  two  to  three  hours  after  observation,  and  issue  of  weather 
maps  and  bulletins,  and  the  wide  dissemination  of  forecasts  of  weattier, 
temperature,  hot  and  cold  waves,  floods,  storms,  and  every  iqiedes  of  current 
weather  information  that  will  be  helpful  to  the  public  The  economic  Taioe 
of  this  combined  service  to  the  public  Is  almost  beyond  estimation. 

Current  or  periodical  publications. — (a)  Tlie  Monthly  Weatlier  Review, 
including  its  supplements,  which  have  the  diaracter  of  monographs  on 
particular  subjects  treated. 

{b)  The  Climatologicai  Data,  a  monthly  issue  printed  in  42  sections,  rcpre- 
senting  all  the  observational  data  from  all  stations  in  each  section,  tliat  ia, 
generally  each  State.  Regularly  issued  in  less  tlian  30  days  after  the  end  of 
the  month  during  which  the  observations  are  taken.  Complete  tets  of  sectioo 
reports  are  assembled  and  bound  at  Washington  for  a  limited  maiiin^r  list 

(c)  Miscellaneous  pamphlets  of  more  or  less  technical  character  are  issued 
from  time  to  time,  comprising  technical  instructions  for  observing  and 
operating  instruments  and  performing  regular  station  duties. 

id)  Results  of  Investigations  and  research  are  published  as  they  become 
available,  and  the  methods  and  character  of  tlie  regular  work  of  the  bureav 
are  modified  as  may  be  required  to  utilize  to  tlie  fullest  extent  the  latest 
results  of  the  scientific  studies  constantly  In  progress. 

(e)  The  Annual  Report  of  tlie  Chief  of  the  Weather  Bureau,  which  com- 
prises a  complete  summary  of  all  the  meteorological  observations  made  at  the 
fully  equipped  stations  maintained  by  the  Weather  Bureau,  accompanied  by 
special  compilations  of  particular  data. 

Appendix  I. 

U8T  OF  OBSERVING   STATIONS    MAINTAINED  FOB   FOBECASTINO  PX7BP06E8. 

The  follovdng  table  contains  the  geographic  coordinates  of  the  several  statioosr 
the  adopted  height  of  tlie  barometer  cistern  above  mean  sea  level  and  of  other 
instruments  above  ground,  the  difference  between  local  mean  and  seventy-fiftb 
meridian  time,  and  the  date  on  which  observations  began.  The  standard  of  time 
used  by  the  Weather  Bureau  In  all  of  Its  synchronous  work  is  that  of  tiie 
seven ty-fif til  meridian  (Eastern  time),  which  standard  Is  always  understood, 
unless  otherwise  expressed. 

The  elevations  of  the  barometers  are  those  adopted  January  1,  1900,  except 
at  stations  established  since  that  date.  They  are  the  results  of  precise  levels, 
and  are  known  as  the  "  station  elevation." 

Any  change  In  the  elevation  of  the  remaining  instruments  is  shown  by  tl» 
figures  immediately  below,  and  the  date  of  such  change  is  given  on  the  margia 
of  the  table. 

The  significance  of  the  bold-face  letter  or  letters  following  the  name  of  sta* 
tion  Is  as  follows : 

P=contlnuous  records  of  pressure  (on  December  81, 1D14). 
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T=contln\iou8  records  of  temperature  (on  December  81,  1914). 
W=contlnuoas  records  of  wind  (direction  and  velocity)   (on  December  31, 
1014). 

K=issues  a  dally  weatber  map. 

V=continuous  records  of  wind  (velocity  only)  (on  December  31,  1014). 
B^continuous  records  of  rainfall  (on  December  81,  1014). 
8~continuous  records  of  sunshine  (on  December  81,  1014). 

Summary  of  stations  in  operation  during  tJie  year. 

Taking  two  observations  daily  (all  elements) 180 

Talcing  one  observation  daily  (all  elements) 65 

Taking    one    observation    dally     (temperature,    rainfall,    wind,    and 

weather) 17 

Taking  one  observation  daily    (temperature  and  rainfall  only,  cotton, 

sugar,  and  rice  regions) 133 

Taking  one  observation  daily  (temperature  and  rainfall  only,  corn  and 

wheat  region) 151 

Taking  one  observation  daily  (river  and  rainfall  only) 880 

Taking  one  observation  daily  (rainfall  stations) 78 

River  flood  stations 00 

Rainfall  flood  stations 73 

Taking  one  observation  dally  (cotton  and  special  meteorological) 2 

Taking  one  observation  daily  (special  meteorological  and  river) 4 

Taking  one  observation  dally  (sugar  ond  rice  and  river) 2 

Taking  one  obser^-ation  dally  (cotton  and  river) 27 

Taking  one  observation  daily  (cotton  and  rainfall) 20 

Taking  one  observation  dally  (corn  and  wheat  and  river) 0 

Taking  one  observation  dally  (corn  and  wheat  and  rainfall) 7 

Taking  one  observation  daily  (river  and  storm  warning) 1 

Taking  one  observation  dally  (cranberry) 9 

Taking  one  observation  daily  (special  fruit) 38 

Taking  one  observation  daily  (special  fruit  and  river) 3 

Taking  one  observation  dally   (special  meteorological  and  storm  warn- 
ing)   2 

Taking  one  observation  dally  (special  meteorological  and  tomato) 1 

Taking  one  observation  daily  (cattle  region) 12 

Taking  one  observation  daily  (special  tobacco) 12 

Taking  one  observation  daily  (special  alfalfa) 3 

Taking  one  observation  dally  (special  tomato) 1 

Vessel  weather  stations 54 

Snowfall  stations 232 

Total  paid  stations 1, 563 

Cooperative  stations,  about 1 *  4, 200 

Grand  total ; 5, 7(J3 

*ExcluxIre  of  the  observers  of  the  cotton,  sagar,  and  rice,  and  corn  and  wheat 
regions  who  generally  act  as  cooperative  observers  during  the  period  when  not  employed 
as  special  observers. 
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TABiJfi  I.— Latitude,  longitude,  elevation,  etc.,  of  Weather  Bureau  Stationa. 
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11 

^1 
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• 

32 
42 
45 
34 
35 
33 
29 
35 
33 
39 
33 
44 
39 
36 
45 
42 
33 
46 
48 
41 
43 
42 
26 
42 
44 
37 
44 
38 
36 
38 
43 
32 
35 
35 
41 
41 
39 
41 
38 
34 
39 
43 
39 
60 
34 
27 
32 
41 
39 
36 
29 
39 
41 
42 
48 
37 
42 
46 
37 
53 
64 
44 
38 
31 
42 
45 
40 
37 
35 
34 

23 
39 
05 
37 
13 
39 
45 
36 
45 
22 
28 
46 
17 
22 
47 
08 
32 
47 
50 
10 
37 
21 
00 
53 
29 
00 
36 
26 
56 
56 
04 
47 
13 
04 
06 
53 
06 
30 
57 
00 
68 
12 
35 
35 
57 
49 
46 
30 
46 
35 
20 
45 
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20 
07 
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30 
47 
16 
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54 
53 
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07 
48 
48 
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48 

• 

99 
73 
83 
99 
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85 
84 
82 

fj 

81 
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76 
94 
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71 
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71 
97 
78 
73 
89 
75 
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76 
74 
92 
79 
80 
85 
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87 
84 
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92 
81 
83 
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07 
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88 
97 
96 
93 
84 

121 
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93 
83 
98 
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90 
92 
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141 
66 
79 
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80 
87 

124 
87 
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87 

f 

40 
45 
30 
20 
50 
50 
18 
32 
23 
25 
54 
60 
37 
12 
30 
55 
50 
38 
45 
36 
13 
04 
26 
53 
12 
10 
10 
15 
00 
51 
38 
56 
51 
14 
48 
37 
30 
42 
20 
03 
00 
32 
41 
40 
2C 
25 
47 
38 
10 
60 
53 
00 
37 
03 
52 
00 
44 
06 
52 
32 
12 
59 
49 
30 
05 
05 
11 
33 
37 
37 

1    39  8. 

06  F. 

34  8. 
1    37  8. 

1  47  8. 
43  8. 
40  8. 
30  8. 
38  8. 
02  F. 
28  8. 

2  518. 

06  8. 

1  17  8. 

2  14  8. 
04  8. 

47  8. 

1  43  8. 

3  118. 
14  F. 

2  45  8. 
16  F. 

1  30  8. 
16  8. 

07  F. 
57  8. 
018. 

2  018. 
04  8. 
01  F. 

1    118. 
20  8. 

23  8. 
418. 

1    508. 

60  8. 

38  8. 

27  8. 
1    09  8. 

24  8. 
32  8. 
14  F. 

1    318. 

4  43  8. 
54  8. 

1    30  8. 

1    27  8. 

1    03  8. 

37  8. 

3  07  8. 

1  44  8. 

2  008. 
1    14  8. 

32  8. 
1    3.5  8. 
1    40  8. 
1    03  8. 

1  08  8. 

2  118 
6    00  8. 

4  25  8. 
32  F. 

19  8. 

2  068. 

20  8. 

48  8. 

3  17  8. 
50  8. 

2    26a 
50  8. 

Ft, 

1,738 

97 

609 

1,410 

3,676 

741 

35 

2,255 

T  174 

52 

180 

3,471 

123 

1,303 

3,139 

871 

700 

1,674 

57 

26 

2,739 

125 

67 

767 

404 

356 

448 

"is* 

17 

1,015 

48 

773 

762 

6,068 

8i3 

tVJS 

7W 

7S4 

3ol 

S_'4 

'2SS 

l,39S 

07 

470 

■^o 

[A  2 

S99 

Ft. 

10 

102 

13 

5 

10 

9 

0 

70 

190 

37 

80 

48 

100 

11 

5 

10 

11 

8 

4 

11 

78 

115 

3 

247 

11 

87 

10 

5 

9 

13 

10 

11 

68 

189 

84 

140 

152 

190 

11 

41 

173 

70 

42 

6 

0 

60 

109 

71 

181 

Ft. 

3 

100 

4 

3 

3 

3 

3 

61 

182 

33 

54 

40 

90 

3 

3 

3 

3 

3 

4 

3 

72 

154 

2 

238 

3 

80 

4 

3 

43 

3 

4 

76 

60 

167 

75 

133 

145 

163 

3 

32 

171 

62 

35 

5 

3 

61 

92 

65 

176 

Ft. 
52 
116 
92 

49' 
57 

84* 
216 
48 
07 
53 
113 
44 

09* 
48 
57 

46* 
86 

188 
40 

280 
48 
03 
01 

*58" 
49 
49 
92 
76 
^13 
101 
310 
160 
201 
84 
57 
222 
79 
50 

'77' 

117 

79 

210 

?ss:^l!'?S 

Albany.'PT  WBSk...              

Dec  22,1871 

Alpena,  PT  WAS 

Sept.  10  l«J 

Alius..'. 

Apr.     l.ltU 

Amarlllo,  P  T  W  B  S 

Jan.     1,1808 

Annliton.  P  T  W  S  8 

Oct.   16,lSQi 

ApalaohicDla 

Asheville,  P  T  W  B  8 

July  21,1913 
Auk.  22,1931 

Atlanta,  P  T  W  B  8  M 

Sept.  25.1871 

Atlantic  I  ity.PTWBS 

Dec  10.  un 

Augusta,  P  T  W  B  8  M 

Nor.    2,1870 

Baker,  PTWBS 

July     9,1M 

Baliimore,  P  T  W  B  8 

Jan.     1,1871 

Bentonvllie,  PTWBS 

Mar.  16,1901 

Billings 

May     1,1901 

Bfnghamton, P T W B  SK 

Oct.     1,18N 

Birmingham,  P  T  W  B  8  M 

8ept.l4,M 

Bismarck.  P  T  W  R  8  ...                

Sept.  15,1874 

Blaine.... '".,'.. 

Jan.    14,1001 

Bl3ckIsland,PTWBS 

Sept.    1,1000 

Boise,  PT  WBSK 

July     1,1877 

Boston.  P  T  W  B  8  K 

Nov.    l.l«» 

Brownsville,  V 

Nov.  18.  UTS 

Buffalo,  P  T  W  B  S  K 

Nov.    l,i«9 

Burllneton.PTWBSM 

Mar.  29,1000 

Cairo,  PT  WBSK 

June    1,1871 

Canton,PTWBS                 

July     1.1000 

Canon  ^  ity ,  .    [    ^ 

July     1,1910 

Capenenry,PT  WBS 

Dec  15.1873 

Cape  May,  T  W 

July   16,1007 

Charles  City,  P  T  W  B  S 

Nov.    1,1004 

Charleston,  P  T  W  B  S  K 

Jan.     5,1871 

Charlotte,  P  T  W  B  8 

Oct.     6,lfi8 

Chattanoom.  PTWBS  M 

Sept.  12,18:1 

Cheyenne,  P  T  W  B  S  K 

NovT    i;i870 

Chicaeo.  P  T  W  B  S  K 

no. 

C  Indnnatl,  P  T  W  B  S  M 

Do. 

Cleveland.  P  T  W  B  8  M       

l>o. 

Columbia, Mo., P T W B  SK 

Au«.  31.1880 

Columbia,  8.  C.,  P  T  W  BSK 

June    6,1887 

Columbus,  P  T  W  B  8 

July     1,1870 

Concord,  P  T  W  B  8 

Nov.    1  1001 

Concordia,  P  T  W  B  8 

May     1,108S 

Cordova 

Auff.  15,1911 

Corinth 

'riS.  1:IS 

Corpus  (  hristi,  P  T  W  B  SK 

Dallas,  PTWBS 

Oct.    15,19U 

Davenport,  PT  WBSK 

May  24,1871 

Davton,  P  T  W  B  8  K 

July  10,1911 

Del  Monte 

Nov.  10,1910 

DelRio,  PTWBS 

944 
5,291 

mi 

7:J() 
l,4S-> 
2,  .^^19 

698 
1,  I3:l 

n 

8i:) 

70 

1,940 

3,76:i 

714 

fil2 

62 

4;u 

6,907 
620 

64 

129 

84 

218 

11 

11 

81 

11 

18 

3 

0 

67 

41 

110 

92 

54 

73 

72 

8 

5 

56 
119 
76 
214 
4 
3 
76 
3 
3 
3 

71 

in 

97 
258 
44 

51 
96 
47 
56 

Nov.    9  1900 

Denver,  P  T  W  B  8  K 

Nov.  19.1871 

DesMoine8.PTWB8K 

July  29,1877 

Detroit,  P  T  W  B  8  K 

Nov.    1,1870 

Devils  Lake.  P  T  W  B  8 

Dec.     7  1004 

Dodge  city.  PT^B  8 

Sept.  15,1874 
July    2.1873 

Dubuque,  P  T  W  B  8  K 

Dululh,  P  T  W  B  S  K 

Nov.    1,18:« 

D  urango 

Deo.  SO  1004 

Dutch  llarbor » 

Sept.   6»1911 

Eagle..          ...            

June  24. 1910 

Eastport,  PTWBS..    .! 

62 
84 
102 
82 
44 
66 
66 
3 
Z 

85 
50 
133 
102 
60 
89 
82 
57 

Apr.    1,1871 

Elkln8,PTWBSK 

Jan.     lIlSOO 

El  Paso,PTWBS 

Apr.  1,1878 
MAy  2N1873 

Erie.  PT  WBSK 

E8canaba,PTWB8K 

May  24^1871 

Eureka,  PTWBS 

Jan.     V,l$B 

Evansville,  P  T  W  B  8 

Dec    1  1807 

Flagstaff,  P  T  W  B  8 

Sept.  9.18K 

Florence 

Uu.  10,1913 

t  Formerly  known  as  Unalaska. 
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Buttons. 


Fort8mith,PTWBBM 

Fort  Wayne,  P  T  W  B  8  M.... 

Fort  Worth,  PTWBSM 

FresDo^PTWRSM 

OalvestoD,  PTWBSM 

Grand  Forks 

Grand  Haven, PTWB 8 

Grand  Junction,  PTWBSM 
Grand  Rapids,  PTWBSM... 

Green  Bay,  PTWBS 

Greenville 

Hannibal,  P  T  W  B  S 

ITarrlsburg.PTWB8M 

Hartford,  PTWBSM 

Hatteras.  P  T  W  B  S 

Havre,  PTWBS 

Helena,  PTWBS 

Honolulu,  P  T  W  B  8 

Houghton,  P  T  W  BS 

Houston,  P  T  W  B  S 

Huron,  PTWBS 

Independence,  P  T  W  B  8 

Indianapolis,  PTWBS 

lola,  PTWBS 

Ithaca,  PTWBSM 

Jackson ■ 

Jacksonville,  PTWBSM.... 

Kallspell,  P  T  W  B  S ■ 

KansasCity,  PTWBSM.... 

Keokuk,  PTWBS 

Key  West,  PTWBS 

Knoxville,  PTWBSM 

LaCro8se,PTWBSM 

Lander,  PTWBS 

Lansing,  PTWBSM 

Leadvine,T 

Lewiston,  PTWBSM 

Lexington,  P  T  W  B  8 

Lincoln,  PTWBSM 

LillleRock,PTWBSM 

LoeAneeles.  PTWBSM 

Loulsvfile,  P  T  W  B  S 

Ludinffton,  P  T  W  B  S 

Lynchmirg,  P  T  W  B  S 

fiacon,  PTWBSM 

Hadisun^TWBSM 

Manteo,V 

Marquette,  PTWBSM 

Marshfield 

Medford 

Memphis,  P  T  W  B  S 

Heridian.  PTWBSM 

Miami,  PTWBSM 

MllesClty,PV 

Hilwaukee.PTWBSM 

Minneapolls,PTWBSM 

Missoula 

Mobile,  PTWBS  M 

Modena,  PTWBS 

MontgDmery,P  T  W  B  S  M. . . 

Moorfiead,  PTWBS 

Mount  Tamalpais,  PTWBS.. 
Mount  Weather,  P  T  W  B  S. .. . 

Muskogee 

Nantucket,  P  T  W  B  S 

Narragansett  Pier 

Nashville,  P  T  W  B  8 

New  Haven,  PTWBSM... 
New  Orleans,  PTWBSM... 

New  York,  PTWBSM 

Nome 


lati- 
tudo. 


35  22 

41  06 
32  43 

36  43 
29  18 

47  £6 

43  06 
39  04 

42  £8 

44  31 

45  24 

39  41 

40  16 

41  40 

35  15 

48  34 
40  34 
21  19 

47  07 

29  47 
44  21 

36  48 
39  46 

37  55 

42  27 
32  04 

30  20 

48  10 

39  05 

40  22 

24  33 

36  56 

43  49 
42  60 

42  44 

39  15 

46  25 

38  02 

40  49 
34  45 

34  03 

38  15 

43  57 

37  25 
32  50 
43  05 

35  64 
46  34 
43  22 

42  20 
35  09 
32  21 

25  48 
46  25 

43  02 

44  59 
46  51 
30  41 
37  48 
32  23 
46  52 
37  56 

39  04 

35  44 

41  17 
41  19 

36  10 
41  18 
29  58 

40  43 
64  30 


Longi- 
tude. 


Local 
meridian 

time 
faster  or 

slower 
than  7oth 
meridian. 


Ba- 


etcr 

above 


h,   m. 


94  24  1 
85  10  I 
1 
2 

1 
1 


97 

15 

119 

40 

94 

50 

97 

04 

86 

13 

108 

S4 

85 

40 

88 

00 

69 

83 

91 

20 

76 

52 

72 

40 

75 

40 

1C9 

40 

112 

04 

157 

52 

88 

34 

95 

24 

98 

14 

118 

12 

86 

10 

95 

25 

76 

29 

90 

10 

81 

39 

114 

25 

94 

37 

91 

26 

81 

48 

83 

£8 

91 

15 

108 

45 

84 

26 

106 

18 

117 

02 

84 

33 

96 

45 

92 

06 

118 

15 

85 

45 

86 

27 

79 

00 

83 

38 

89 

23 

75 

40 

87 

24 

124 

17 

122 

£2 

90 

03 

88 

40 

80 
105 

12 
49 

87 
93 

54 

18 

113 

59 

88 

02 

113 

54 

86 

18 

96 

44 

122 

35 

77 

54 

95 

22 

70 

06 

71 

17 

86 

47 

72 

56 

90 

04 

74 

00 

166 

24 

18  & 

41  a 

29  8. 

£9& 

19  8. 
28  8. 
45  8. 

14  8. 
43  8. 

52  8. 
22  F. 

05  8. 

07  8. 
OOF. 
03  8. 
19  & 
28  8. 
318. 
£4  8. 
22  8. 
33& 

53  8. 

45  8. 
22  8. 

06  8. 
018. 
27  8. 
38  8. 
18  8. 
06  8. 
27  8. 
36& 
06  8. 

15  8. 
38  8. 
05  8. 
48  8. 
38  8. 
27  8. 

08  8. 
53  8. 
43  8. 

46  8. 
17  8. 
35  8. 
£8  8. 
03& 
50  8. 

3  17& 
3  lis. 

1  008. 
'55  8. 

218. 

2  03  8. 


52  8. 
13  8. 
36  8. 
52  8. 
36  8. 
45  8. 
27  8. 
10  8. 
12  8. 
218. 
20  F. 
15  F. 
47  8. 
08  F. 
00  8. 
04  F. 
02  8. 


Elevation  Dec.  31, 
1914. 


FL 

457 
856 
670 
830 
54 
835 
632 

4,602 
707 
617 

1,070 

534 

374 

U9 

11 

2,505 

4,110 
38 
668 
138 

1,306 

3,910 

■^822 

984 

836 

280 

43 

2,962 

■^963 

614 

22 

996 

714 

5,372 
878 

10,246 
767 
989 

1,180 
357 
338 
525 
637 
681 
370 
974 
12 
734 
36 

1,425 
399 
375 
25 

2,371 
681 
918 

8,234 
57 

6,479 
223 
940 

2,375 

1,725 
617 
12 


546 
106 

51 
814 

22 


4 


n 

is 
^1 


Ft. 

94 

124 

114 
98 

114 
89 
92 
96 
87 

144 

ioi* 

104 

140 
£0 
44 

114 

119 
72 

121 
74 
42 

164 
£0 

100 

129' 
34 

181 
78 
64 

100 
48 
68 
62 

48" 
102 

147 
191 
255 
66 
188 
87 
78 
46 
111 

80" 
97 
03 
79 
48 
139 
2C8 

ioi' 

43 
112 
57 
18 
75 

90' 

ioi' 

155 
121 
454 


ObserratioDs 
began* 


Apr.  13,1879 
June  1,1911 
Sept.  1,1898 
Aug.  18,1887 
Apr.  19,1871 
Aug.  15,1911 
May  24,1871 
Jan.  1,1899 
July  1,1903 
Sept.  1,1886 
Oct.  1,1007 
Apr.  16,1892 
July  1,1888 
Oct.  7,1904 
Dec.  1,1880 
May  16,1892 
Apr.  1,1880 
Bept.  1,1904 
Aug.  26,1900 
Sept.  16,1909 
July  1,1881 
Dec.  1,1894 
Feb.  10,1871 
Aug.  20,1905 


Feb.  21,1908 
Sept.  11,1871 
May  3,1899 
Apr.  21,1873 
July  16,1871 
Nov.  1,1870 
Jan.  20,1871 
Oct.  15,1872 
Aug.    1,1801 


May 
Nov. 
Oct. 
Oct. 
Aug. 


1,1910 
1,1907 
1,1900 
1,1872 
.-„.  8,1894 
Apr.  21,1873 
July  1,1877 
Sept.  11,1871 
Sept.  12,1912 
May  24,1871 
Apr.  8,1899 
8n>t.  16,1904 
Nov.  10,1904 
May  11,1871 
May  1,1908 
Mar.  11,1911 
Feb.  28,1871 
Sept.  ],18R9 
June  3,1911 
Oct.  1,1891 
Nov.  1,1870 
Nov.  6, 1890 
Aug.  11,10C8 
Nov.  7,1870 
Jan.  1,1901 
Nov.  9,1870 
Jan.  81,1881 
Sept.  2,1898 
Nov.  1,1904 
Deo.  11,1912 
Oct.  18,1886 
Apr.  1,1882 
Nov.  1,1870 
Deo.  10,1872 
Nov.    1,1870 

Do. 
Dec     1,1906 


Digitized  by  VjOOQIC 


776       PBOGEEDIKGS  SECOND  PAN  AMEBICAK  SCIENXIFIC  CONGBESSw 
Table  \.— Latitude,  longitude,  elevation,  etc.,  of  Weather  Bureau  Statiom—Conthiv^. 


stations. 


Norfolk.  P  T  W  H  S  M 

Northfield.PTWRSM 

North  Head,  PTWRS 

North  I'latle,  P  T  W  E  S. 

North  Vakima 

Oklahoma  I  Uv.PTWRSM... 

Omaha,  PT^RSM 

Oswego,  PTWS 

Falesi  ine,  PTWES 

Parkersburg,  P  T  W  R  S  M 

Pasadena 

Paso  Rohles 

Pensacola,  PTWRSH 

Peoria,  PT  WRS  H 

Philadelph  la,  P  T  W  R  S  M 

Phoenix.PTWRSM 

Pierre,  P  T  W  R  8 

PlttsbiirRh,  P  T  W  R  S  M 

Pocatcllo,  PTWRS 

Point  Reves  Light,  P  W  R  S  . . . 

Port  Crescent,  PTWRS 

Port  TT  iiron ,  P  T  W  R  S 

Portland,  Mo,PT  WRS 

Port  land.  Oref:.,  P  T  W  R  S  M. . . 

Providence,  PT  WRS 

Pueblo,  P  T  W  R  S  M 

Raleigh,  PTWRS  M 

Rapid  (  Uv,  PTWRS 

Reading,  t  T  W  R  S 

Red  IMnfT,  PTWRS 

Red  lands 

Reno,  PT  WRSM 

Richmond,  PTWRSM 

Riverside 

Rochester,  PT  WRS 

Rosebnrg,  PT  WRS 

Roswell,  PTWRS 

Snoramenlo,  PTWRSM 

Baginaw,  p  T  W  R  S  V 

8t.  Joseph.  PTWRS 

Bt.Loids.PTWRSM 

St.  Paul,  FT  WRSM 

Salt  Lake ritv.  P  T  W  R  8  M. . .. 

San  Antonio,  FT  WRS 

Ban  Bernardino 

San  Diego,  PTWRSM 

Sand  Key,  FT  WRS 

Banduskv,  F  T  W  R  S 

Sandy  Hook,  F  T  W  R  8 

San  FrancIscOtPT WR8M.... 

San  Jose,  P  T  w  R  8 

San  Juan,  PTWRS 

San  Ltils  Obispo,  PTWRS 

Santa  Darbara 

Santa  Fe,  F  T  W  R  8 

Bault  Ste.  Marie.  PTWRSM. 

Savannah  JPT  WRSM 

Scranton.  P  T  W  R  8  M 

Seattle,  F  T  W  R  8  M 

Sheridan,  P  T  W  R  8 

Shreveport,  PTWRS 

SIoiixCity.FTWRSM 

Siskiyou 

Bltka 

Spokane,  P  T  W  R  8  M 

Springfleld,  111.,  PTWRSM 

Springfield,  Mo.,  F  T  W  R  8  M  .. 

Summit 

Syracuse,  P  T  W  R  S  M 

Tacoma,  PTWRS  M 

Tampa,  PTWRS 


Tatl- 
tudo. 


Longi- 
tude. 


76  17 

72  41 

124  CM 

J  00  45 

120  34 

07  as 

95  56 

76  35 

95  40 

81  36 

118  10 

120  41 


87 


112  00 

22  I  100  21 

32   80  02 

52  112  29 

122  61 

123  41 
82  26 

0 


15 

122  41 

71  23 

104  36 

78  37 

103  12 
75  £8 

122  15 
117  12 

119  49 
77  27 

117  22 

77  42 

123  20 

104  27 

121  30 

83  57 
94  61 
90  12 
93  03 

111  64 

08  28 

117  18 

117  10 

81  62 

82  40 

74  01 

122  20 

121  64 
66  07 

120  39 

119  42 

105  67 

84  21 

81  05 

75  42 

122  20 

106  67 
93  40 
96  24 

122  39 

135  20 

117  25 

89  39 

93  18 

120  20 

76  10 
122  23 

82  27 


Local 
meridian 

time 

faster  or 

.slower 

than  75th 

meridian. 


OSS. 

09  F. 
3  16  S. 
1  43  S. 
3  02S. 
1  30  S. 
1    24  S. 

00  S. 

1  23  3. 
26  3. 

2  53  8. 

3  03  3. 
49  3. 
S8  3. 
013. 

2    28  3. 

1  41  S. 
20  8. 

2  30  3. 

3  US. 
3    15  3. 

30  3. 

19  F. 
3    lis. 

14  F. 
1    58  3. 

14  3. 

1  53  3. 
(MS. 

3    09  3. 

2  49  8. 
2    69  8. 

10  3. 

2  49  3. 
113. 

3  13  3. 
1  68  3. 
3    06S. 

36  8. 
19  3. 
01  S. 

12  8. 
28  S. 
34  S. 
49  S. 

49  8. 
28  S. 
818. 
04  F. 
10  S. 
08& 
86  F, 

03  S. 
69  S. 

04  S. 

37  8. 
24  8. 
03  8. 

3  09  8. 
2 

1  15  8. 
1    26  8. 

118. 

018. 

50  8. 
59  8. 

13  8. 
018. 
058. 

3  10  8. 
30  8. 


Elevation  Doc,  31, 
1914. 
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37  ,  54 

3  I  18 

4  53 
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75  117 
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211    251 

72  88 
94  110 
43  ;  58 

73  98 
40     56 


67     81 
3     52 


Jan. 

1,1871 

Mar. 

1.18S7 

Aug- 

l,19i3 

Sept. 

18.1S74 

A^ar. 

1.19Q0 

Nov. 

1.1S90 

Nov. 

1.1S70 

Do.' 

Dec- 

3,1881 

July 

1,ISSS 

Dec. 

i.iacs 

July 

i,i«]i 

Oct. 

27.  IS79 

Feb. 

1,19(€ 

Jan. 

1.1S71 

AUR. 

6,11^ 

July 

1,1^1 

Nov. 

1,1S70 

July 

1,18» 

Mar. 

1,1S3 

Oct. 

1,1998 

July 

25,1874 

Jan. 

i5,lSTl 

Nov. 

1,1 8TD 

Oct. 

22,1904 

July 

l.ISSS 

Apr. 

I,1S84 

Jm. 

24, 18SI 

Dee. 

1.1912 

July 

1.1577 

Dec. 

1,19C« 

Nov. 

11,1905 

Oct. 

5,1887 

77    102 
4  :  57 

m   85 
\m  117 

4.i  ,  82 
3  !  49 


265  ?rF  -ns 


196  |236 
141  180 
102   132 


Feb.  lO.lQfS 
I  Nov.  1,1870 
]  July  15,1877 
i  Dec.  20,1904 
i  July     1,1877 

Oct;  10,1913 
1  Apr.  25,1910 

Nov.     I.ISU 


r5  113 

104  120 
71     96 


Nov. 
Mar. 
Jan. 
Dec 
Nov. 
June 

AUR. 

Nov. 
Feb. 


1,18:« 
19.1874 
2,1871 
1,1908 
1.1871 
1,1908 
2,1877 
1.1914 
2ASn 


8€pt.28,l90S 
Nov.  1,1888 
June  1.188S 
June  15,1011 
Nov.  20,l8n 
Aug.  5,1877 
Jan.  1,1871 
Aug.  17,1900 
May  1,18»S 
Apr.  29,1907 
Sept.  3,1871 
Dec.  1,1887 
Sept.  1,16(8 
Mar.  26,1881 
Feb.  1,1881 
July  1,187» 
June  3,188S 
Nov.  16,1908 
Aug.  22,1902 
May  I  1807 
Mar.  13.1890 
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Tablb  I,— Latitude,  IwigUvde,  etevation,  etc,,  of  Weather  Bureau  5tefion«— CJontinued. 


Stations. 


Tanana 

Tatoosh  Island,  P  T  W  B  8 

Taylor,  P  T  W  B  8 II 

Terre  llaute,  P  T  W  B  8  ll..- 
ThomasviUe,PTWB8 

Titusville 

Toledo,  PT  was 

Tonopah,  P  T  W  B  8 , 

Topeka,  P  T  W  B  8 

Trenitoii,PTWB81l 

Tucson 

Valdet 

ValentiDfi,  P  T  W  B  S 

Vick8borg,PTWB81l 

Walla  \?alla,  P  T  WBBlf... 
Washington  (rity)  P  T  W  B  8 

Wichita,  PTWB8 II 

Wmiston,  P  T  W  B  8 

Wilmington,  P  T  W  B  8  If 

Wlnnemnoea,  P  W  B  8 

Wythevnie.PTWB8 

Yankton.  PTWR8 

Yellowstone  Park,  P T  W B  8. . . 
Yuma,  PT  W8 

WEST  INDIAN  STATIONS. 

BarbadosA 
Bridgetown 

Cura^ao.i 
Curacao,  PT 

Jamaka.^ 
Kingston 

Trinidad.i 

Port  of  Spain,  P 

DiminkaA 
Roseau 

Porto  Rico, 

San  Juan,  PT  WB  8 

Santo  Domingo.^ 

Santo  Pomlngo 

Turks  MandJ 

Grand  Turk,  PV 


Lati- 
tude. 


65  12 

48  23 

30  35 

39  29 

30  48 

28  34 

41  40 

38  04 

39  03 

40  14 
32  15 
61  06 

42  50 
32  22 
46  02 
38  54 
37  41 
48  09 
34  14 
40  18 
36  56 
42  £4 
44  £8 
32  45 


13  04 

13  06 

17  58 

10  S5 

15  17 

18  29 
18  28 
21  21 


Longi- 
tude. 


1^2  00 

124  44 

97  20 

87  24 

83  £8 

80  51 
83  34 

117  14 
95  41 
74  45 

110  50 

146  13 

100  32 

90  53 

118  20 
77  03 
97  20 

103  35 

77  57 

117  43 

81  05 
97  28 

110  42 

114  36 


59  87 

68  66 
76  48 

61  80 

61  23 

66  07 

69  53 

71  07 


Local 
meridian 

time 

faster  or 

slower 

than  75th 

meridian. 


Ba- 
rom- 
eter 
above 


h,    m, 
5  08S. 

3  19  8. 

1  29  S. 
50  S. 
36  8. 

23  8. 
34  8. 

2  49  8. 

1  23  8. 
OIF. 

2  23  8. 

4  45  8. 
1  42  8. 

1  04  8. 

2  53  8. 
08  8. 

1  29  8. 

1  54  8. 
12  8. 

2  518. 

24  8. 

1  30  8. 

2  23  8. 
2  38  8. 


1  Q2F. 
34  F. 
07  8. 

54  F. 
54  F. 

86  F. 

20  F. 

16  F. 


Elevation  Doc. 
1914. 
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1,358 
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78 
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57 


eg  > 


Ft, 
3 
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48 
84 

4 

8 
|201  1243 


il 
U 


48 


40 


90 


20 


Observations 
bagan. 


Sept. 

Nov. 

Nov. 

July 

Aug. 

July 

Nov. 

July 

June 

Apr. 

Feb. 

Sept. 

Sept. 

Sept. 

Deo. 

Nov. 

July 

Nov. 

Jan. 

July 

Nov. 

Apr. 

Dec. 

Oct. 


9,1909 

22,1903 

13,1901 

29,1913 

20,1905 

13,1911 

1,1870 

9,1906 

1,1887 

1,1013 

16,1911 

14,1909 

1,1885 

10,1871 

1,1886 

1,1870 

1,1888 

24,1803 

1,1871 

1,1877 

10,1902 

1,1873 

2,1903 

4,1876 


Aug.  15,1808 

Aug.  9.1898 

Aug.  16,1808 

Aug.  7,1898 

Oct.  20,1896 

Nov.  1, 1896 

Do. 

July  1.1900 


>  Uepof ts  received  during  the  hurricane  season.  June  15  to  Nov.  16. 
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Appended  IIL     ^ 

naS^OLOGICAL  WORK. 

At  present  the  seismologlcal  records  obtained  in  the  United  States  are  of 
two  kinds — Instrumental  and  noninstrumental.  Instrumental  records  ore 
obtained  by  the  Weather  Bureau  at  Washington,  D.  C,  and  Northfield,  VL; 
by  tlie  Coast  and  Geodetic  Survey  at  Cheltenham,  Md.,  and  Tucson,  Aria.; 
and  by  private  institutions,  mainly  educational,  at  a  number  of  places  widely 
scattered  over  the  entire  country. 

The  following  table  gives  all,  or  nearly  all,  seismologlcal  observatories  in 
the  United  States  proper,  also  those  in  Alaska,  Hawaii,  Panama  Canal  Zone, 
and  Porto  Rico.  The  records  obtained  at  those  marked  with  an  asterisk  are 
regularly  published  in  the  Monthly  Weather  Review. 

Noninstrumental  records  are  taken  at  all  the  Weather  Bureau's  principal 
stations,  nearly  200  in  number,  and  at  its  over  4,000  cooperative  stationa 
These  records  are  also  regularly  published  in  the  Monthly  Weather  Review. 

The  chief  needs  of  tlie  service  ore:  (a)  To  have  a  few,  perhaps  a  dozra, 
well-selected  stations  equipped  with  the  l)est  available  apparatus  and  maimed 
witli  trained  observers.  (6)  Thousands  of  inexpensive  instruments  capable, 
with  but  little  attention,  of  recording  to  within  a  few  per  cent,  at  least,  the 
maximum  intensity  of  seismic  disturbances.  These  should  be  sufficiently 
numerous,  especially  in  the  more  active  regions,  approximately  to  locate  the 
epicenters,  or  sources  of  disturbance. 

The  prospects  of  securing  the  first  of  these  needs,  namely,  an  adequate 
number  of  well-equipped  and  capably  managed  stations  are  good.  Already 
tlie  number  of  seismic  observatories  in  the  United  States  is  ample,  but  unfor- 
tunately much  improvement  is  needed  in  the  equipments  of  most  of  them. 
This,  however,  should  occasion  no  surprise,  since  seismographs  are  not  yet 
standardized,  and  since  the  best  instruments  are  rather  expensive. 

The  prospects  of  soon  satisfying  the  second  need — that  of  a  large  number 
of  efficient  but  inexpensive  instruments  capable  of  closely  recording  the  maxi- 
mum intensity — unfortunately  are  not  good.  It  is  a  need  that  so  far  has 
completely  baffled  the  ingenuity  of  the  mechanician,  and  there  is  no  assurance 
of  his  early  success.  Progress  in  this,  as  in  so  many  other  things,  awaits  the 
designer  of  apparatus. 

List  of  aeismoloffical  ohBervatariea  in  the  United  States. 


Place. 

InsUtutlon. 

Instrumental  equlpowiit. 

Albany.  N.  Y 

New  York  State  Museum 

2  Bosdi-Omori. 

Ann  Arbor.  Mich 

University  of  Michigan 

Wiecbert  and  2  Boncb-OmorL 

Baltimore.  Md 

Johns  Hopkins  University 

Milne  and  Boech-OmorL 

Bath,  Me 

Pri>-ate 

Omori. 

Berkeley.  Cal 

Boston,  Mass 

University  of  Oftllfomia 

Massachusetts    InsUtute    of    Tech- 
nology. 
Canisius  Collece 

Wiechert  and  Boadi-OiiiflrL 
2  Bosdi-OmOTl. 

^Buffalo.  N  Y 

Wiechert. 

^Cambridge,  Mass 

Harvard  University 

United   States  Coast  and   GeodeUo 

Survey. 
Lovola  University 

2  Bosch-Omori. 

Da 

Chicago,  ni 

wiechert 

Cieveiarid,  Ohio. 

St.  Ignatius  College 

Da 

Danville,  III 

•Denver,  Colo. 

Sacred  Heart  College 

Wiechert. 

Ithaca,  N.  Y 

Cornell  University 

Botfch-Omori. 

•Lawrence,  Kans 

Uni\-ersity  of  Kansas 

Wiediert 

Los  Oatos,  Cal 

Private..'.    

Sffl^S?^ 

Mare  Island,  Cal 

United  States  Naval  Observatory 

Mills  Collem 

Mills  College,  Cal 

^'^3^"""^ 

Milwaukee,  Wis 

MarquetteUniversity 

Mobile,  Ala 

Spring  Hill  College... 

Da 

Mount  Hamilton,  Cal 

Lick  Observatory,  University  of  Cali- 
fornia. 

Da 
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PlMe. 


*New  Haven,  Conn. . . . . 

New  Orleans,  La , 

NewYork,  N.  Y 

•New  York,  N.Y 

NewYork,  N.Y 

•Northfleld,  Vt 

♦Oakland,  Cal 

Prfnoeton,  N.  J 

•Point  Loma,  Cal 

Keno,  Nev , 

•St.  Louis,  Mo 

St.  Marys,  Kans 

•Salt  Lake  City,  Utah.. 
•San  Jose.  Cal 

Santa  Clara,  Cal 

Seattle,  Wash 

Spokane,  Wash 

Swarthmore,  Pa 

•Tucson,  ArU 


Institution. 


•WasWngton,  D.  C. 
Do 


Worcester,  Mass. 
•Sitka,  Alaska.... 


•Balboa    Heights,    Panama 

Canal  Zone. 
•Vieques,  P.  R 


•Honolulu,  Hawaii. 


Yale  University. 

Loyola  Collef^ 

NewYork  Academy  of  Sciences 

Fordham  University 

Jesuit  Collef^,  Brooklyn 

United  States  Weather  Bureau 

Chabot  Observatory,  Public  Schools. . 

Princeton  Uni\'ersity 

Raja  Yoga  Academv 

University  of  Nevada 

St.  Louis  University 

St.  Mary's  College 

University  of  Ufiih 

University  of  the  Pacific 

University  of  Santa  Clara 

Universltv  of  Washington 

Gonzaga  College 

Swarthmore  College 

United  States  Coast  and  Geodetic 
Siwvev. 

United  States  Weather  Bureau 

Georgetown  University 


Holy  Cross  Coll 
United   States 

Survey. 
Isthmian  Canal  Commission, 


Instrumental  equipment. 


it  and   Geodetic 


United  States  Coast  and   Geodetic 

Survey. 
do 


Bosch-Omori. 
Wlechert 
BCainka. 
Wiechert 

Do. 
2  Bosch-Omdri. 
Ewlng  Duplex. 

West  Selsmosoopt. 
Ewlng  Duplex. 
Wiechert. 

Da 
Bosch-Omori. 
Ewhig  Duplex. 
Wiechert. 
Bosch-OmorL 
Wiechert. 
Mlhie. 
Bosch-Omorl. 

Marvin. 

Wiechert     Bosdi-Omori,     and 


Wiechert. 
Bosch-Omori 

Da 

Da 

Da 


Observatories  marked  •  furnish  reports  for  the  Monthly  Weather  Review.  In  addition  to  the  reports 
furnished  by  these  Instrumentally  equipped  stations,  noninstrumental  reports  are  received  from  the  nearly 
aOO  regular  Weather  Bureau  stations  and  some  4,000  cooperative  stations  of  the  Weather  Bureau. 

The  Chairman.  The  following  papers  will  be  presented  and  read 
by  title  at  this  final  session  of  Subsection  B  of  Section  11 :  "  Sintesis 
general  de  los  resnltados  obtenidos  desde  su  fundaci6n  (auo  1900) 
y  en  sus  distintas  secciones  y  servicios  en  El  Instituto  Nacional  Fisico 
Climatol6gico  de  Montevideo,"  by  Luis  Morandi ;  "  Forecasts  of  river 
stages  and  floods  in  the  Ohio  Valley ;  their  importance  to  commerce 
and  in  conserving  life  and  proi>erty,''  by  W,  C.  Devereaux;  "Tesis 
sobre  Meteorologia  Agrfcola,"  by  Luis  G.  Tufifio. 


StNTESIS  GENERAL  DE  LOS  RESULTADOS  OBTENIDOS  DESDE 
SU  FUNDACI6N  Y  EN  SUS  DISTINTOS  SECCIONES  Y  SERVICIOS 
EN  EL  INSTITUTO  NACIONAL  FISICO-CLIMATOLOGICO  DEL 
URUGUAY. 

Por  LUIS   MORANDI, 

Director  del  Instituto. 

INTBODUCC16N. 

El  conoclmiento  de  las  condlclones  c11inatol6glcas  del  Umguay  y,  en  par- 
ticular, de  la  zona  de  la  capital,  se  basa  hoy  en  serios  fundamentos  clentCflcos 
ya  por  los  metodos  de  observacIOn,  rlgurosamente  encuadrados  en  las  dlsposi- 
ciones  adoptadas  por  Congresos  Internacionales,  asf  como  por  su  amplitud  y 
perfodo  de  tiempo  que  abarca,  que  permite  la  determlnaciOn  de  normales. 
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Sin  pretenslones  de  hacer  una  resefia  cr(tlco-hist6rlca  de  los  elementos  locales 
de  observacl6n  cllmatol6glca  escalonaiios  Irregularmente  a  lo  largo  de  un  siglo, 
estd  fuera  de  toda  duda  que,  de  las  observadones  conocldas  per  nosotros,  las 
perteneclentes  a  Larrafiaga  (anotaclones  sin  Instrumentos :  primer  terclo  d^ 
slglo  XIX),  al  Doctor  E.  Saurel  y  a  De  Moussy  (medlados  del  siglo  XIX).  al 
Dr.'S.  Ulvas  (en  Mercedes,  tlltlmo  terclo  del  siglo  XIX),  a  mds  de  ser  muy  in- 
completos,  ofrecen  dudas  e  Irregularidades  de  distlnta  indole  y  nos  dejan  en 
la  absoluta  ignorancia  con  respecto  a  los  aparatos  empleados,  a  su  control,  a 
Bu  instalaciOn,  etc. 

£1  problema  varlas  veces  discutldo  de  si  sufri6  modificadones  el  dlma  del 
Uruguay  desde  la  ^poca  colonial,  deberfa  estar  fundamentado  en  la  compara* 
cI6n  de  ob8er\aclone8  mds  que  en  la  tradici6n  hablada  o  escrlta,  falaz  de  suyo. 
Habra  que  proceder  con  mucha  cautela  en  el  uso  de  los  datos  mencionados 
cuando  se  pretenda  establecer  paralelos,  sin  que  por  esto  dejemos  de  reconoca- 
su  relativa  Importanda  y  la  utilidad  que  pueden  prestar  en  clertas  investiga- 
ciones. 

Las  primeras  observadones  merecedoras  de  fe,  homogeneas  en  toda  su  dura- 
ci6n,  atendidas  con  verdadera  prolljldad  y  llevadas  sin  lagunns  ni  interpo- 
laciones,  son  las  perteneclentes  al  Obserratorio  del  Coleglo  Pfo  de  Villa  Coldn, 
fundado  en  1882  por  el  P.  Dr.  Luis  Lasagna  y  que  durante  unos  15  afios  tuvo 
a  su  cargo  el  autor  de  esta  memorla. 

Las  siguen  las  perteneclentes  a  la  Socledad  Meteorol6gica  Uruguaya,  relativas 
a  Monteviedeo  y  algunas  localidndes  del  interior ;  las  de  la  Sodedad  Ciendas  y 
Artes  y  las  del  Servlcio  Pluvlom^trico  Nadonal  que  fundara  el  ilustrado  mete- 
orologista  A.  Gomez  Run  no  y  que  mds  tarde  fu4  incorporado  al  Instituto 
Kadonal  Ffsico-ClimatoI6gico. 

De  las  dos  Instituclones,  complementarla  una  de  otra,  que  se  crearon  por  ley 
de  Julio  de  1005  con  los  nombres  de  Instituto  para  la  PrevlsI6n  del  Tlempo  la 
primera  (denominada  luego  Instituto  Meteoroidgico  Nadonal)  y  la  segunda 
Instituto  Nacloual  Ffslco-Cllmatol6glco,  tuvo  esta  illtima  su  verdadero  origen  en 
1900,  bajo  el  nombre  de  Obsen*atorio  Municipal  del  Prado  por  deberse  su 
Inicintiva  al  munldpio  de  Montevideo.  De  esa  epoca  arrancan  las  observadones 
que  sirven  de  fundnraento  a  la  presente  memoria. 

En  esta,  que  es  nuestro  prop68ito  slntetice  la  acd6n  del  Instituto  a  nuestro 
cargo  en  sus  15  alios  de  existencia,  no  estarft  de  mds  un  rdpido  bosquejo  hlstdrico 
del  mismo,  deslindnndo  asf  con  t<xla  la  claridad  posible,  sobre  todo  para  el 
extranjero,  la  existencia,  mision  y  responsabilidades  de  las  dos  ofidnas  slmilares 
que  fundonan  en  este  pais. 

El  Observatorlo  Uamado  del  Prado  (hoy  Central  del  Instituto  Nadonal 
Ffslco-Climatologico),  denominado  asf  por  limitar  al  oeste  con  los  jardines  de 
nuestro  principal  y  mds  liermoso  paseo  pdblico,  fue  fundado  en  1900  por  la 
municipalidnd  de  Montevideo,  utilizdndose  pnrn  su  instnlad6n  un  ediiicio  de 
propledad  de  la  raisma. 

Concebida  la  Idea  de  su  fundadOn  por  el  sefior  Alberto  G6mez  Ruano,  por 
drcunstaucias  especiales  ya  estaba  a  punto  de  abnndonarse  despui^  de  haberse 
Invertido  considerables  suraas  en  las  reformas  de  adaptaci6n  del  antiguo  y 
amplio  ediflcio  mendonado,  cuando  en  Julio  de  1899  el  Profesor  Luis  Morandl, 
Director  del  Observatorlo  del  Colegio  Pfo  de  Villa  Co\6n  desde  1886  hasta  esa 
fecha,  inld6  gestlones  para  que  se  insistlcra  en  los  propositos  primltivos.  El 
6xito  coron6  sus  esfuerzos;  aceptdronse  sus  servlcios  para  la  organizaciun  drf 
Observatorlo  y  el  19  de  marzo  de  1900  se  le  hlzo  entrega  oflcial  del  establed- 
mien  to  y  terrenes  anexos. 

El  resto  de  ese  afio  f  u6  empleado  en  la  adqulslcl6n,  instalad6n  y  estudlo  de  los 
uparatoH,  en  euya  tarea  hubo  que  veneer  no  pocas  dlficultades  debldas  especial- 
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Altura  aobre  el  nivel  medio  del  mar. — ^La  altura  de  la  cubeta  del  bar^metro 
8obre  el  nivel  del  mar  se  fiJ6  en  1900  por  varlas  series  de  observaciones  banh 
m^tricas  simultdneas  entre  la  Capltanfa  del  Puerto,  Playa  Capurro  y  ^  observa- 
torio.  Las  observaciones  se  practlcaron  de  5  en  5  minutos  durante  media  hon. 
en  cada  serie,  con  el  siguiente  resuitado  medio:  Altura  de  la  cubeta  del  bar6- 
metro,  colocado  en  el  saldn  del  primer  piso :  m.  29.34.  Las  observadones  baro- 
m^tricas  correlacionadas  con  esta  altura,  llegan  hasta  abrll  de  1913.  A  partir 
del  24  de  este  mes  y  por  exlgencias  de  mejor  servicio,  los  bar6metro8  y  bar6- 
grafos  fueron  colocados  en  el  snI6n  ba jo  de  entrada,  quedando  su  altura  reducida 
a  m.  24.32.  En  las  tablas  donde  se  resumen  los  valores  del  perfodo  1901-19H 
los  posteriores  a  la  fecha  Indlcada  fueron  reducldos  a  la  altura  primltlva 
mediante  la  correccIOn  de— 0.5  mm. 

Local, — Los  Edlflcios  destlnados  a  los  distintos  serricios  constan  de  un 
conjunto  de  20  piezas,  de  las  que  17  son  ocupadas  por  oficinas.  Se  destacan  por 
su  amplitud  el  sal6n  de  Inst  rumen  tos  a  donde  convergen  las  Itneas  de  los  r^s- 
tradores  elC*ctricos,  y  la  Biblioteca-Archivo,  cuya  reciente  reorgaaixaciOn  7 
ampliaci6n  pone  al  servicio  de  los  estudlosos  y  del  piiblico  en  general,  una 
interesante  colecci6n  de  obras  y  publicaciones  relativas  a  la  meteorologla  7 
geoffsica,  asf  como  las  observaciones  de  todos  los  servidos  de  la  institucidn. 

Perionah — Sin  mencionar  a  los  encargados  de  las  Estaclones  Meteoroldgicas 
y  Pluviom^tricas,  la  Oficina  Central  es  atendida  por  un  director,  un  subdirectory 
un  secretario,  tres  auxiliares  y  una  encargada  del  Archivo  Pluviom^trico. 

A  cargo  de  este  personal  estdn  las  observaciones  de  la  Oficina  Central,  ^ 
cdlculo  y  publicaci6n  de  ihstas  y  de  las  recibidas  de  las  estaciones  de  campaila; 
el  archivo,  transcripciones  y  cdlculos  de  los  boletines  decddlcos  y  mensuales  de 
las  350  Estaciones  Pluviom^tricas ;  reducci6n  y  cdlculo  de  los  grdficos  7 
observaciones  directas  de  las  18  Estaciones  Termo-Pluviogrdflcas ;  idem  de  las 
Estaciones  Climatol6gicas  de  direccl6n  honoraria. 

En  la  correspondencia  con  el  personal  de  los  distintos  servicios  y  con  las 
instituclones  similares,  trat&ndose  de  informes  y  pedidos  de  datos,  comunlca* 
clones  a  la  prensa,  administraci6n,  etc.,  iutervlenen  directamente  los  directores. 

Actualraente  el  Instituto  es  servido  por  un  presupuesto  de  $16,526  oro  uru- 
guayo.  Un  proyecto  de  reorganizaci6n  del  Instituto  bajo  la  forma  seccionai; 
con  Jefes  responsables,  que  fue  elevado  oportunamente  al  mlnisterio  y  que 
estd  en  vfas  de  ser  Uevado  a  efecto,  aumentarA  el  personal  a  12  empleados,  con 
un  presupuesto  total  de  $22,000. 

Observaciones. — Las  ordinarias  que  se  practlcan  en  la  Oficina  Central  se  re- 
fieren  a  los  ^iguientes  elementos :  Presi6n  atmosfdrica ;  temperatura  del  aire  al 
abrigo  (casilla  meteorol6gica) ;  temperatura  del  aire  a  la  intemperie  (sobre 
c^sped) ;  temperatura  del  subsuelo  hasta  velnte  metros  de  profundidad ;  tempera- 
tura de  las  aguas  del  pozo  manantial ;  temperatura  de  las  aguas  de  los  agaa- 
ceros;  humedad  atmosf^rica  (absoluta  y  relatlva) ;  direcci6n  y  velocidad  del 
viento  inferior ;  velocidad  de  las  corrlentes  ascendentes  y  descendentes  (anem^ 
metro  Richard) ;  cantidad  y  duraci6n  de  la  lluvia ;  evaporacl6n  a  la  sombra,  a  la 
intemperie  y  en  tlerra  de  cultlvo;  fenCmenos  varlos  (granlzo,  cerraz6n,  rocfo. 
helada,  manifestaciones  el^tricas,  nebulosidad) ;  nivel  de  la  napa  de  agua  del 
manantial;  sism6grafo  Alfani;  i5ism6grafo  Vicentini. 

Se  practlcan  ademfts  observaciones  alsladas  de  temperatura  en  distintas  cod- 
dlciones  de  instalacl6n  en  dfas  seQalados  por  ondas  notables  de  calor  o  de 
frfo;  observaciones  de  la  presi6n  durante  notables  agltaclones  atmosf^ricas  0 
fuertes  aguaceros  (estat6metro) ;  observaciones  directas,  breves,  de  lluvia  0 
de  velocidad  del  viento  cuando  se  consldera  que  pueden  ofrecer  valores  Intere- 
santes. 
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Elevaci6D  de  cometas  meteorol^gicas. 

Lanzamientos  de  globos  pilotos  y  (en  reduddos  proporciones  hasta  ahora, 
por  multiples  circunstanclas)  de  globos  sondas. 

Siempre  que  se  ofrece  la  oportualdad,  determlnaci^n  del  m6dalo  de  elasticidad 
de  las  rocas  por  el  m^todo  del  Dr.  Oddone. 

De  esa  serie  de  observaciones  se  obtlenen  valores  horarios  por  reglstradores 
autom&tlcos  de:  PresK^n  barom^trica  (bar6metro  Richard);  tempera tura  del 
aire  al  abrlgo  (terin6grafo  Richard) ;  humedad  relatlva  (higr6metro  Richard 
y  Fuess) ;  dlrecci6n  del  \iento  (anerodmetro  Richard,  Kegrettl  Zaiubra  y 
Denza) ;  velocidad  del  Tien  to  (anem6metro  Richard,  Negretti  y  Zambra,  Dcnza) ; 
ceraun6grafo  (Fuess  y  Alfani) ;  lluvla:  cantldad,  duraci6n  y  dlstribucl6n  (plu- 
vl6grafo  Hellmann-Fuess). 

ReduccUfn  dc  loa  grdficoa. — ^Los  valores  horarios  se  deducen  de  los  reglstra- 
dores, corrlgiendo  los  dlagramas  por  medio  de  observaciones  directas.  Nuestro 
procedimlento  es  sustitutlvo  del  que  impone  una  correcciun  Anica  constante 
o  correcclones  intergraduales  determlnadas  de  tarde  en  tarde:  procedimientos 
sujetos  a  multiples  errores  por  las  varlaciones  contfnuas  a  que  estdn  ex- 
puestos  los  mejores  aparatos,  sobre  todo  por  las  inerclas  instrumentales  despu^ 
de  perslstir  durante  algtin  tiempo  valores  muy  altos  o  muy  bajos. 

Exige,  es  cierto,  una  instalacl6n  muy  esmerada,  observaciones  de  control 
muy  prolijas  y  una  constante  vlgilancia,  pero  el  control  Uevado  con  intervaloa 
mdximos  de  pocas  horas,  da  por  resultado  la  e11mlnacl6n  de  todo  error  sensible. 

El  hedio  de  haberlo  vlsto  adoptado  por  obser>'atorios  europeos,  como  pudimos 
comprobarlo  personalmente  hace  pocos  alios,  nos  conflrma  en  la  bondad  del 
slstema. 

Para  que  se  aprecien  como  es  debido  las  observaciones  horarias,  que  sirven 
de  base  a  numerosos  capftulos  de  esta  memoria«  creemos  convenlente  indicar 
los  detalles  de  la  reduccI6n  de  ios  griiflcos,  especiallzdndonos  con  el  termOgrafa 

El  registrador,  Instalado  en  proximidad  de  un  buen  termOgrafo,  se  vigila 
constantemente :  con  frecuencla  se  efecttian  observaciones  directas  extraordl- 
narias  para  aumentar  las  ordlnarlas  de  control,  que  corresponden  a  las  Th^  14h 
y  21h.  Para  evitar  Interrupclones  o  comparar  ciirvas  durante  marchas  acd- 
dentadas,  o  mds  o  menos  Irregulares,  funciona  slmultdneamente  otro  term6grafo 
de  igual  procedencia  y  proporcl6n. 

Al  ocupnmos  de  las  fajas,  la  prlmera  operaci6n  es  lutersecar  la  curva  con 
una  breve  y  fina  Mnea  vertical  en  el  punto  que  corresponde  exactamente  a  las 
boras  Impares,  pues  en  el  trazado  de  las  fajas  las  divlslones  vertlcales  pro- 
ceden  de  doe  en  dos  horas. 

Esta  operad^n  es  muy  dellcada  e  Importante,  sobre  todo  en  el  term6grafo, 
donde  las  varlaciones  horarias  son  rdpidas.  Se  procede  luego  a  la  lectura  do 
la  faja  en  los  puntos  correspondlentes  a  cada  hora  del  dfa.  Los  valores 
obtenldos  en  primera  lectura  se  cotejan  con  la  faJa  a  la  vista,  trabajo  que 
ordinariamente  no  reallza  el  mismo  empleado  encargado  de  la  primera  lectura. 
Asegurada  asf  la  exactltud  de  la  transcripci6n,  se  copian  debnjo  de  los  valores 
gHlflcos,  los  correspondlentes  a  las  horas  de  obser>'aci6n  directa  (si  se  Imn 
hecho  observaciones  extraordinarias,  tambi^n  se  utillzan)  y  se  determlnan 
las  dlferenclas  reparti^ndolas  equitativamente  entre  las  24  horas. 

La  tolerancla  mAxlma  en  el  adelanto  o  atraso  del  reloj  es  de  10  mlnutos  por 
semana. 

Aparato8,—To6o8  los  que  funclonan  en  el  obscrvatorlo  son  deronsiado  cono- 
cidos  por  los  t^nicos,  para  que  consideremos  necesario  detallarlos.  Diremos 
tan  s61o  que,  para  el  control  termoro^trico,  posee  el  Observatorio  Patrones 
Fuess  y  Baudln,  que  a  su  vez  son  objeto  de  frecuente  vlgllancla. 
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Los  aDem6metros  estdn  inslalados  u  4  metros  sobre  la  azotea  de  la  tone, 
libres  de  toda  influenda  y  dominando  por  completo  edlficios  y  arboledas. 

La  cast  Ha  termoni^trlca,  de  un  modelo  especial,  ideado  por  el  director  y  que 
con  placer  vimos  reproducldo  por  el  serviclo  meteorolOgico  franco  en  sos 
instalaclones  coloniales,  es  nmpUa,  de  gran  circulacion  de  aire,  y  al  mismo 
tiempo  bien  resguardada  contra  los  vientos  impetuosos  y  los  vlolentos  agoaco^ 
frecuentes  en  uuestro  clima.  Se  holla  instalada  sobre  c^sped,  a  mils  de  50 
metros  de  todo  edlflcio. 

Los  geO'term6metro8  son  de  sistema  Dnmont :  Tarillas  de  madera,  introdnddaa 
en  tubos  tambi^  de  madera,  estando  el  dep^sito  del  termdmetro  y  ptCrte  de  la 
escala  alslados  por  una  capa  de  cebo  que  los  deflende  contra  riipidas  variii- 
clones  en  los  momentos  de  la  observaciOn. 

Los  pluvlometros  se  hallan  a  pocas  decenas  de  metros  de  la  ca8illa«  a  L50 
metros  sobre  el  suelo. 

Pabelldn  Siimico, — ^Al  nacionalizarse  el  que  fu4  Observatorlo  Monidpal  del 
Prado  para  convertirse,  segtin  lo  expusimos  mds  atrfis,  en  el  actual  Institato 
Nacional  Ffsico-CIimatol6gico,  proyect6se  una  seccion  mlcrosismogrdfiea  para 
el  estudio  especial  de  los  movimientos  reflejos  del  suelo,  ya  que  el  cardcter 
asfsmico  de  nuestro  terrltorio  exdula  la  necesidad  de  Instalaclones  sismo- 
gr&flcas  generates. 

Para  proceder  a  los  trabajos  respectlvos  y  poder  concretar  todos  los  detalles 
de  la  nueva  seccion,  se  consultaron  reputadas  entldades  de  este  ramo  de  la 
moderna  ffsica  terrestre,  el  Conde  ^lontessus  de  Ballore,  Vlcentini,  Alfaol, 
Agamennone,  etc.,  al  mismo  tiempo  que  requerfamos  de  conoddas  casus  coosr 
trudoras  y  tunicas  informes  sobre  slstemas  de  aparatos. 

Resultado  de  esa  labor  preliminar  fue  la  elecciou  de  los  mlcroslsroiSgrafoi 
Vicentini,  modelo  190G,  en  vii*tud  de  las  notables  condlciones  de  senaibilidad  j 
delicadeza  de  funcionamiento  que  les  dieron  raerecida  nombradla. 

Puesto  al  tanto  de  los  prop<5sItos  perseguidos  por  nosotros,  el  Profeeor 
Vicentini  dispuso  la  construcd6n  de  un  p<^ndulo  horizontal  de  brazo  flexible  de 
acero  con  masa  de  GO  Isilogramos  y  un  p^ndulo  veitical  con  masa  de  75  kilo* 
graraos ;  aqu^l  para  la  componente  vertical  y  d  dltimo  para  las  dos  componentef 
horizontales,  normnles  entre  s(.  , 

Las  palancas  ampliflcadoras  de  ambos  aparatos,  combinadas  con  los  fndicei 
inscriptores  de  vidrio,  dan  al  movimiento  original  una  multiplicad6n  grdfica  que 
puede  alcanzar  a  120  para  la  componente  vertical  y  a  100  para  las  horizontales. 

Por  otra  parte,  las  innovadones  iutroducidas  por  el  autor  en  el  diqiositivo  j 
en  algunos  organismos  de  dichos  reglstradoi-es  a  fin  de  evitar  en  lo  posible  los 
roces,  dieron  a  este  aparato  las  cualidades  mds  apropiadas  para  un  excelente 
funcionamiento. 

Kos  preocupamos  entonoes  de  que  respondlera  en  todo  concepto  al  progroma 
de  estudlos  del  Instituto  la  instalad^n  de  estos  p^ndulos  y  la  de  otro  par  de 
horizontales  sistema  Alfani,  en  los  que,  a  mds  de  cvidentes  mejoras  en  la 
amplificacion  de  las  registradones,  la  anotaciOn  del  tiempo  en  minutos  ae 
obtiene  por  las  mismas  plumas  iuscriptoras  de  los  movimientos  sismicos. 

Previos  algunos  sondajes  del  subsuelo,  realizados  por  el  Departamento  Na* 
clonal  do  Ingenieros,  se  resolvi6  construfr  el  pabell6n  sfsmico  hada  el  fondo  del 
vasto  parque  anexo  al  Instituto,  contiguo  al  Jardfn  Botduico  y  a  180  metros  de 
la  calle.  Se  resolvi6  tambi^n  instalar  los  pilares  de  sustentad6n  de  aparatoi 
en  s6tanos  de  cierta  profundidad  para  mejor  Independizarlos  de  vibradones 
artiflciales. 

La  ausencia  de  roca  en  proximidad  de  la  superflde  del  suelo,  fu^  motivo  de  que 
se  llevora  la  excavad6n  circular,  de  7  metros  de  didmetro,  hnsta  8  metros  de 
profundidad  donde  se  hall6  una  estrata  de  gravas  mu>'  compacta,  sobre  la  cual 
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86  vaci6  un  niaclzo  de  cemento  armado  de  2.50  metros  de  ancho  por  8  de  largo  y 
2  de  alto,  a  modo  de  plataforma  de  la  que  arrancan  los  dos  piiares  de  suspension 
de  los  microsismdgrafos. 

Mlde  el  primer  pilar  3  metros  de  altura  y  2  metros  el  segundo ;  tienen  uno  y 
otro  1  metro  de  lado  y  est&n  orientados  exactamente  a  los  rumbos  cardinalea 

£1  piso  inferior  del  pabell6n  sfsmlco,  o  sea  de  la  sala  de  aparatos,  al  trav^s 
del  cual  emergen  los  dos  pUares  y  el  z<3calo  rectangular,  se  independlz6  en 
absoluto  de  esas  tres  construcdones  al  mlsmo  tlempo  que  la  distancia  existente 
entre  el  macizo  de  sustentaci6n  de  los  slsmOgrafos  y  la  pared  circular  del  edifl- 
cio,  garantizaba  un  buen  aislamiento  contra  la  influencia  de  Tibraciones  artifl- 
dales. 

En  efecto,  se  comprob6  experimentalmente  durante  los  seis  prlmeros  meses 
que  el  aislamiento  de  los  piiares  y  la  profundldad  de  la  dmentaci6n  exdufa  la 
percepd6n  de  las  osdlaciones  superfidales  provenientes  del  trdflco  urbano. 

Los  dos  p6ndulos  horlzontales  de  Alfoni  llevan  una  masa  de  G5  kilogramos. 
El  de  la  componente  este-oeste  realiza  una  oscilacK^n  completa  (Ida  y  retomo) 
en  ia2  segundos;  ei  otro  (norte,  sur)  en  13.1  segundos. 

Ambos  aparatos  funcionaron  basta  el  presente  sin  amortlguadores,  aunque  se 
hideron  por  via  de  ensayo  aplicaciones  de  amortiguador  Hquido  en  el  Vicentini. 
Como  este  punto  no  parece  todavfa  sufidentemente  dlluddado,  nl  estdn  de 
acuerdo  los  sism61ogos  en  la  aplicaci6n  de  un  m^todo  definitivo  los  aparatos  no 
sufrirdn  modiflcaciones  mientras  no  sepnmos  a  cienda  derta  a  que  atenernos  al 
respecto. 

InstalacUmci  acroldgicat. — Dispone  el  Observato^io  de  un  pabell6n  giratorio, 
ubicado  en  el  centro  del  predio  y  puesto  en  movimlento  por  un  pequello  motor 
el^trico  que  al  mismo  tiempo  mueve  los  carretes  de  lanzamlentos  de  cometas. 
Numerosas  elevaciones  fueron  realizadas  en  los  prlmeros  aQos  del  Observatorlo, 
utilizilndose  Cometas  Hargrave  y  rusas  bemidlfndricas,  con  resultados  que 
flguran  en  anuarlos  y  memorias. 

Pero  fu^  necesario  abandonar  este  medio  de  investigaciones  n<5rea8  por  los 
pellgros  que  ofredan  las  numerosas  instalaciones  el^tricas  que  en  los  Ultlmos 
alios  se  multiplicaron  hasta  hacer  materlalmente  imposible  el  empleo  de 
cometas. 

El  lanzamiento  de  globos-sondas  que  se  practiol  y  se  sigue  practicando  to- 
davfa a  largos  intervalos.  con  resultados  medlanos  desde  el  punto  de  vista  de  la 
recuperaci6n  del  material  dentffico,  ofrece  la  doble  dlflcultad  de  la  proximidad 
del  mar  y  la  escasa  densldad  de  poblad6n  del  ipterior,  que  malogran  muchos 
experimentos. 

El  Instltuto  no  se  haU*^  por  el  momento  en  condldones  de  afrontar  a  menudo 
la  p^rdlda  o  deterloro  0%,  :!n  material  costoso,  sin  una  fundada  esperanza 
de  -que  un  porcentaje  remunerador  de  registradores  recuperados  haga  posible 
para  nosotros  ese  sistema  de  investigaciones. 

El  Instituto  hace  gestiones  para  obtener  de  los  poderes  ptlblicos  la  incor- 
porad6n  a  la  ofldna  de  una  estad6n  suplementaria,  que  se  instalarfa  en  un 
punto  sufidentemente  alejado  de  la  Capital  como  para  hacer  factible  la 
in8talaci6n  de  un  servido  aerol6gico  a  la  par  que  de  un  plantel  para  observa- 
dones  de  magnetlsmo  terrestre  y  electricidad  atmosf^rica  y  telUrica,  que  las 
exigendas  cientfflcas  de  una  buena  lnstalaci6n  no  permiten  efectuar  en  la 
Oficina  Central. 

Con  mayor  frecuenda  y  con  mejores  resultados  se  practlcaron  los  lanza- 
mlentos de  globos  pllotos,  es^perimentos  mils  propordonados  con  nuestros  medlos 
y  nuestras  condiciones  de  ublcadOn.  De  los  resultados  obtenldos  hasta  la  fecha 
se  da  cuenta  en  otra  parte  de  esta  MemorlA.   Los  procedlmlentos  son  los  mismos 
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que  viinos  empleados  con  dxlto  en  Trappes  y  Pavfa.  El  fondamento  es  el 
principio  de  Quervain  que  obaervaclones  locales  tambl^n  conflrmaron,  de  que 
la  veiocidad  nscensionnl  de  los  globos  pllotos  no  anfre  alteradOn  aeusitiie 
con  la  altura»  por  lo  menos  mlentraa  no  se  excedan  los  lO/XX)  o  12.000  metroB 
y  cuando  no  se  extreme  la  fuerxa  ascensional. 

El  material  empleado,  despu^  de  varlos  ensayos  con  el  procedente  de  variaa 
fdbricas  enropeas,  nos  lo  provela  la  casa  Pirelli  de  Blil&n,  debiendo  coofeaar 
que  results  excelente  desde  todos  pantos  de  vista. 

La  per8ecuci6n  de  los  globos  se  hace  con  teodolitos  Qnervain  modiflcndos  por 
Salmoizaght 

La  f  uerza  ascensional  se  determina  por  relaci6n  entre  el  peso  del  globo  desin- 
flado  y  su  empuje,  ntilizando  al  efecto  para  mayor  comodidad  tablos  grAflcas 
que  nos  fueron  proporcionadas  por  el  Profesor  Pericles  Gamba,  Director  del 
Observatorio  de  Pavfa. 

Las  dificultades  para  proporcionamos  materiales  y  gas,  debido  a  la  diffcU 
8ituaci6n  actual  de  las  industrias  europeas,  nos  obligaron  a  suspender  tem- 
pornlmente  estos  lanzamientos :  pero,  lieroos  iniciado  gestiones  con  casaa 
americanas  a  fin  de  ponemos  en  condidones  de  reanudarlos  a  la  mayor 
breveilad. 

Scrvicio  pnra  la  prenaa  y  cl  publico — Consultaa  y  publicacianea. — El  Institnto 
publica  mensualmente,  y  desde  1003,  un  Boletfn  que  contiene  in  cxtcnso  la 
mayor  parte  de  sus  obser\'aciones  regulares  y  del  servido  pluviom^trico  y 
que  se  distribuye  entre  los  Instltuciones  simllares  del  pais  y  del  extranjera 
Publica  ademds,  una  sinopsis  meteorol6gica  anual  que  ve  la  luz  en  el  Anuarlc 
Oeneral  de  Estadfstica,  restimenes  mensuales  que  publica  el  Boletfn  de  Esta- 
dfstlca  Munldpal  y,  cuando  las  drcunstandas  asl  lo  exigen,  Memorias  sobre 
temas  especiales. 

Todos  los  dfas  expone  en  parajes  ptiblicos  de  la  Capital  los  boletines  diarloe 
de  los  prlncipales  valores  cUmat^rlcos  con  los  normales  del  mes,  que  fadlltan 
su  interpretaci6n.  Cada  dlez  dfas  sumlnistra  a  la  prensa  y  expone  al  pdbllco 
un  extenso  Boletfn  Pluviom^trico  hecho  sobre  In  base  de  odienta  estadones, 
que  ofrece  tambl^n  una  idea  de  conjunto  de  las  condidones  generales  dd 
estado  de  los  campos,  ganados  y  cultivos. 

Reproducimos  a  contlnuadOn  una  parte  de  uno  de  esos  Boletines  ete>gldo 
al  azar,  para  que  quede  demostrada  su  importanda  y  su  aspedo  prdctlco. 

Inatituto  Nacional  FiaitXhcHmatoldgico — Obacrvatario  Central  Prado  Monte- 
video—8ecci6n:  Servicio  Pluviomctrico—Dolctln  decddico  del  11  al  20  agoato, 
1015. 
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£n  cunuto  a  las  consnltas,  debe  partlrse  del  princlpio  de  que  por  costumbre 
tomada  desde  la  fundacidn  del  Observatorio,  sus  archlvos  y  su  biblioteca  estfiD 
abiertos  de  par  en  par  y  sin  trabas  de  ninguna  especie  a  los  que  tienen  inters . 
en  coDsultarlos,  hasta  disponer  la  Dlrecci6n  en  numerosos  casos  que  alffln 
empleado  coadyuve  en  la  obra  de  consulta  o  estudlo  emprendido  por  vlsitantes. 

Con  todo  empeflo  se  atlenden  tambi^n  los  pedidos  de  datos  que  proceden  del 
Interior  o  del  extranjero,  empefidndose  el  Instituto  en  llevar  el  convencimlento 
a  todos  de  que  su  mejor  deseo  es  que  se  utilice  en  beneficio  de  la  comunidad  la 
paclente  labor  acumulada  en  sus  registros. 

Es  interesante  y  a  veces  muy  curioso  el  ver  las  aplicadones  imprevlstas  que 
de  los  datos  se  liacen  en  toda  clase  de  industrias  e  Investlgaciones,  hasta  en 
asuntos  que  no  parecerfan  guardar  con  ellos  relaci6n  de  ninguna  especie. 

El  Servlcio  Pluviom^trico  se  halla  instalado  en  forma  que  podrd  permltlr, 
en  lugar  del  Decddico,  el  diarlo,  apenas  se  resuelvan  riertas  dlflcultades  de 
orden  ajeno  a  nuestra  intervencl6ii.^ 

capItulo  sequndo. 

Servicio  Cliniatoldgico  Nacional, — ^El  Servicio  Glimato16glco  consta  de  esta- 
ciones  de  segundo  orden  con  dotadones  mfts  o  menos  completes  de  instrumentos, 
eegtin  las  clrcunstancias,  la  condici6n  de  las  personas  o  de  la  lnstItucl<Sn  que 
las  toman  honorariamente  a  su  cargo;  y  de  dieciocho  Estaciones  Tenno- 
Pluviogrdficas  Instaladas  en  las  cnpitales  departamentales,  a  cargo  de  ero- 
pleados  muuicipales,  con  modesta  retrlbuci6n.  Entre  las  prlmeras  descuella  por 
BU  importancia  y  la  competencia  de  las  personas  que  las  dirigen  la  de  Bafiado 
de  Medina  (Estaclon  Agron6mIca  Nacional),  Estanzuela  (Idem,  idem  en  el 
Depart,  de  la  Colonia),  Mercedes  (Estancia  Cavlglia)  a  cargo  del  Ingenlero 
Agr6nomo  Brenno  Benedetti. 

De  su  dlstribuci6n  da  idea  el  pequefio  raapa  adjunto. 

Las  estaciones  del  segundo  grupo  fueron  creadas  por  motives  y  con  pro- 
pdsitos  especiales.  Dada  la  diflcultad  de  encontrar  personas  que,  con  la  deblda 
constancia  y  competencia,  se  hicieran  cargo  de  una  Estacion  completa,  aceptando 
horarios  de  observaci6n  siempre  algo  molestos  para  el  Observador,  se  pens6 
en  dotar  las  Intendencias  de  Campafia  de  aparatos  de  registracidn  hebdo- 
madaria  de  la  tempera tura  y  de  la  lluvia,  los  dos  elementos  fundamentales  de 
la  climatologfa.  Observaciones  y  mediciones  directas  practicadas,  slendo 
posible,  una  vez  por  dfa  o  por  lo  menos  con  la  mayor  frecuencia,  permiten 
apHcar  a  los  lesultados  grdficos  las  correcciones  necesarias  para  deducir  loe 
extremes  y  los  promedios  en  una  forma  andloga  a  la  empleada  para  los  grdflcos 
del  Observatorio  Central,  quedando  en  archlvos  un  material  Importante  de 
consulta  para  ulteriores  estudios. 

Damos  a  continuaci6n  la  posici6n  geogrdfica  de  las  estaciones  cUmatoldglcos 
y  su  altura  aproximada  sobre  el  nivel  del  mar. 
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» Desde  fines  de  1916  funciona  regularmente  el  Servicio  Pluvio-Telegr6ftco  diarlo  con 
obeenraeiones  proceden  tea  de  150  estaclonea. 
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CAPITUIjO  tebcebo. 

Servicio  Pluviom^trico, — Gonsta  actualmente  de  350  estadones.  So  dlstrflw- 
ci6n  en  el  pals  no  es,  en  realidad,  todo  lo  homog^nea  que  fuera  deseable :  ae  dan 
casos  de  estaclones  ubicadas  a  breve  distancla  una  de  otra  y  de  zonas  de  im- 
portanda  sin  estaclones.  Pero,  mlentras  reconocemos  estos  defectoe  y  dob 
esforzamos  por  correglrlos,  resulta  diffcil  encontrar  medlos  prdcticos  para 
obtenerlo.  Se  tropleza  con  dlflcultades  de  distlnto  orden  como  tambito  resulta 
diffcil,  a  pesar  de  nuestra  vigilancla  e  inslstencia,  el  obtener  la  oonstanda  en  Ui 
prosecucl6n  de  las  observaciones. 

£i  mapa  adjunto  da  idea  de  su  dlstribuci6n  en  todo  el  pals,  salvo  iwra  el 
Departamento  de  Montevideo,  donde  las  estadones  son  m&s  nunierosas  de  las 
que  figuran  en  el  mapa,  en  parte  para  fines  dlddctlcos. 

El  tipo  de  pIuvi6metro  adoptado  es  el  reglamentarlo  en  meteorologla,  segAa 
las  dlsposiciones  de  los  Congresos.  La  Casa  Oh.  NOE,  de  Paris,  nos  provee  de 
aros  met&licos  que  enderran  una  superficie  de  cuatro  decfmetros  cuadrados  y  de 
las  probetas  o  vasos  medidores,  de  vidrio.  El  dep6sito  del  pluvl6metro  es  de 
construcd6n  local.  Su  colocaci6n  se  conf  fa,  en  general,  a  empleados  del  Observa- 
torio  que  tienen  normas  predsas  para  escoger  lugar  aparente,  dejar  bleo 
nivelado  el  aparato  y  dar  las  necesarlns  instrucdones  para  la  buena  observadto 
del  mismo. 

liOS  pluvl6meti*os  son  insi>ecdonados  por  lo  meuos  una  vez  por  alio. 

Es  Importante  hacer  constar  (para  la  mejor  interpretad6n  de  las  observa- 
ciones, de  las  que  nos  ocupnmos  mAs  adelante),  de  que  la  observacWn  del 
pluvi6metro  se  pradica  a  las  7h-8h  de  la  mafiana,  atrlbuyendo  al  dfa  anterior 
d  total  de  agua  recoglda  en  dicha  hora. 

Los  Boletines  Mensuales  de  Lluvia  son  remltidos  al  Observatorlo  Central 
donde,  como  ya  se  dijo,  son  calculados,  transcriptos  a  un  reglstro  general  para 
luego  ser  publicados  en  resumeu  en  el  Boletfn  Mensual  del  Instituto. 

De  estas  Estadones  Pluviom^tricas,  160  se  hallan  Instaladas  en  las  comisarfas 
del  Interior,  a  cargo  de  los  escriblentes  de  dichas  dependeucias  policiales,  quienes 
deben  realizar  las  observaciones  correspondieutes  y  trasmitlrlas  en  fechas  regla- 
nientarias  a  las  jefaturas  respectivas  para  ser  desde  allf  pasadas  a  la  Oficlna 
CJentraL  Didios  fuudonarios-observadores  perciben,  de  acuerdo  con  la  Ley  de 
(Tead6n  de  ese  servicio,  un  pequeQo  sobresueldo  mensual. 

Otros  130  pluvi6metros  fundonan  a  cargo  de  los  Jefes  de  Estaddn  del  Ferro- 
carrll  r!pntral  del  Uruguay,  cuya  superintendencia  del  trftflco  ha  respondWo 
sJpmpre  en  la  f^rma  mds  encomlable  a  los  prop68ito8  del  Instituto  en  todo  lo 
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relntivo  al  servlclo,  coadyuvando  eficazmente  para  obtener  un  funcionaniieDto 
•atisfactorio  en  todas  las  Hneas. 

Los  demAs  est^n  a  cargo  de  Instituciones,  establecimlentos  ganadero-agr^colas 
y  particulares  del  interior,  los  que  prestan  desinteresadamente  su  cooperaci6n 
al  Institute. 


REPUeuCA  ORIENTAL  OEU  URUGUAY 
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I  ,  MsfM  phiviomAloo  trazado  sobro  la  1mm  de  52  estaeionct  del  Fenr1oioj;>laTiom^frioo  de]tIi>stitiito. 

Pabib  SaouifDA. 

KKSULTADOS    GKNKRAUB8    MB   LOB   8KBVICI0S    ANTEBIOBIS. 


oapItulo 
i^ercidn   CHmaMoffia  del   ObMervatorio   Central— Montevideo, 

TbMFKBATUBA    0.    AL   ABBIGO. 

Normal  anual  y  extrenws  absolutos.-^Kl  promedlo  anual  de  ia  temperatura, 
que  puede  aceptarse  como  normal  provisorla,  es  de  16**  1,  como  resulta  de  obser- 
vaciones  horarias  del  perfodo  1901-1914.  Damos  a  continuacidn  los  promedios 
eorre«pondl(*ntos  a  cnda  afio. 
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Los  ynlores  extremos  entre  los  que  fluctu6  la  teroperatiira  son :  30"  3  (< 
del  nflo  1006)  y  — 4*.0  (junio  de  1011),  con  una  diferenela  absolutn  de  43*-3. 

Bueno  es  recordar  que  De-Moussy  trae  conio  uidxlma  absoluta  a  la  sombrm 
41*.0'cent.  observada  el  17  de  enero  de  1S47.  Debe  tenerse  presente,  sin  em- 
bargo (y  es  el  lulsino  De-Moussy  quien  lo  hace  constar)  que  en  esos  dfas  ae 
quemaban  grandes  pastlzales  en  las  inmedlatas  cercanfas  de  Montevideo,  como 
dando  a  entender  que  ese  reealentamiento  artificial  del  aire  podia  liaber  false- 
ado  los  va lores  termomdtricos. 

Para  encontrar  o^ro  mdximum  que  se  aproxlme  al  de  De-Moussy  (si  blen  las 
observaclones  meteorolOgicas  linn  sufrldo  Interrupciones  y  grandes  laganas). 
hay  que  avanzar  mds  de  medio  siglo  desde  aquella  fecha,  hasta  la  funesta 
$emana  de  fucgo,  prlmera  de  febrero  de  1000.  en  la  que  Villa  Cc\6n  registrd 
el  mdximo  de  sus  mftxlnios  absolutos  con  40**^  a  la  sombra  el  3  de  febrero. 

En  cuanto  a  las  mfulmas  absolutas,  las  observaclones  de  De-Moussy,  que 
ebarcan  diez  alios,  no  registran  ningtin  valor  Imjo  cero,  lo  cual  hace  pensar  en 
una  Imperfecta  ublcadon  del  tenudmetro  o  en  un  sensible  error  instrumental 
del  mlsmo. 

La  serie  de  Villa  Co16n,  que  empleza  en  18S2,  ofrece  todos  los  aQos  sin  excep- 
ci6n  hasta  1000,  algunos  mfnimos  bajo  cero,  siendo  el  mds  bajo  ei  de  Julio  de 
1880  con  — 4'*.0  al  obrlgo. 

Marcha  divma  de  la  tempcratura, — ^El  examen  de  la  temperatura,  bajo  el 
punto  de  vista  de  la  marcha  diurnn  tiene  mds  slgnificaci6n  si,  en  lugar  de 
tomar  en  cuenta  los  valores  horarios  anuales,  se  conslderan  los  correspondientes 
a  los  meses  extremos,  enero  y  Julio  que  reproducimos : 

Valores  medios  Jiorarios  de  la  temperatura  al  abrigo. 


Horas. 

1 

Enero.   j 

Julio. 

Aflo. 

1 

Horas. 

Enero. 

Julio, 

Alto. 

1                       ..  . 

1 
19'    9i 
18      4  j 
18      0 
17      7 

17  6  1 

18  5  1 

20  2 

21  9 

23  4 

24  4 

25  5 

25  9 

26  2  i 

1 

9'    1 
9      0 
8      8 
8      G 
8      5 
8      4 

8  4 

9  0 

10  3 

11  3 

12  4 

13  1 
13      6 

13" 

13 

13 

13 

12 

13 

14 

15 

16 

18 

19 

19 

19 

1 
7 
4 
2 

0 ; 

8  ' 

W 
l\ 

5 

8  { 

14 

28«    1 
26     0 
25      6 
24      8 
23      9 
22     6 
21      5 
20     8 
20     3 
19     8 
19     3 

W    6 
13      5 
13      1 
12      1 
11      1 
10      5 
10      2 
0      9 
9      6 
9      4 
9      3 

19*      8 

2          

15 

19       ft 

3 

16 

19       2 

4                    

17 

18       4 

5 

18 

17       1 

5             

19 

16       S 

7 

20 

15       6 

8 :::::::;:: 

21 

15        1 

9 

22 

14       S 

10 

MidiiNwjhi:::::!: 

Promedios 

14        4 

11 

14       0 

Mftdlo  Dfa 

21'    90 

10*    £0 

16*    » 

La  rotaci6n  diurna  se  efectiia  al  rededor  de  los  promedios  respectivos  22*.0 
y  10** .5  que  representan  los  extremos  medios  mensuales. 

En  enero  la  temperatura  toca  su  minimum  al  rededor  de  las  5  h.  (el  1*  ds 
enero  el  sol  se  levanta  para  Montevideo  a  las  4  h.  53  m.),  con  un  promedio  do 
17**  6.     Aumenta  en  raz6n  de  1  a  2  grades  por  hora  hasta  las  U  11;  mibi 
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lentatnente  luego  hasta  las  13  h.,  hora  del  mftsimura  cuyo  promedio  es  de  26**.  2. 
Desde  las  18h  hasta  las  ISh  el  descenso  se  produce  en  raz6n  de  0*^.5  por  hora ; 
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V 
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?  5 

^ 
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5      < 

X      V 

3      '^ 

!•      ^ 

>>     <5 

\ 

■e  acenttia  a  la  cafda  de  le  tarde,  para  segolr  laego  cada  vez  infta  lento  en 
proximldad  del  rofnimum. 
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Ed  Julio  la  mfnlma  se  prodace  al  rededor  de  las  Tlu  con  un  promedto 
de  8''.4  (el  sol  se  levanta  el  1*  de  Julio  a  las  7h.).-  Sube  la  tempera turm : 
hasta  las  lOh.  en  la  proporcldn  de  1*  por  hora,  mils  leutamente  luego  hasta 
las  141l,  hora  del  maximum  con  13°.6.  El  descenso  se  acentda  hncia  U 
puesta  del  sol  con  1*"  por  hora;  se  modern  dmrante  la  noche  hasta  reduclrae 
a  pocos  d^lmos  de  grado  por  hora. 

En  resumen,  con  respecto  a  la  marcha  horarla  de  la  tempera tnra  se  deduce: 

1*.  Que  la  columna  tennom^trlca  fluctila  entre  los  valores  medlos  horarios 
26".2  y  17^6  en  enero  y  13'.6  y  8".4  en  julio. 

2^  Que  la  minima  se  produce  al  rededor  de  las  5h.  en  enero  y  de  las  Th.  eft 
Julio ;  la  m&xima  entre  13h.  y  14h.  en  todas  las  estaciones. 

8*.  La  temperatura  experlmenta  el  mds  rdpido  aumento:  en  enero  de  6h. 
a  7h.,  en  que  el  ascenso  medio  alcanza  a  1*.7;  en  Julio  de  Sh.  a  9h.,  con  1*.4. 

4*.  El  mds  rfipido  descenso  se  produce  de  18h.  a  19h.  con  1**.4  en  enero 
y  de  IGh.  a  181l  en  Julio  con  1*  por  hora.  En  ambos  cases  por  la  puesta 
del  sol. 

5^  En  enero  como  en  Julio,  las  horas  de  ascenso  son  las  menos.  La  tempera- 
tura sube  en  enero  8h.,  y  7h.  en  Julio.  Desciende  por  tanto,  16h.  en  enero  y 
17h.  en  Julio. 

6*.  A  las  8h.  en  enero  y  a  las  Oh.  en  Julio,  la  temperatura  es  la  mUs  apioxl- 
niada  al  promedio  mensual. 

Infiuencia  de  la  brisa  en  la  marcha  diuma. — El  r^men  local  de  la  brin 
altera  a  veces  la  marcha  normal  de  la  temperatura.  En  enero  la  brisa  de  mar 
adqulere  mayor  intensidad  y  se  hace  sentir  con  mayor  frecuencia.  Eq  los 
dfas  de  relativa  tranqulUdad  atmosf^rica,  que  son,  en  general,  los  de  mAs 
elevada  temperatura,  la  vlraz6n  se  entabla  para  el  Observatorlo  en  las  primeras 
boras  de  la  tarde,  con  vientos  del  Sur-Este  al  Este-Sur-Este. 

Esta  masa  de  aire  llega  hasta  nosotros  mds  frfa  y  mds  cargada  de  hnmedad 
que  el  ambiente  local  y  representa  en  los  dfos  bochornosos  un  allvio  In- 
apreciable. 

SaltoH  bruscos  de  temperatvra, — Son  propios  de  nuestro  clima  y  lo  carac- 
terlzan,  saltos  bruscos  de  temperatura,  a  veces  Instantdneos.  A  esta  condidda 
del  cllma  local  se  referfa  ya,  a  medlados  del  siglo  pasado,  el  Dr.  Saurel  en 
un  Juicio,  tal  vez  algo  exagerado,  pero  que  es  muy  expreslvo.  "Aquf  en 
Montevideo  se  puede  experimentar  en  un  mismo  dfa  la  Influencia  de  las  cuatro 
estaciones." 

Desct^nsos  de  5**  a  8°,  cnsi  instant Aneos  o  en  el  lapso  de  pocos  minutes,  som 
frecuentes,  sobre  todo  en  el  verano  y  en  la  primavera.  Mds  raros  entre  8*  y  11*. 
siendo  esto  liltimo  el  mds  Intenso  observado. 

Citaremos  algunos  casos  entre  los  mds  importantes: 

Octubre  19  de  1902. — Se  produce  un  salto  de  8*.G  a  las  17h.,  simultdneaments 
con  un  salto  de  viento  del  norte  al  sur-oeste  algo  fuerte,  acompafidndolo  Uuvia 
abundante  y  tornienta  ed^trica. 

Noviembre  25  de  1902. — Se  produce  un  salto  de  8'.5  a  las  lib.,  simultdneo  a  on 
salto  de  viento  al  sur-oeste  fuerte  con  lluvia  y  tonnenta  electrlca. 

Febrero  24  de  1903.— -El  salto  de  9*  se  produjo  a  las  ICh.,  reinando  nor-oesto 
moilerado  y  en  nionientos  en  que  enipieza  un  fuerte  aguacero. 

Enero  20  de  1904.— Baja  de  10**.7  a  las  Ch.,  simultduea  al  salto  de  viento  al 
sur-oeste  reinando  tonnenta  el^trlca,  sin  lluvia. 

Febrero  12  de  190G. — A  las  13h.  se  protluce  un  salto  instantdneo  de  tempera- 
tura :  desde  los  30** .2  desciende  el  termometro  a  21*.4  al  declararse  una  raclm  ds 
viento  oeste-aor-oeste  de  40  kilometres  horarios,  acompaQado  de  un  chaparrdn. 
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DIciembre  24  de  1905. — El  sol  to  de  11'*.2  se  produce  poco  despuds  de  medio 
dia  con  un  saUo  de  vieuto  huracanado  del  norte  al  oeste-nor-oeste,  acomimfiado 
de  un  aguncero  vlolento  y  de  granizo. 

Febrero  2C  de  1912. — De  12h.  15m.  a  13h.  sal  to  brusco  de  temperatura  (de 
34*.0  a  19*.5)  :  salto  de  14*'.5.  El  salto  se  acentiia  notablemente  entre  las  13h. 
15ni.  y  las  13h.  30in.  equivaliendo  a  11^  en  un  cuarto  de  hora,  en  niouientos  en 
que  se  descargaba  una  fuerte  tormenta  el^ctrlca  y  en  el  vecluo  barrio  de  la 
Aguada  reglstrdbase  le  cafda  de  dos  mangas  de  granizo. 

Febrero  19  de  1914. — Varlncl<5n  brusca  de  temperatura  de  H^.O  durante  Ih. 
30m.  Dentro  de  esta  varlaci<3n  es  notable  el  salto  de  9*.8  entre  las  ISli.  52  y 
las  14h. 

Amplitud  de  la  vunavidn  diuma, — Conforme  a  la  deflnlcl6n  que  da  Angot  y 
que  expresa  por  la  diferencia  entre  los  promedlos  de  la  m&xlma  y  los  promeillos 
de  las  mlninias  absolutas,  su  valor  resulta  para  el  Observatorlo  de  10*.l,  slendo 
la  media  de  las  maxlmns  absolutas  21** .3  y  la  de  las  mfnimas  11*.2. 

Para  los  meses  extremos,  la  amplitud  diurna  es  respectivamente  de  11*.44  en 
enero,  y  8** .02  en  Julio. 

Para  la  determinaci6u  de  este  elemento  se  tienen  en  cuenta  los  extremoB 
absolutos  de  la  fluctuaci6n  tcrmom^trica  y  no  los  horarlos  porque  estos  en 
realldad  distan  casi  slempre  de  los  verdaderos  extremos  no  sucediendo  sino 
por  casualidad  que  coincidan  con  ellos;  y  en  segundo  lugar  se  producen  en 
momentos  que  difieren  bastante  entre  sf  y  de  las  horas  del  mdximum  y  del 
minimum,  dando  ^to  como  resultado  compensaciones  que  tienden  a  modificar  el 
valor  de  la  amplitud. 

Mfarcha  anual  de  la  temperatura, — Estd  representada  por  l09  siffuienteM  valoreM: 


Bnefo 

22*0 
21».8 
20M 

Abril 

n\2 

IIM 

Jnllo 

W.6 
W.7 
12*.  8 

Octubre 

Noviembre 

Diciembre 

16*.0 

Febrero 

Mayo 

Agosto 

18*.  0 

Mano 

Junto 

Septiembre 

20*.  6 

Verano. 

21*.  3 

OtoAo 

13».9 

Invlenio 

a*.  3 

Primavera 

17*.  7 

Proraedio  anual  10*. 1. 

Recorriendo  esos  ni!imero8,  o  mejor,  las  curvas  que  los  representan,  se  ve 
que  la  temperatura  culmlna  en  euero  con  22*.0;  se  sostlene  elevada  en  febrero. 
El  descenso  se  acentila  cada  vez  mils  a  partir  de  principios  de  marzo  hasta 
mayo,  obteniendose  una  diferencia  de  3^.8  entre  abrll  y  mayo,  que  es  la 
mayor  de  un  mes  a  otro.  Alcanza  el  minimum  en  jullo  con  10*.5,  valor  que  poco 
diflere  del  de  agosto.  Desde  fines  de  agosto  el  alza  es  luego  cada  vez  mds  acen- 
tuadn  hasta  diciembre,  notdndose  la  mayor  diferencia  entre  octubre  y  noviembre 
con  3M. 

Temperatura  C.  a  la  intcmperie, — Como  era  de  espernrse  en  term6metro8 
situados  sobre  c^sped  en  plena  intemperle,  bajo  la  acci6n  llbre  de  la  radiaclon 
directa  y  de  la  irradlaci6n,  los  extremos  y,  por  tanto,  la  excursl6n  se  acentlla, 
aunque  el  promedio  anual,  que  es  de  10* .9,  apenas  exceda  en  0*.8  al  de  la 
temperatura  al  abrlgo. 
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El  resumen  de  los  Talores  respectivos  figura  en  el  caadro  slgolente: 
Valores    medioM   y   ab$oluto9   de   la    temperaiura    a    la    intemperie    {periodo 


KCMS, 

1   Media. 

absol. 

Minima 
abaoL 

^ 

Bnero 

;        23^.7 

47»6 

47».8 
4<i*.7 
40*.  2 
35*.  0 
29'.  7 
32«.7 
30«.7 
36».3 
3G«.7 
40-,  3 
46.  •S 

4*.0 
3*.  6 
3*.  4 
0*.» 
-3'.S 
-b\2 

-or  2 

-*>*.5 

-3'.S 

-4*.  8 

0-.8 

4\3 

43*  « 

Febrero 

2.3^0 

44*.? 

yf^trt^ 

!        2r.O 

MM 

Abril 

17*.4 

J9*.a 

Mayo 

1        13*.5 

38r» 

Jm^ 

1        U".3 

34\f 

iaiio 

t        10«.4 

38*.f 

Agosto 

10*.7 

ST*.  3 

BiH>tierabre 

Octubre 

13'.4 

!        16*.2 

«>*.l 

Nortemb^e 

DIctembre 

1        19».7 

\        22*.6 

3B*.I 

42*. » 

Afio>Valore8  modios  y  sbsolotoi* 

1        16'.9 

47.  •» 

-6-.^ 

64*.  1 

1        * 

Una  simple  compnraci6n  de  volorcs  prueba  como  la  diferencia  entre  lo8 
promedios  mensuales  de  nmbns  Instaloclones  npenns  alcanza  a  pocos  tl^dmof 
de  grado  en  los  meses  frfos  del  nfio,  pronuncldndose  en  los  meses  caloroao* 
hasta  una  diferencia  m^ima  de  2**  en  diciembre. 

Extrcmoa  abaolutoa. — ^Aqui  es  donde  se  nota  mejor  le  Inflnencia  de  la  llbre 
esposicI6n  sobre  todo  en  ^pocns  de  pobreza  hlgrom<5trica  y  serenldad  de  ciela 

La  mdxlma  absoluta  se  elev6  hnsta  47^.8  (febrero  de  1905)  y  la  mfnima 
alcanz6  a  — 6*.5  en  agosto  de  190S,  ampliando  la  excursion  termometrica  ab9o> 
lota  a  54**.3. 

Quien,  como  nosotros,  ha  tenido  oportunidod  de  recorrer  nuraerosos  registroi 
de  observaciones  efectundns  en  Spoons  dlstintns  en  las  reglones  del  Plata,  puede 
ofirmnr  que  estos  valores  deben  consldernrse  prdcticamente  como  valores  llmitea 
en  nueatro  cHma, 

Frccucncia  de  las  mdximaa  y  de  laa  tnlnimaa  abaolutaa — Mda  largoa  pcriodoa 
de  minimaa  ha  jo  cero  y  mdximaa  notablca, — En  cunnto  a  la  intensidnd  que  las 
mAximas  y  las  rofnimas  alcanzan  en  los  distlntos  meses  del  aQo,  se  despremle 
de  nuestras  observaciones,  y  es  confirmado  por  los  resultados  de  Villa  Colon: 

1*.  En  todos  los  meses,  sin  iroportar  la  estaci6n,  aparecen  mdxlmas  superlore* 
a  los  25^  a  la  sombra  y  28°  a  la  Intemperie. 

2*.  Que  las  mfnimas  bajo  cero  s6lo  se  observan  en  los  meses  de  mayo,  a 
principios  de  septlembre,  perteneciendo  las  mds  Intensas  a  fines  de  Julio  y 
prlndpios  de  agosto.  Como  excepcional  para  Montevideo  debemos  recordar  las 
beladas  del  12  y  14  de  octubre  de  1912,  cuyos  perjuiclos  en  vlfiedos  y  fnitalei 
fueron  incalculables. 

En  campana  las  beladas  tardfas  se  ban  presentado,  aunque  con  muy  escasa 
frecuencia,  hasta  en  la  prlmera  quincena  de  novlembre. 

8*.  Pocas  veces  inslsten  mfts  de  dos  o  tres  dfas  seguldos  mAxlmos  a  la  sorobn 
superiores  a  los  35*  en  verano,  a  los  30*  en  otoQo,  a  los  20"  en  Invieroo  y  a 
los  25"*  en  prlmavera.  Ensefia  la  experiencia  (y  puede  utilizarse  la  indicft* 
c\6n  dondo  no  se  dlsponga  de  medios  miis  completos  para  la  prevlsl^Q  del 
tiempo)  que  si  la  teraperatura  alcanza  esos  valores  o  los  excede  y  con  m&a 
va%6t\  b1  In.<«l8te  en  olios,  hay  Indlcios  casl  seguros  de  a^taciones  attpoef^lcBt 
prtJxlmas,  lluvias  o  vlcntos,  que  a  su  vez  traen  cambios  eo  las  condlcicfoei 
t^ruiicas  del  alro. 

Lo  dicho  do  las  niAxlmas  relatlvamcnte  a  su  repetlci6n,  puede  declrse  tantbl^ 
de  las  ndnlniuH. 

Como  ejempliis  muy  ruros  en  nuestro  ellma,  deben  citnrse  los  signientei 
perfodus  do  mAxlmas  y  uHnimas  insistcntes,  que  no  tlenen  iguales  en  la^e  Fk>rlct 
motcorolOgtcns  d*»  Villa  CoWn  y  i»l  Prado. 
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Mda  laryo  periodo  de  minimas  bajn  ccro. 


Abriso.  Intemperle. 

l>la  24  de  agosto  de 

1902 -!•!         -4Mcentlg. 

DIa  25  de  agosto  de 

1002 -1  0         -5  2centlg. 

I  >fa  2G  de  as^osto  de 

1902 -2  8         -5  Tcentlg. 


Abiigo. 
Dfa  27  de  agotto  de 

1902 +0M 

Dfa  28  de  agosto  de 

1002 -8  5 

Dta  20  de  agosto  de 

1902 +4  7 


Intemperlr. 
-8»2centlg. 
—6  2ceiitlg. 
— 1  Scentlg. 


Md4  largo  periodo  de  mdximas  notables  a  la  Mombra. 


Centlg. 

DIa  29  de  enero  de  1900 86*8 

Dfa  30  de  enero  de  1000 87  6 

Dla  31  de  enero  de  1900 89  2 

Dfa  1  febrero  de  1900 86  2 

Dfa  2  febrero  de  1900 80  2 


Centlg. 

Dfa  8  de  febrero  de  1900 40M 

Dfa  4  do  febrero  de  1900 39  4 

Dfa  5  de  febrero  de  1900 30  2 

Dfa  6  de  febrero  de  1900 37  4 

Dfa  7  de  febrero  de  1900 39  0 


Este  perfodo  es  conocido  bajo  el  nombre  de  **  semana  de  fuego  **  y  hasta  la 
fecha  no  ha  sido  superado  en  duracido  ni  en  la  altura  de  sus  valores. 

Observaciones  en  distintas  eondicionet  del  suelo, — ^En  el  Observatorio  se  ban 
becho  saltuariamente  experimentos  con  exposiciones  slmuttdneos  de  term6iue- 
tros  en  distintas  condlciones  de  suelo.  Un  ejempio  tornado  al  acaso  de  los 
apuntes,  demostrar&  la  Influencla  que  ejercen  la  naturaleza  y  el  color  del 
suelo  en  su  recalentamiento. 

El  dfa  3  de  febrero  de  1002  en  las  prlmeras  boras  de  la  tarde  se  expusleron 
por  pares  (sol  y  sombra)  termOmetros  segtin  se  dotal  la  mds  aba  jo.  Los 
term6metros  se  observaron  simultdneamente  un  cuarto  de  bora  despu^  de  so 
Instaladdn,  anotdndose  los  slgulentes  valores. 

Sol.  Bombnu 

Termdmetro  sobre  c4sped  (gramllla  de  bajo  corte)  42M  84*'.2  Centlg. 

Term6metro  sobre  tlerra  de  cultlvo  arclllosa,  recl^n 

labrada 43'.4  87'.4  Centlg. 

Termdmetro  sobre  camlno  de  tosca  slUceo,  plso- 

nada 46*.0  80'.3  Centfg. 

Term6metro  sobre  aflmmdo  de  granlto  azul 40* .9  88** .5  Centfg. 

Temi6metro  sobre  arena  sllfcea  suelta 51*.7  Bompldse  termdmetro. 

Temperatura  del  aubsuelo, — Los  termdmetros  se  ballan  colocados  a  dlferentes 
profundldades  en  un  suelo  muy  arcllloso.  Se  observan  tres  voces  por  dfa  los 
colocados  a  m.  0.30 ;  0.60  y  0.90 ;  los  de  mayor  profundidad,  una  sola  vez  por  dfa. 

Los  resultados  obtenldos  en  el  perfodo  1901-1914  se  resumen  en  el  slgulente 
cuadro. 

Temperaturas  tnedias  del  subsuelo-'Periodo  1901-19H, 


Am. 

0.30 

0.00 

0.90 

1.20 

1.50 

»8.0 

• 

17.0 
17.4 
17.5 
17.3 
16.8 
16.7 
16.1 
15.7 
15.7 
16.0 
16.4 
10.6 

MXO 

Entfo 

• 

24.1 
24.2 
22.3 
19.1 
15.3 
12.4 
11.5 
11.6 
18.7 
16.6 
19.7 
22.3 

• 

23.0 
24.3 
22.8 
2a2 
16.6 
13.8 
12.7 
12.4 
14.0 
16.5 
19.4 
22.1 

• 

23.0 
23.7 
22.7 
20.7 
17.5 
14.9 
13.5 
13.0 
14.0 
16.1 
18.7 
21.2 

• 

22.0 
22.8 
22.4 
20.9 
18.4 
16.0 
14.5 
13.7 
14.3 
15.9 
18.0 
20.3 

• 

21.1 
22.1 
22.0 
21.1 
18.8 
16.6 
15.1 
14.2 
11.5 
15.7 
18.3 
19.6 

• 
18.0 

Febrero 

18.0 

Ifano 

l&O 

Abril 

Mayo 

Junio 

Julio 

Agosto 

Scptiembre 

Octubre 

Noviembre 

DIciembre 

Alio 

Amplltud  media  de  la  Excursi<5D 

17.7 
12.7 

18.2 
11.9 

18.3 
10.7 

18.3 
9.1 

18.2 
7.9 

16.6 
1.8 

17.9 
0.8 

s  Estas  observaciones  abarcan  solamente  sicte  aftos,  a  saber  de  1908  a  1914. 

*  Estas  obscrvacionos  abarcan  solamente  dnco  afios.    Inlciadas  en  190S,  f uoron  abandonadas  en  dkdembre 
da  1010  hasta  medlados  de  1911,  por  estar  el  poso  manantlal  completamente  seoo. 
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La  amplitvd  se  reduce  con  la  profundidad, — Como  se  ve,  por  el  cundro  an- 
terior, los  valores  niedios  anuales  no  varfan  sensiblemeute  uno  de  otro  en  lai 
prlmeras  capas  del  suelo.  I^  que  varfa  es  la  forma  de  distribuci6n  del  calor, 
o  en  terminos  mds  preclsos,  la  amplltud  de  la  fluctuaci6n  de  la  temperatura 
que  tiende  a  reduclrse  con  la  profundidad. 

Se  nota  este  hecho  ya  sea  que  se  toinen  en  cuenta  salamente  los  promedkM 
extremos,  ya  los  valores  absolutos.  A  metros  0.30  la  dlferencla  entre  el  pro- 
medio  mensual  m&s  alto  y  el  mAs  bajo,  es  de  17**.7.  A  metros  0.90,  se  retloce  a 
lO'.T ;  a  metros  1.50  a  7"* .9  Es  tan  s6\o  de  l^'.S  a  8  metros  de  profundidad  y 
de  0^3  a  12  metros. 

Obs<irvese  que  esas  instalaciones,  todns.  menos  las  dos  liltimas.  se  hallan 
dentro  de  una  Igual  capa  de  terreno. 

Basta  reunlr  en  un  pequefio  cuadro  los  valores  extremos  observados  (que 
blen  puetlen  conslderarse  como  absolutos)  a  Itis  distintas  profundidades,  para 
que  en  Igual  forma  resulte  el  mismo  fen6meno. 

A  0.30  metros  de  profundidad,  m^ima  observada,  30^.1;  minima  obserrada, 
«".8;  diferencla,  23'.3. 

A  0.90  metros  de  profundidad,  maxima  observada,  25** .9;  minima  observada. 
IIM ;  dlferencia,  14^8. 

A  1.50  metros  de  profundidad,  mdxima  observada,  23'' .5;  minima  observada, 
12*.4;  dlferencla.  11 M. 

A  8  metros  de  profundidad,  mdxima  observada,  17** .8;  minima  observada. 
14'.5;  dlferencia,  3'*.3. 

A  12  metros  de  profundidad  (maoantial),  mdxima  observada,  18*" J2;  minima 
observada,  17'.0;  diferencla,  1*.2. 

Capa  de  temperatura  invariable. — En  vista  de  los  dates  que  preceden  y  ha- 
ciendo  una  extra  polaci6n  de  las  curvas,  como  determinaclOn  provisoria,  se- 
guraroente  poco  alejada  de  la  verdad,  puede  decirse  que  en  nuestro  clima  la 
influenda  diurna  o  estacional  de  la  temperatura  exterior  debe  conslderarse 
nula  en  la  prdctlca  a  una  profundidad  de  m.  23-25. 

Rctardo  de  Ian  ondas  de  calor  y  de  frio  con  la  profundidad. — En  terreno 
arcilloso,  como  lo  es  el  nuestro  y  no  tomando  en  cuenta  slno  las  observadones 
practlcadas  hasta  la  profundidad  de  1.50  m.,  4stas  llevan  a  los  siguientes 
resultados : 

Las  ondas  t^rmlcas  tardan,  t^nnlno  medio,  al  rededor  de  un  dla  para  afectar 
un  term6metro  a  0.30  metros  de  profundidad;  al  rededor  de  dos  dlas  para 
afectar  un  term6metro  hasta  O.CO  metros  de  profundidad ;  poco  mds  de  tres  dlaa 
para  afectar  un  term6metro  hasta  0.90  metros  de  profundidad;  poco  mds  de 
cuatro  dlas  y  medio  para  afectar  un  termOmetro  a  1.20  metros  de  profundidad; 
de  siete  a  ocho  dlas  para  afectar  un  tenn6uietro  a  1.50  metros  de  profundidad. 

Kesulta  de  ahf  que  un  mdxlnmm  t^rmlco,  seilalado  por  el  term6metro  exterior 
el  dfa  5,  por  ejemplo,  serd  registrado  el  dla  7  a  0.60  metros  y  el  dla  12  a  1.50 
metros. 

PBESI6n    nABOM^TRICA. 

En  la  prlniera  parte  de  esta  memorla  se  dan  Indlcaciones  relatlvas  a  la 
Instalaclon  y  altura  de  los  barometros. 

Al  pasar  ahora  a  una  breve  discuslon  de  los  datos,  aQadlremos  solamente  que 
estos  fueron  reducidos  a  0**,  pero  no  al  nlvel  del  mar  nl  a  la  latltud  normal. 

Promedio  anvaL — El  promedlo  del  perlodo  es  de  759.8  mm.  y  resulta  de  los 
annates  sigulentes: 

1901   1902   1903  1904  1905   1900  1907   1908  1909  1910   1911   1912   1913   1914 


759.G  759.4  759.8  759.4  759.5  759.8  7C0.2  7C0.5  7C0.3  7C0.4  700.2  7C0.0  759.7  7583 
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Marcha  diurna  {horaria)  de  la  prcsidn. — Como  puede  verse  por  el  cuaOro 
resunien  siguleiite,  en  todos  los  meses  la  fluctuaci6n  barom«5trica  ofrece  clara- 
mente  dos  nulxiinos  y  dos  mfnlmos  diurnos;  y  con  tal  regularidad,  que  su 
alteraclon  y,  con  ni:\s  razOn,  su  desaparlci6n,  suele  Interpretarse  en  nuestro 
cllma,  por  lo  menos,  como  indicio  nm^  luiportaute  de  cambios  atmosferlcos. 

Promcdios  horario9  de  la  prcsidn  harom6trica   {1901-1^), 


Horas. 

Enero. 

JuUo. 

AAo. 

759.9 
759.8 
759.7 
759.7 
759.8 
760.0 
760.2 
760.4 
760.5 
7(10.5 
7«X).4 
760.1 
759.8 

Horas. 

Enero. 

JuUo. 

Afio. 

757.4 
757.3 
757.2 
757.3 
757.5 
757.8 
758.0 
758.2 
758.1 
758.1 
7.'>8.0 
757.9 
757.0 

702.0 
761.9 
761.8 
761.7 
761.6 
761.8 
762,0 
762.2 
762.4 
762.5 
762.4 
702.1 
761.6 

14 

757.4 
7.57.2 
757.0 
756.8 
756.8 
756.9 
757.2 
757.4 
757.6 
757.7 
757.6 

761.3 
761.3 
761.3 
701.3 
761.5 
761.7 
701.8 
762.0 
762.1 
762.1 
762.1 

759.5 

15 

750.3 

16 

759.3 

17 

759.3 

18 

759.4 

19 

759.5 

20 

759.7 

21 

759.9 

22 

700.0 

10 

23.     .. 

760.0 

11 

24 '.,  ',." 

760.0 

Medio  Dfo  . 

Promedlo.... 

13 

757.6 

761.9 

750.9 

Del  cuadro  anterior  y  de  los  destlnados  a  los  valores  en  detalle,  resulta : 

1*.  Mdxtmas  y  niinimas  harom^tricaa  diurnaa, — Se  produce: 

Ud  maximum  principal  a  las  8h.  en  enero  y  a  las  19h.  en  Julio. 

Un  mdximum  secundario  a  las  23li.  en  enero  y  a  las  23h.  en  Julio. 

Un  minimum  prlnciiMl  a  las  18h.  en  enero  y  a  las  15h.  en  Julio. 

Un  minimum  secundario  a  las  81i.  en  enero  y  a  las  5h.  en  Julio. 

2*.  Valor  medio  de  la  fluctuaci6n  haromdtrica  diurna, — Su  valor  medio  anual 
«B  de  mm.  1.2  y  muy  poco  difiere  de  los  que  corresponden  a  la  estaciOn  frfa  y 
-oalurosa. 

8^.  Extremos  absolutos, — Los  registrados  en  los  14  aflos  son  mm.  775.4  en 
Jollo  de  1907  y  mm.  739.9  en  Julio  de  1902,  que  elevan  la  diferencia  total 
barom^trica  a  mm.  35.5. 

»  4".  Rdpidos  deacensoa, — I^os  mAs  notables  que  se  observaron  son:  Durante 
241i.  mm.  15.5;  durante  51i.  mm.  0.0;  durante  21i.  mm.  7.5;  durante  Ih.  mm. 
4.4 ;  durante  50  minutos  mm.  4.3. 

5*.  Rdpidoa  aacenaoa, — Los  mds  importantes  fueron :  Durante  24h.  mm.  15.6 ; 
durante  Ih.  mm.  3.8. 

6*.  Equivalencia  de  promcdioa — En  todas  las  estaciones  el  promedlo  de  las 
5h.  y  de  las  211i.,  con  escasa  diferencia  de  pocos  decimos  de  milfmetro,  es  igual 
al  promedlo  del  mcs ;  y  el  promcdio  de  abril  al  del  afio. 

MABCHA    ANUAL    DE    LA    pnESl6N. 

En  Julio  y  agosto  la  presl6n  alcanza  su  mayor  altura  con  mm.  761.0  y  la 
menor  en  diciembre  con  mm.  757.4.  Los  valores  Intermediarios  son  alcanzados 
en  un  descenso  progrcsivo  y  continuado  de  agosto  a  diciembre  y  en  aniiloga  alza 
de  enero  a  agosto. 

El  fucgo  de  la  preaidn  en  una  tormenta  local. — CompletarA  estos  apuntes 
tsobre  las  caracterfstlcas  fund  a  men  tales  de  la  pre8l6n  y  servirA  para  dar  una 
Idea  pi*ilctlca  de  c6mo  se  coni[x>rtan  los  dlstintos  elementos  meteoroldgicos  en 
nuestnis  tormentns,  el  detalle  de  una  de  ellas  que  transcribimos  directnmente 
de  los  registros,  ddndole  al  mismo  tiempo  la  forma  grdfica  para  su  m&a  fdcil 
<X)mpren8i6n. 


Digitized  by  VjOOQIC 


798       PROCEEDINGS  SECOND  PAN  AMERICAN   SCIENTIFIC  CONGRESS, 


$ 


^  t 


k 


2\ 


t 


iU 


!<    ( 


'.\ 


!T 


ir 


* 


IS 


^ 

^ 


2? 


•I 


^? — ^ 


Digitized  by  VjOOQIC 


ASTRONOMY,  METEOBOLOGY,  AND  SEISMOLOGY. 


799 


Aflo. 

Horas. 

Presltfn. 

Viento. 

1902. 
Mayo  11 

k.  m. 
21 

7 
14 
21 

2 

6 

7 
10 
12 
13 

13    20 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
23 
24 

1 

? 

14 

mm, 
765.0 
763.4 
761.3 
760.7 
765.9 
762.4 
750.0 
747.5 
745.4 
744.0 
743.7 
743.0 
743.8 
743.8 
743.9 
744.3 
744.3 
743.0 
743.3 
743.7 
743.8 
744.0 
744.2 
745.5 
747.7 
753.7 
755.5 

E 

E 

E 

E 

Kmt, 
7 

12 

27 

12. 

31 

12 

37 

13 » 

13 

13 

ENE.... 

10 

13 

13 

13 

13 

NW 

NW 

40 

13 

41 

13. 

13 

13 

13 

13 

13 

13 

NW 

44 

13 

13. 

13 

WSW... 
WSW... 
WSW... 
WSW... 
WSW... 
W 

65 

13 

64 

14 , 

60 

14 

52 

14 

63^ 

14 

40 

1  Llutve  torreocialmente  de  2h  a  9h,  en  cuyo  intervalo  caeo  mm  89.0.    Tonnenta  el^ctrica  intensa. 

• 

Humcdad, — ^La  con(licl6n  costanera  del  Departamento  de  Montevideo  con- 
trlbuye  con  otras  propias  del  clima  a  elevar  el  valor  de  In  huraednd  ntmosf^rlca. 
El  promedlo  anunl  es  de  75.8%,  y  en  nlngUn  mes  desclende  de  67  como  results 
del  sigulente  resumen: 

Humcdad  relativa  en  el  periodo  1906-19H, 


Enero 

70.4 
70.3 
73.6 
76.6 
79.1 
80.7 
83.0 
81.2 
80.1 
76.0 
71.0 
67.8 

•  VflimiO 

71.4 

Marzo 

Otoflo 

Abril 

Mayo 

78.A 

Junio 

Julio 

Agosto 

81.4 

Bepiiembre 

Primavera 

Octubre 

NoTifimbre                             .             

71.6 

Diciembre 

1 

Aflo. 


.75.7 


Marcha  horaria.—Tiene  una  marcha  Inversa  a  la  de  la  temperatura.  Su» 
valores  mds  bn  jos  se  anotan  en  las  prlmeras  horas  de  la  tarde ;  los  mds  elevados, 
en  la  madrugada. 

Los  casos  de  saturaci6n  son  desconocidos  en  los  nieses  de  enero,  febrero, 
novlembre  y  diciembre ;  numerosos  en  mayo,  Junio,  Julio  y  agosto. 

No  se  ha  reglstrado  ningiin  caso  de  saturacl6n  continunda  durante  24  horas. 

La  entrada  de  la  brisa  de  mar  suele  modificar  bruscamente  la  condIci6n 
hlgrom^trica  del  aire  ambiente.  Este  fendmeno  queda  evldenciado  con  clarldad 
en  los  grdficos,  algunos  de  los  cuales  se  han  reproducldo  en  ^lemorias  del 
Observatorlo.  En  uno  de  ellos,  que  traemos  como  ejemplo,  la  humedad  sorpren- 
dlda  en  descenso,  experimenta  una  alza  rdpida  desde  las  14h  en  que  se  entabia 
la  brlsa  marina.  Pr6xima  a  los  40%,  la  humedad  se  eleva  hasta  los  C5%,  para 
recaer  a  los  45%  a  las  18h.,  cuando  ya  la  brisa  habfa  dejado  de  actuar.  Sin  la 
brisa,  le  humedad  despute  de  haber  bajado  hasta  cerca  de  las  ICh.,  se  habria 
iniciado  lentamente  prlmero  y  mds  de  prisa  a  la  cafda  de  la  tarde  el  alza,  sin  pro- 
duclr  lo  que  llamaremos  la  "  narlz  higrora^trica." 
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dibecci6n  y  velocidad  del  VIENTa 

Si  80  conslderan  las  preilominancins  mensunles  para  todo  el  perfodo  1901-14 
sobre  la  base  tie  tres  obsorvaolones  dlarlas,  (Th,  14h,  21b),  el  predominio  per- 
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tenece  con  escasa  dlfereucla  al  Bste  y  al  Norte :  sii  proporcidn  de  frecuenda  eSt 
en  efecto,  de  366  por  clento  para  el  Este  y  861  para  el  Norte. 
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La  proporci6n  de  la  frecuencia  con  los  demds  vientos  es  la  siguiente: 

Frecuencia  de  las  predotninandoB  mensuales, 

N  NW  W  SW  S  SE  E  NE 


864V-      5V-       79Voo      27V-     102Voo     33V-     370Voo     20V- 

Pero,  Bl  se  examlnan  las  predominanclas  de  los  vientos  en  las  ti'es  horas 
fundamentales  por  separado,  se  Uegan  a  deslindar  efectos  de  fen6menos  localea 
caracterfsticos,  como  la  Influencia  de  la  brisa  de  mar  y  de  tierra. 

Asf,  a  los  7  h.  y  en  cualqnlera  ^poca  del  afio,  es  evidente  el  predomlnlo 
del  N.,  vlento  de  tierra  para  nosotros.  En  el  con  junto  de  todas  las  predomi- 
nanclas de  esa  hora,  su  proporci6n  es  de  740Voo  sobre  los  demds  rumbos. 

Proporcidn  por  mil  de  las  predominancias  a  las  7  K 
N  NW  W  SW  S  SE  E  NE 


740V-     lOV-      30V-      20V-      40V-      lOV-     120V-     30V- 
A  los  14  h.  la  predominance  mfts  saliente  pertenece  al  este  con  3507oo 
Proporcidn  por  mU  de  las  predominancias  a  las  14  h. 
N  NW  W  SW  S  SE  E  NE 


180*/co     lOV-    leOVoo     50V-     200V-     50Voo     350Voo      OV- 

Pero,  oquf,  si  separamos  los  meses  en  gmpos  de  sels  cada  uno,  septlembre, 
octubre,  novlembre,  diciembre,  enero  y  febrero  por  un  lado;  marzo  a  agosto 
Inclusive  por  el  otro,  como  si  dij^ramos  de  equinocclo  a  equlnoccio,  se  nota 
que  en  el  perfodo  caluroso  el  Este  lleva  un  prediminlo  de  560Voo  slgul^ndole  el 
8ur  con  I8OV00  y  el  oeste  con  130. 

En  el  otro  grupo  la  predomlnancia  no  estd  bien  deflnida  aunque  el  valor  imU 
alto  lo  retenga  el  norte  con  290V—,  contra  210  para  el  sur,  210  para  el  oeste  y 
150  para  el  Este. 

A  las  21  h.  el  predomlnlo  del  este  se  pronuncla  con  mds  claridad  que  a  las 
14,  llevandose  ese  rurabo  el  650V—.    Vtose: 

Proporcidn  V^o  de  las  predominancias  a  las  21  /i. 

N  NW  W  SW  S  SE  E  NE 


190V-      OVoo      30V00        OVoo       7QV-      30V-     650V-    30V- 

Pero,  aquf  tambichi  se  nota  que  el  gran  predomlnlo  del  este  recrudece  en  el 
)}rimer  grupo  de  meses  doude  llega  a  tener  una  proporcidn  de  86OV00  mientras  en 
el  segundo  gnipo  al  lado  del  este  que  lleva  420Voo.  estd  el  norte  con  310Voo  y  el 
sur  con  120. 

Rumbos  que  suclen  truer  Uis  tnayores  veloddades^ — Estudlada  la  direcci6n  del 
viento  en  correlaci6n  con  la  velocidad  toda  vez  que  esta  alcanzara  o  excediera,  no 
importa  la  duracl6n,  de  40  kiWmetros  horarlos  o  sea  11  metres  por  segundo,  se 
llega  a  los  resultados  condensados  en  el  pequefio  cuadro  siguiente: 

Cases  de  vientos  superiores  a  los  40  kildmciroa  horarios. 

Valor  absolute: 

N         NW        W         SW         S  SB  E  NE 


338    227   1829   1102   980    384    890    117 
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Valor  relative: 

57V»o    39*/-    812'/#o    ISS*/-     ICT/-    65V-    152*/-    2(r/- 

Salta  a  la  vista  la  eoonne  prepoaderancia  del  W  j  del  SW,  que  Juntos  repre^ 
sentan  la  mltad  Justa  de  casos  de  viento  fuerte  observados  en  los  14  alios.  Lo 
sigue  el  sur  con  167  y  el  este  con  152V- 

En  cuanto  a  su  distrlbucl6n  por  meses  y  estadones,  un  estudlo  publlcado  haoe 
poco  tiempo  demuestra  que : 

l^  La  condlclon  de  mayor  frecuencla  para  el  oeste  y  sur-oeste  en  los  vlentM 
fuertes  se  acentda  en  el  verano  y  otofio. 

2^  Que  la  primavera  es  la  estacl6n  que  cuenta  con  el  nmyor  ntlmero  de 
vlentos  fuertes.    La  sigue  el  invlerno,  el  otollo  y  por  dltinio  el  verano. 

Dian  con  viento  fuerte. — Los  5,867  casos  en  que  ei  viento  sopl6  con  veloddtd 
de  40  o  m&s  kil^metros  sin  tenerse  en  cuenta  la  duraddn,  claslficados  por 
rumbos  de  procedencia  y  que,  como  se  comprende,  pueden  ser  varlos  en  el 
transcurso  de  las  24  boras,  corresponden  a  un  total  de  631  dfas  nsf  distrlbuldoi 
por  t^rmino  medio  raensual  y  anual. 

Dia$  con  viento  de  40  kildmetroM  o  m<U  por  hora. 

Enero,  nilroero  de  dfas,  3.1 ;  febrero,  ntUnero  de  dfas,  3.6 ;  marzo,  ntlmero  de 
dfas,  1.9;  verano,  8.6. 

Abrii,  nOmero  de  dfas,  8.6;  mayo,  ntlmero  de  dfas,  2.8;  Junlo,  ntlmero  de 
dfas,  2.0 ;  otofio,  9.3. 

Julio,  ndmero  de  dfas,  4.0;  agosto,  niUnero  de  dfas,  5.8';  septlembre,  ntlmero 
de  dfas,  3.8 ;  Invlerno,  13.a 

Octubre,  nilmero  de  dfas,  5.1;  noviembre,  nilmero  de  dfas,  3.6;  dlclembre, 
ntlmero  de  dfas,  4.0;  primavera,  13.6. 

AQo,  ndmero  de  dfas,  45.1. 

Records  de  vclocidad. — Durante  las  tormentas  mils  notables  se  tom6  dlrecta- 
mente  la  velocidad  del  viento  en  breves  duraciones,  en  los  momentos  de  mayor 
violencla  de  la  tempestad.  La  mayor  velocidad  asf  ob  ten  Ida  alcanza  a  35  metros 
por  segundo  y  la  mayor  velocidad  durante  una  hora  a  103  kll6metros. 

Culmas, — En  el  capftulo  segundo,  destinado  al  resumen  de  estudios  espe- 
dales,  se  compendia  un  trnbajo  sobre  calmas  locales.  Para  evltar  repetidonee 
no  nos  ocuparemos  aquf  de  este  temo. 

LLUVIA. 

Cantidad  anual  de  la  lluvia. — ^En  la  formaddn  del  total  medio  anual  de 
lluvla  entran  como  factores  un  trienio  de  predpitnciones  extraordlnarlas  que 
culmln6  en  1014  con  mm.  2,399.7,  clfra  nunca  reglstrada  en  el  Rfo  de  la  Plata; 
y  un  trienio  de  notable  sequfa  que  culmlna  en  1907  con  mm.  550.5,  clfra  debajo 
de  la  cual  solamente  encontrnmos  en  los  illtlmos  32  aflos  y  para  nuestro  clima, 
la  correspondiente  al  alio  1892  con  mm.  443,  aSo  central  de  una  sequfa  que  pro- 
dujo  dnflos  incalculables  en  todo  el  pafs  (Observatorlo  del  Coleglo  Pfo  de 
Villa  CJoldn). 

Los  14  nQos  del  Observatorlo  del  Prado  dan  un  total  medio  anual  de  mm. 
1.002.2  que  resulta  de  los  slguientes  valores  anuales. 
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Totfitles  annates  de  lluvia. 


mm. 

AQo  1909,  total 868.3 

Alio  1910,  total 670. 6 

ARo  1911,   total 1,271.0 

Aflo  1912,  total 1, 496. 8 

Aflo  1913,   total 1,075.2 

AHo  1914,  total 2, 399. 7 

Promedlo 1, 000. 8 


mm. 

Aflo   1901,   total 727.8 

Aflo   1902,   total 928.7 

Aiio  1903.   total 977.6 

Ano   1904,   total 742.8 

Afio  1905,   total 756.0 

Aflo  1906,  total 638.9 

AOo   1907,   total 550.5 

Aflo  1908,  total 920.2 

Ed  presencia  de  las  observaciones  de  Villa  Co\6n  y  de  otras  pertenecientes  a 
localldades  del  Rfo  de  la  Plata,  opinamos  que  en  una  serle  mds  larga  de 
observaciones  quedarfa  corregida  probablemente  la  influencia  exceslva  que  los 
tiltlmos  aflos  en  extreme  lluviosos  ejercen  sobre  el  promedlo,  y  fete  se  fijarfa 
en  un  valor  que  no  debe  alejarse  sensiblemente  de  900  mm. 

Mjarcha  mentiual  de  la  lluvia  1901~19H, 

Enero,  69.8  mm.    Febrero,  66.7  mm.    Marzo,  91.2  mm.    Verano,  227.7  mm. 

Abrll,  118.4  mm.     Mayo,  106.0  mm.     Junio,  61.8  mm.     Otoflo,  286.2  mm. 

Julio,  76.0  mm.    Agosto,  93.1  mm.    Septlembre,  79.2  mm.    Invierno,  248.3  mm. 

Octubre,  69.6  mm.  Noviembre,  83.6  mm.  Diciembre,  86.8  mm.  Primavera, 
240.0  mm. 

AQo  1,002.2  mm. 

El  euadro  anterior  prueba  que  en  nuestro  clima  no  exlste  una  6poca  blen 
caracterizada  y  perl6dlca  de  lluvias  o  de  pobreza  udom^trica,  aunque  los  meses 
de  abril  y  mayo  ofrezcan  totales  mensuales  mils  elevados  que  los  demds  y  ten- 
gan  en  su  haber  algunas  de  las  mfis  notables  inundaciones  que  se  produjeron  en 
el  pnfs  en  los  liltimos  30  aflos. 

NUmero  de  dias  con  lluvia, — ^El  nt&mero  medio  anual  de  dfas  con  lluvia  medl- 
ble  es  de  81  de  los  que  70  con  lluvia  de  1  mm.  por  lo  menos  y  11  con  menos  de 
1  mm. 

Su  distrlbuci6n  mensual  no  presenta  diferencias  dignas  de  menci6n.  El 
nlimero  de  dfas  con  lluvia  fluctiia  entre  7  en  diciembre  y  5  en  julio,  llmltdn- 
donos  a  las  lluvias  de  1  mm.  o  mds. 

Valores  records  de  lluvia, — La  mayor  cantidad  cafda  en : 

Un  aflo,  mm.  2,399.7 ;  un  mes,  mm.  371.8 ;  un  dfa,  nun.  150.5 ;  una  hora,  mm. 
60.4 ;  pocos  minutos,  5.0  por  minuto. 

De  los  81  dfns  roencionados  con  lluvia  medible :  El  50  por  clento  se  limita  a 
cantldades  Infer  lores  a  5  mm.,  el  15  por  clento  entre  5.1  y  15  mm.,  el  12  per 
clento  entre  15.1  y  25  mm.,  el  9  por  clento  entre  25.1  y  35  mm;,  el  14  por  clento 
Buperiores  a  35  mm. 

Evaporacidn. — Los  dntos  que  discutimos  a  continuaci6n  proceden  del  Evapo- 
rfraetro  **  Piche  "  instalado  en  el  interior  de  la  Casllla  Meteorol6gica  y  obser- 
vado  una  vez  cada  24  horns. 

El  total  anual  es  de  mm.  1,156.8.  La  dlstribucI6n  mensual,  que  por  lo  demfts 
marcha  parnlela  con  la  temperntura,  nlcanza  su  m&ximum  en  dicienibre-enero 
con  ram.  150  y  148  respect ivamente  y  su  minimum  en  Juulo-Jullo  con  mm.  56  y 
57  respect  ivamente. 

La  mayor  cantidad  de  agua  evaporada  en  un  aflo  fu^  de  mm.  1,390.3  en  1905. 

La  mayor  cantidad  de  agua  evaporada  en  un  mes  fu6  de  mm.  202.9. 

La  mayor  cantidad  de  agua  evaporada  en  un  dia  fu6  de  mm.  15.5. 
6843&--VOL  11—17 51 
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Evaporaddn  en  miUmetros — Pcriodo  100J-19H. 


Meses  y  Estaciones. 

Total 

medio 

mensual. 

Mayor 
enun 
mcs. 

Mayor 

enun 
dia. 

Enero 

mm. 

147.5 

128.2 

109.0 

^.9 

65.4 

66.0 

67.3 

68.7 

74.3 

96.0 

113.8 

150.0 

385.5 

211.3 

200.3 

359.8 

1,156.8 

Itlfll. 
202.9 
180.8 
166.8 
137.6 
89.4 
66.5 
85-8 
115.2 
104.0 
m.l 
137.3 
198.0 
202.9 
137.6 
115.2 
198.0 
202.9 

mn. 
12.8 

Fpbrero 

110 

llarxo 

9.8 

Abril 

10.0 

Mayo 

6l8 

Junto 

8.2 

Julio 

8.5 

Agosto 

7.8 

fieptl^mbre 

0.0 

Octubre 

6l4 

No  vicmbre , 

8.S 

D  iciembre 

15.S 

Vera  no 

118 

OtoAo 

mo 

In  vierno 

0.0 

Prima vora........ . ..... 

1S.5 

Aflo 

15.9 

NEBULOSIDAD. 

Para  la  determlnacldn  de  la  nebulosldad  se  emple<i  la  escala  0-10  en  la 
que  el  0  equlvale  a  cielo  totalmente  despejado  y  el  10  a  cielo  eompletamente 
cublerto.    Los  resultados  figuran  en  el  siguiente  cuadro: 

Nebulosiddd  en  diScimos  de  cielo  cubicrto  {1901  lOH). 


Meses  y  estaciones. 

Prorae- 
dlo. 

Dtaa 
screnos 
(0  a  3.5). 

Dtas 

mi.xtos 

(3.6  a  7.0). 

Dfss 
miblada 
(7.1  a  10). 

Encro 

4.1 
4.2 
4.5 
4.8 
6.5 
6.9 
6.0 
6.7 
6.4 
6.4 
4.8 
4.4 

15 
13 
14 
11 
9 
8 
8 
9 
0 
10 
11 
13 

11 

0 

0 

12 

11 

9 

0 

10 

10 

10 

11 

11 

1 

Febrero 

0 

Marzo 

8 

Abril 

: 

Mayo 

11 

Junio 

13 

Julio 

14 

Agosto 

13 

Beptiembre 

11 

Octubre 

U 

No  viembre 

8 

Didem  bre 

7 

Ailo 

5.1 

130 

122 

113 

HELADAS. 

Comprendemos  bajo  este  nombre,  slgulendo  la  costumbre,  la  helada  propla- 
mente  dicha  y  a  la  escaroha.  Las  observaclones  de  los  catorce  afios  demues- 
tran  que  el  fen6meno  se  limlta  entre  los  meses  de  mnyo  y  septlembre. 

Son  verdaderamente  excepclonales  para  Montevideo  los  casos  esporildlcoe 
perteneclentes  a  octubre.  Los  meses  de  junio,  julio  y  agosto  se  llevan  ha 
cuatro  quintas  partes  de  la  totalidad  anual. 

Frecuenvia  media  de  la  helada  en  Montevideo  {1901-101 4) » 

Enero,  0.0;  febrero,  0.0;  marzo,  0.0;  verano,  0.0. 

Abril,  0.0 ;  mayo,  1.0 ;  Junio,  3.1 ;  otoilo,  4.1. 

Julio,  4.3;  agosto,  3.0;  septlembre,  0.8;  invlemo,  8.1. 

Octubre,  0.2;  noviembre,  0.0;  diciembre,  0.0;  primavera,  0.2. 

A  Ho,  12.4. 
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NIEBLAS — CERRAz6n. 

Nuestro  clima  ofrece  un  promedio  de  18.3  dfns  de  nlebla  por  aflo.  Son 
apenas  conocldas  en  novlembre,  diciembre,  enero  y  febrero;  frecuentes  de 
maj'o  a  aj^osto.  No  se  registraron  casos  de  cerraz6n  que  duraran  24  h.  sejruidas. 
Lo  mds  frecuente  es  verlas  disiparse,  hasta  las  mds  Intensas,  hacia  Ins  10  h. 

Frecuencia  de  la  niehla — Cerrasdn   {periodo  WOl-WUi). 

Enero,  0.1 ;  febrero,  0.4 ;  marzo,  1.2 ;  verano,  1.7. 

Abrll,  1.4;  mayo,  2.9;  junfo,  3.9;  otoHo,  8.2. 

Jiillo,  2.7 ;  agosto,  2.7 ;  septlembre,  l.G ;  invierno,  7.0. 

Octubre,  0.9 ;  noviembre,  0.3 ;  diciembre,  0.2 ;  primavera,  1.4. 

Afio,  18.3. 

GRANIZO. 

No  es  mny  frecuente  en  Montevideo,  como  piie<le  verse  por  el  cnadro  que  ncompa- 
fiamos.  Es  apenas  conocido  en  el  verano ;  en  el  Invierno  tiene  su  mayor  frecuen- 
cia de  1.5  casos.    El  aflo  ofrece  en  total  medio  apenas  3.9  casos. 

Frecuencia  media  del  granizo   {1001-191  li). 

Enero,  0.1 ;  febrero.  0.4 ;  mnrzo.  0.0 ;  verano,  0.5. 

Abrll,  0.2 ;  mayo,  0.2 ;  junio,  0.3 ;  otoflo,  0.7. 

Julio.  0.2;  agosto,  0.7;  septlembre,  O.G;  Invierno,  1.5. 

Octubre,  0.4 ;  noviembre,  0.4 ;  diciembre,  0.4 ;  primavera,  1.2. 

AHo,  3.9. 

Tamnflo  del  granizo. — En  30  nfios  de  observaclones  personales  el  autor 
observd  un  solo  cnso  de  granizo  verdaderamente  notable  por  el  tnmafio  de  las 
pledras.  Nos  referimos  a  la  manga  del  dfa  G  de  septlembre  de  1909.  Merece  la 
pena  el  extrnctar  de  una  memoria  publlcada  por  el  Sr.  Jer6nlmo  Zolesi,  sub- 
director  del  Instltuto  Naclonal  Ffsico-Climatol6glco,  algunos  detalles  Intere- 
eantes  sobre  tan  memorable  granlzada: 

Una  manga  de  granizo  que  podemos  desde  luego  conslderar  memorable  por  el 
lnu.<5ltndo  tamaflo  de  las  niedra.*?,  por  su  duracl6n  y  por  los  destrozos  ocaslonados, 
8orprendi6  a  la  poblacI6n  de  Montevideo  a  la  Ih  5m  de  la  madrugada,  inte- 
rrumpiendo  la  quietnd  de  esa  born  con  el  conslrmlente  sobresidto. 

La  tormenta  de«w!tada  en  la  tarde  del  dfa  anterior,  parecfa  cumplir  su  evolu- 
d<5n  sin  presentar  fenomenos  mayomiente  notables,  cuando  casi  slmulti^neamente 
con  el  paso  del  vlento  al  sur,  empez6  a  restallar  en  azoteas  y  claraboyas  el 
choque  seco,  caracterfstico  del  granizo  que  se  preclpltaba  en  ple<lras  de  tamano 
hasta  a^ora  no  ob«erva<lo  en  Montevideo  por  qulon  oscrlbo  estas  Ifneas.  I^ 
anormalidad  del  choque  no  pudo  menos  que  alarmamos.  Deblmos  comprender 
que  sobrada  causa  tenfamos  para  ello,  a  I  ver  cruzar  por  el  aire  en  fugltlvas 
Hneas  blancas,  el  granizo  que  se  fr.igmentaba  estrellAndose  contra  el  pavimento, 
mientras  mAs  o  menos  pr(5ximo  llegaba  a  nuestro  ofdo  el  agudo  crujir  de  chapas 
de  vidrlos  que  se  astlilabnn  o  ernn  perfonidj's  coino  per  proyectlles  de  nnnas  de 
fuego,  segtln  puede  verse  por  el  grabado  respectivo. 

Los  ejemplares  recogldos  por  nosotros.  de  contornos  ovoidales  algunos.  esferol- 
dales  Irregulares  los  mAs,  medfan  de  tres  a  cinco  centfmetros  en  su  eje  mayor. 
Secclonados,  presentnban  un  nficleo  opaco  ledioso  ubi^^'ndo  bncin  el  cenfro.  nniy 
pocos  hacIa  la  superflcle.  Partlendo  del  nddeo,  noti\bnse  apenas  la  sobreposl- 
d^n  de  capas  en  contornos  suceslvos,  que  interrumpfan  la  transparencia  casI 
crista  Una  de  las  pledras.* 

*  Sobrc  una  memorable  graDlzada  cafda  el  6  de  septlembre  de  1909  por  Jerrtnlmo  Zolesl. 
profesor  sastituto  de  ffnlca  meteorol6gica  en  la  Facultad  de  Agronomfa  de  Montevideo. 
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DeDUCX^IONES    que    8E    DE8PRENDEN    DE   UN    EsTUDlO    SOBBE    LAS    OaBACTKBISTIGAS 

DEL   QrANIZO. 

Resumimos  a  continuaci6n  Ins  conclusiones  a  que  llega  el  autor  de  esti 
raemorla  con  respecto  a  las  principales  caracterlstlcas  del  fendmeno  en  Monte- 
video, sacadas  de  un  estudlo  que  vi6  la  luz  pocos  aflos  hace. 

V,  De  los  27  casos  registrados  durante  ocho  aflos,  25  resultaron  de  gnmo 
menudo,  de  tamaCo  inferior  al  de  una  an'eja ;  2  de  tamaflo  notable,  sin  ser  ex- 
traordlnario. 

2".  Los  meses  de  enero,  febrero,  marzo,  abrll  y  mayo  s51o  ofrecen  un  total 
absoluto  de  cuatro  dfas  con  granizo  en  los  ocho  a  Cos,  de  los  que  tres  no  Dnerecen 
especial  meneidn  bajo  ningHn  conc^to. 

3*.  De  los  27  casos  s6lo  3  o  4  se  produjeron  sin  venir  aeompafiados  por 
lluvla. 

4*.  De  ese  misino  total,  5  se  producen  con  vientos  fuertes :  5  con  moderadoe ; 
2  con  d^blles,  5,  sin  Indicaciones  especiales. 

5*.  De  los  27  casos,  20  se  producen  soplando  vientos  entre  sur-sur-oeste,  con 
gran  predominio  del  sur-oeste,  2  con  vientos  del  sur.  2  del  oeste,  2  del  noroeste 
y  1  sin  indicnciones  de  rumbo. 

MANIFEST  ACI0NE8  ELECTRIC  AS. 

El  niimero  medio  anual  de  dfas  con  manifestaciones  el^ctricas  en  el  perfedo 
1901-1914  es  de  39.  De  este  fen6meno  se  ocupan  con  mayores  detalleslossefiorei 
Anibal  RIbeIro  y  Washington  Zarza,  respectivamente  Secretarlo  y  AuxUlar 
primero  del  Instituto  Nacional  Ffsico  ClImatol6glco,  en  el  capftulo  segundo  de 
esta  misma  parte. 

ALQUNOS  BESULTADOS  DEL  8EBVICI0  PLUVIOlf  finUOO  NACIONAL. 

El  corto  perfodo  de  funclonamiento  de  muchas  de  las  estaciones  que  com- 
prende  el  Servicio  Pluviom^trico  Nacional,  no  nos  permlte  emprender,  por  el 
memento,  la  deter  mi  naci6n  deflnitlva  de  la  zonas  pluvlom^tricas  de  la  Be- 
piibllca. 

Sin  embargo,  una  idea  suflcientemente  aproximada  de  las  condiclones 
general  es  del  Uruguay  desde  este  puuto  de  vista,  la  ofreceril  el  cuadro  nnmMco 
que  aconipnfia  este  comentario,  cuadro  del  cual  damos  mAs  adelante  una  reppo- 
ducci6n  grdflca. 

El  trabajo  se  ha  hecho  sobre  la  base  de  52  estaciones,  cuyo  perfodo  de  fan- 
cionamlento  es  de  seis  o  mds  aflos. 

El  cuadro  que  apareoe  a  contInuaci6n  sugiere  un  breve  comentario. 

1*.  Las  cnntitlndes  medias  anuales  de  Uuvia  en  todo  el  pais  tienen  como 
Ifmite  un  maximum  de  mm.  1.294  para  el  Yf  (Durazno)  y  un  mfnimum  de  mm. 
824  para  BIzcocho  (Soriano).  Es  por  lo  menos  curioso  el  hecho  de  que  el 
promedio  de  los  valores  anuales  de  lluvia  correspondientes  a  las  52  esta- 
ciones (mm.  1.039)  dlfiera  tan  s61o  mm.  20  del  obtenldo  por  la  semlsuma  de 
los  extremos  menclonados. 

2*.  I^s  valores  son  algo  mds  elevados,  en  general,  para  la  zona  norte,  nor- 
este  y  este  de  la  Repiiblica,  limftrofe  en  toda  su  extensl6n  con  los  Estadot 
Uni<los  del  Brasil.  El  grdfico  que  responde  a  lo»  resultados  obtenidos  hnstm 
1913  y  que  los  valores  excesivos  de  1914  hnbrdn  elevado  sensiblemente,  pero  no 
modiflcado  en  sus  Ifneas  generales,  asigna  a  esa  zona  un  total  medio  anual  de 
mm.  1,094. 
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Promedio9  y  extremo*  termonuStricos  relativos  a  12  localidadcs  dei  Uniffwtt, 

Los  (Intos  del  servlclo  ternio-pluviogrdflco  y  de  las  otras  Estaciones  Glimato- 
I6g\cas  instaladas  liltinmmente,  do  serAn  utillzables  para  In  determinaddii  de 
las  caracterfsticas  del  clinm  de  las  distlntos  zonas  del  pals,  sine  dentro  de 
algunos  aQos,  cuando  el  material  cientifico  sea  suficientemente  abundonte  como 
para  perwltlr  ese  estudio. 

Los  proDiedios  y  va  lores  absolutos  que  a  continuacidn  se  transcriben,  perte- 
necen  a  series  de  observaeiones  praeticndas  en  el  pais  desde  mediados  6A 
slglo  pasado,  o  a  algunos  estaciones  de  nuestro  servicio. 


Tcmpcraturai  ccntigradai  mcdias  y  extrcmas. 

Localidad. 

Latltud 
8ur. 

LODgltudW. 

AflOt. 

Media. 

Iftf^mm 

MIniBi 

Montevideo 

e       # 

34    51 
34    51 
34    51 
34    51 
34    48 
34    30 
34    30 
34    45 
33    52 
33    53 

Paris 

Paris 

Paris 

Paris 

Paris 

Greenwich 

Greenwich 

Greenwich 

Greenwich 

Greenwich 

Greenwich 

Greenwich 

Greenwich 

Greenwich 

Greenwich 

Paris 

Greenwich 

e 

58 
58 
58 
58 
58 
54 
54 
56 
58 
56 

56 
58 
58 
56 
00 
58 

# 

31 
31 
31 
31 
33 
17 
17 
4 
25 
14 

40 
7 
7 
15 
30 
00 

1843-1853 
1881-1886 
1800-1883 
1901-1914 
1883-1902 
1887-18S8 
190n-1910 
1908-1911 
18n-1880 
1909-1910 
1886-1807 
1910-1911 
1908-1912 
1875-1884 
1909-1911 
1909-1911 
1909-1910 

•    / 

16   0 
16    6 
16    2 
16    1 
16    1 

15  9 

16  5 

16  4 

17  0 
16    2 
16    1 

16  4 

17  4 
17    4 

17  3 

18  0 
18    4 

•     # 

41    0 
38    3 

•     r 

0  OCT) 

Montevideo 

1   0 

Monte  V  Ideo 

Monte\'ideo 

SO    3 

40  4 

37  8 

41  2 
40    0 
36    9 

38  0 
87    2 
38    2 
40    6 

-4  0 

Villa  Col6n 

-4   4 

Kocha 

~2  6 

Rocha 

-1   i 

Toledo 

-3  3 

Nueva  Palmira 

-1   3 

La  Cms 

-3  6 

Rstanc.  San  Jorpe 

-4   4 

Molles  Quinteros 

33     0 
33    13 
33    13 
32    15 
32    17 
31    18 

-4  0 

Mercedes 

-3  8 

Mercedes    . 

Pom  pa 

39    2 
41    8 
41    3 

-1   6 

PavMmdrt 

-1   0 

Saflo 

-3  6 

Hemos  dlstribuido  en  un  mapa  las  temperaturas  del  cuadro  preoedente  sin 
tener  en  cuenta  la  cori*ecci6n  de  altura  sobre  el  nlvel  del  mar;  tales  valores, 
filendo  en  general  i)oco  conocidos  y  casl  sin  importanda,  dadas  las  debiles  coo- 
dielones  altlmetrlcas  del  pais. 

El  exaiuen  de  esos  datos  revela  un  anmento  evldente  de  la  tempers tara  de 
Sur  tt  Norte  con  una  diferencla  de  V.7  entre  las  correspond lentes  a  las  lati- 
tudes extremas  de  las  Estaciones  precitadas  (31*  a  33* )  y  las  mds  meridiooalet 
(33*  a  35*),  coino  resulta  del  cuadro  slguleute: 

Latitud  Sur,  31*  a  33*.    Temperatura  media,  17*.9  CJentfg. 

Latltud  Sur,  33*  a  34*.   Temperatura  media,  16*.8  Ontfg. 

Latltud  Sur,  34*  a  35*.    Temperatura  media,  1C*.2  Ontfg. 

El  valor  1C*.2  corresponde  a  la  Isoterma  anual  que  atravlesa  la  Italia  pe- 
ninsular central,  la  costa  meridional  de  Francia,  el  Norte  de  Espafia  y  rorto- 
gal,  las  costas  merldlonales  de  Australia,  el  Sur  de  la  Olonia  del  Cabo  y  1* 
Pampa  Argentina  Septentrional 

CAPfTULO    SEOUNDO. 

Aerologla — Consccuencias  que  pueden  dcducirse  de  nuestroM  lansamicntoi  de 

Olobos  Pilotos, 

Del  anAlisis  de  70  lanzamientos  practlcados  en  §pocas  distlntas  y  por  gmpofl 
de  ocho  0  dlez  en  t^rmino  medio,  resultan  confirmadas  en  general,  las  sigulentfii 
conclusiones  a  las  que  se  habfa  llegado  medlante  la  prlinera  serle: 

1*.  Que  en  el  seno  de  la  atm6sfera,  aun  en  los  dfas  mds  calmosos  y  serenes  » 
la  superficie,  sin  agltacl6n  barom^trlca,  se  mueven  corrientes  de  toda  po- 
tencia  y  direcci6n  con  velocidades  propias  distlntas. 
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2*.  Que  la  Jjey  de  Egnell  "  la  vclocidad  del  vicnto  varia  en  razdn  invcrsa  de  la 
densidad  del  aire  a  partir  de  los  200  o  SOO  tnetros  hasta  los  12,000**  ley  que 
DO  concuerda  con  mis  observaciones,  deberfa  modlficarse  en  esta  forma :  "la  ve- 
Utcidad  del  vicnto  aumenia  con  la  altura,  micntras  no  sc  saiga  del  cauce  de  una 
corricnte  atmoafMca  o  torrente  a&reo  y  haata  cierta  diatatwia  dc  los  hordes  de 
la  corrientcJ* 

S\  Que,  conflrmando  anteriores  observaclones,  hechas  con  cometas  meteoro- 
16gicas  en  el  Observatorio  del  Prado,  la  corrlente  Inferior  de  la  brlsa  parece 
llmitar  sus  efectos  a  400  o  500  metros  de  altura. 

4**.  Que  en  los  puntos  de  contact©  de  dos  corrlentes  sobrepuestas  (cuanto 
mils  divergentes  mAs  acentuado  es  el  heclio),  la  velocldad  se  reduce  hasta  caer 
casl  del  todo. 

5".  Que  puede  elevarse  un  globo  casl  con  calma  y  ser  sorprendido  a  poca 
altura  por  un  verdadero  vendabal  que  nada  liacia  presumir. 

6*".  Que  estas  corrlentes,  aun  las  de  menor  cuantfa,  no  son  momentdneas 
sino  de  cierta  duracidn  ya  que  observaciones  repetldas  en  la  misma  tarde  con 
una  o  dos  boras  de  interralo,  reproducen  las  trayectorlas  en  la  mayorfa  de 
BUS  detalles. 

T"".  En  fin,  que  a  partir  de  los  3,000  a  los  5,000  metros,  los  globos,  en  la 
mayorfa  de  los  casos,  sienten  una  corriente  de  gran  predominio  que  los  arrastra 
desde  el  WNW.,  corrlente  que  tal  vez  quedarfa  evidenclada  como  permanente 
con  mayor  n!!lmero  de  observaclones  por  arrlba  de  los  4,000  a  los  0,000  metros. 

FRECTJENCIA   T    MODALIDAD    DE    IA8    CALMAS    HOBABIAB    EN    MONTEVIDEO. 

La  quietud  fibsoluta  del  aire  aun  tratdndose  de  una  zona  llmltada,  es  un 
fen6meno  casl  desconoci<lo  en  el  seno  de  la  atm6sfera.  Nl  en  las  reglones  de 
presidn  nlvelada  el  equillbrio  llega  a  ser  tan  perfecto  como  para  ellminar  por 
completo  todo  movimlento:  en  el  mismo  centre  ambulnnte  de  caluias  ecua- 
torlales  la  observacl6n  demuestra  la  exlstencla  de  corrlentes  que  alteran  su 
tranquil  Idad. 

Al  tratar  de  calmas  atmosf^rlcas,  nos  referlremos  necesarlamente  a  calmas 
relativas,  es  decir  a  clertas  condlciones  o  estado  de  la  atmosfera  en  que  el 
movimlento  de  sus  molik^ulas  (vleuto)  cuyo  reposo  es  alterado  por  desequlllbrios 
t^rmicos,  traducidos  en  desequlllbrios  dindmlcos,  no  alcanza  el  grado  necesarlo 
de  velocldad  para  responder  a  un  criterlo  tomado  como  base  para  separar  la 
actlvldad  del  movimlento  e61ico  de  una  tranquilldad  relatlva. 

Nos  ocuparemos  tan  s61o  de  los  movlmlentos  que  afectan  la  componente 
horizontal  y  que  se  producen  en  la  proxlmidad  de  la  superflcie  terrestre,  porque 
son  los  que  casl  exclusivamente  Interesan  desde  el  punto  de  vista  tecnlco  o 
Industrial,  asf  como  los  mejor  conocldos.  Nuestro  estudlo  abarca  9  alios  de 
observaclones  hechas  en  el  Observatorio  del  Prado  donde.funclonan  con  toda 
regularldad  desde  1906  un  anem6metro  el^trlco  Richard  y  Denza  con  totall- 
zador  helicoidnl  de  Cravero,  instalndos  a  3  metros  sobre  el  pretll  de  la  torre,  a 
17  sobre  el  suelo  y  a  41  sobre  el  nlvel  del  mar. 

Concretando:  iQu6  entendemos  por  calma  en  nuestro  case  especial? 

En  los  reglstros  del  Observatorio  del  Prado  y  en  sus  publlcaclones  se  con- 
sidera  como  hora  de  calma  aquella  en  que  el  vlento  no  alcanza  a  recorrer  un 
kil(5metro  en  ese  espaclo  de  tlempo:  en  otros  t^rmlnos,  cuando  su  velocldad  es 
inferior  a  m.  0.3  por  segundo.  Entonces  el  humo  sube  vertical  o  casl  vertical; 
(lescansan  ramas  y  hojas;  s<51o  una  mano  mojnda,  elevada  por  sobre  nuestra 
cabeza,  revel  a  el  tenue  movimlento  del  aire  por  una  parclal  sensaclon  de  frfo. 

El  CkWigo  Meteorol6gico  Internaclonal,  aceptado  por  el  Ck)ngreso  de  Innsbruck 
<1905)  y  publicado  en  1911,  resuelve  se  Incluyan  entre  las  calmas  todos  IO0 
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i\k\nvu  horarluM  iliU  vlfiuo.     rert*Hln 
1»«)C  ItiN,  niimoanoJ. 


lieutw  dQrm  vetocuted  so  Tiggnr  a  n.  ftl 
}H«r  ms^mtdft.  «  redouJeaiidik,  ^ne  b»  afcTwr 

>vi  wnLtnenter  tmxiirexiMW  iiiiescr&  mm- 
verui:  de  ubservDCMoeE  eemifrHktkt  ml  tra:i€i 
iH*    juilMiii   utmioefL   bjmo  que 

ill!  le^  iiii^U  ^  7.  12  J  1^  fciUknrtrai 
h^rarkfc^  o  fie&  reepeetJTUDfiai'  lA^  Z  X 
J  4.:;  iii*-tT<i6  pur  segsDdo,  ra  qdc  ckntr»  * 
«:^L'^  llmiteB  no  atto  fukciattaA  &x^  4b 
reu*liiiii^^to  la  majMim  ^  kw  ■irrwufiirpi 

La  (^Mra€tt6Q  del  taxnira^e  ehx  dirl  cE 
t^ntum  4€  harvs  4itUe9  de  Tieoto  par  cadi 
UL*<^  de  k^  fTtterios  apUcadoeL  Al 
Ui^wi*i»  Uiiiiarexoa*  DoCa  de  la 
hif>rari&  de  l£i^  c-almaa  iavegrigando  tf 
liTixM<^c  bony*  4#  meses  eiyprialuieute  tk- 
r</retf^i<>H  por  so  mayor  o  menor  nfimenx 

CalfnaM  korari€4  {0  a  1  kmM^)  (m.  PJi  par 
af^mlo).-'Sobre  el  total  de  78388  bom 
<lv  lr»K  riue^e  aikjR«  <dos  ».io  bisiettt^Kc),  2j014 
H«»ij  «'»»n  calnML 

l4S  pr€^x^rcl6n  aooal  alcanza  el  2^5  por 
f'KMito.  fluctuaodo  entre  las  UmiteB  ex- 
tr^u«w :  para  el  mAxiinam  de  6.43  por  dento 
correspondieote  al  afio  de  1912;  j  1.45  por 
ck'Uto  para  el  nifnimqin,  correapondtente 
al  tifio  1007.  Con  eate  criterio  teoeiDoe  eo 
el  p«H>r  de  ion  caaos  una  proporddo  inedUi 
I  Ik  93  boraif  por  ciento  con  viento. 

Mejur  que  Iqb  ndmeroa,  las  cnrvas  dtf 
(tiKcrfbuci6ii  horariu  media,  hectuui  aobre 
hi  htam  del  poreentaje  horarlo  anual  df 
raiiiiart,  nos  evidencian  que  las  horaa  ceo- 
trnlet!  del  dlu,  ea  dedr  de  U  a  16  lu  el 
|Hiirent8Je  cae  11  valores  fnfiinoa»  al  panto 
ilu  que  prricUcuDieute  pneden  conslderars^ 
iuH  i'ulmaa  como  iuexistentes  ea  esas  honui 
Kl  poreentaje  se  couaerva,  en  efecto.  dorant^ 
osiis  iioras  inferior  u  1  por  ciento,  con  on 
infnhmim  de  0.5  por  ciento  a  Ins  13  y  14  h. 
V"m\k^  hoc  ho  He  ve  roproducldo  en  tudos  lo» 
iiiertcH  de!  nfio;  se  pronnncla  ct»n  mayor 
IntPiiHWIntl  on  k»s  iiie^os  e^tlvales. 

I. a  mlsiiia  curvn  nos  iiKlIcuvA  tpie  el  por- 
(MMitnJe  de  cnliims  »e  eleva  a  mi  nidxlmam 
(Ml  U\H  primeros  boras  de  In  mafiana  y 
|irlinera>i  de  In  noche,  snfrlendo  erm  frefaefi- 
ein  una  cafda  con  pmxlinldail  de  la  medld 
t»«»*h<\    que    secm*aiuent«*    vnjni.l.t    n»InHAf» 
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la  frecuencia  horarla  sod  25.9  per  ciento  para  el  mi^vim^m  a  las  5h.  y  6.9 
por  ciento  a  las  14  horos. 

Caiman  horariai  {0  a  <  J2  kUdmetron  hararion). — Ck)iisl(lerando  como  calmas 
oquellas  en  que  el  viento  fu^  inferior  a  12  kilometros  o  sea  3.3  por  se^mlo 
la  proporcI6n  de  calmas  crece  notablemente.  Se  eleva  a  33,260  boras  calmosos 
sobre  78,8S8  o  sea  42.1  por  ciento  fluctuando  la  frecuencia  anual  de  calmoa 
entre  un  Didximum  de  48.6  por  ciento  en  1912  y  un  mfnlmum  de  35^  por 
ciento  en  lOOa 

La  variacion  diurna  que  no  difiere  en  su  flsonomfa  de  las  anteriores,  ofrece 
como  Kmites,  53.1  por  ciento  a  las  5  boras  y  24.8  por  ciento  a  las  14  boras. 

Estudiando  su  distribuci6n  bororia  se  obtiene  en  el  perfodo  de  9h.  a  ISb. 
an  porcentaje  de  70  por  ciento  de  boras  titiles  con  viento  superior  a  los  3.  m  3 
por  segundo. 

Calmas  liorarias  {0  a  <  15  kildmctros  horarios), — ^En  fin  y  por  tiltimo^ 
considerando  como  calmas  todas  las  boras  con  vientos  inferiores  a  15  kil6me> 
tros,  poco  mds  de  la  velocidad  media  boraria  del  viento  en  nuestro  pais,  los 
valores  borarlos  anemom^tricos  todavfa  nos  dan  una  proporci6n  media  anuol 
de  42  por  ciento  boras  con  viento  ilitil,  siendo  sus  Hmites  extremos  anaales 
de  calnm  C2.9  por  ciento  para  1914,  y  49.7  por  ciento  para  1906. 

La  diferencia  de  un  mes  a  otro  decrece  a  medida  que  se  fu^-za  el  criterlo 
de  la  calnm:  nquf  mayo  prima  con  61  por  ciento  de  calmas,  contra  53.5  por 
ciento  de  octubre.  En  cuanto  a  las  boras,  las  4b.  ofrecen  el  mdximum  (67.9 
por  ciento)  y  las  14b.  y  15b.  el  minimum  con  41.8  por  ciento. 

Condensando  en  una  tabia  los  resultados  finales  de  esta  investlgaci^n, 
obtenemos  en  definltlva  del  examen  de  nueve  afios  de  observaciones  borarlos 
del  viento  en  el  Observatorio  del  Prado: 


Calmas  horarias  del  viento  en  el  periodo  1000-1914. 


Calmas 
Oa<lkm. 

Cftlmas        (Talmas 
Oa<2km.  Oa<5km. 

Calmas 
Oa<7km. 

Calmas 
Oa<12km. 

Calmas 
Oa<15k]m. 

Sobre  un  total  absoluto  de 
78,H<*J*  horas,  hubo  una  pro- 
porcI<5n  por  o.icnto  de 

Proporcirtn.  por  ciento: 

M^xim.  afto 

2.55 
(1912)  6.43 

4.20 

ri0!2^  0.40 

laos 

(1912)17.57 
(Win   7.4 
(50  h.)  16.6 
(14  h.)   3.4 
(Julio)  16.8 
(dbre.)  7. 1 

18.20 

(1912)25.04 
(1906)14.39 
(5  h.)  25.9 
(15  h.)   «.9 
(arto.)25.9 
(dhrp.)13.0 

42:10 

(1912)48.6 
(19(16)33.5 
(5  h.)  53.1 
(14  h.)  34.4 
(nwyo)S0.2 
(dbre.)3a.  1 

fi7.87 

(1914)62  9 
a906)  49. 7 

Minim,  afto 

(1907)  1.45    TlOlo'^  i.79 

M&xim.  med.  horario 

Mininu  med.  homrlo 

MAxIm.  med.  mensual. . .. 
Minim,  med.  mensiial 

(7h.)5.3 
(13-H)a5 
(Julio)  4. 7 
(agio.)  1.0 

(7h.)  7.5 
(14  h.)  0.8 
(Julio)  7.4 
(agto.)  2. 2 

^1914)  67.9 
0901})  41.8 
(mavo)6S.l 
(Oct.)  53.5 

Disponemos.  pnes,  para  euiplearla  como  impulso  en  los  aeromotores,  de  una 
propt>rci6n  elevada  con  viento  litll  que  en  el  caso  mAs  severo  de  los  anallzadoe 
anterlormente,  se  eleva  a  un  48  por  ciento  en  el  perfodo  de  mds  actlva  labor 
diurna  (de  9  h.  a  18  h.)  y  que  todavfa  arroja  un  35  por  ciento  en  los  perfodos 
raenos  favorecldos  (madrugada  y  entrada  de  la  noohe). 

iNo  es  ^ta  una  condicI6n  que  podrfan  envldiarnos  rauehos  pafses  que,  a 
pesar  de  poseer  coelicientes  mds  bajos  de  velocidad  y  distribud^n  anual  en 
un  to<lo  irregular  y  fluctuarlo,  se  esfuerzan  por  sacar  el  mejor  proveclio  de 
sus  menos  favorablt's  condlclone-s  eolicas?  Un  dfa  relativainente  calnioso. 
relnando  noroeste,  desde  la  .seKuiula  azotea  del  observatorio  que  donilna  al 
re<ledor  de  40  inolinos  de  viento,  de  todos  tamaflos,  procedencias  y  alturas,  bice 
un  control  exporimental.  Tenfa  a  ml  dlsposlci^u  las  Indicaclones  directas  de 
dos  anem6metros  y  esiwr^  la  puesta  en  marcba  de  los  aeromotores. 
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El  resultndo  f u6  el  slguiente :  De  los  libres,  dos  terceras  partes  pasaban  de  ia 
qnletud  al  movlmiento  cuando  los  anera6metros  seflalaban  entre  2,  5  y  3  metros 
por  segundo. 

A  los  12  kil6metros  no  habfa  parados  mds  que  los  mollnos  cerrados. 

Ahora  bien,  t^ngase  en  cuenta  la  alta  frecuencia  de  nuestras  boras  con 
vlento:  que  esas  condlciqnes,  ya  muy  favorables  de  suyo,  pueden  mejorarse 
notablemente  elevando  la  toma  de  aire  a  mayor  altura  de  la  que  en  general  se 
acostumbra,  es  declr,  por  encima  de  los  25  metros,  recordando  el  resultado  de 
nuestros  experimentos  por  medio  de  globos  pilotos,  demostrativo  de  que 
en  las  capas  de  aire  Inmediatas  al  suelo  la  velocldad  del  vlento  crece  rdplda- 
mente  hasta  aumentar  en  un  tercio  a  dos  quintas  partes  a  los  100  m. 

Que  pue<len  preferirse  para  in3talaei6n  de  moUnos  parajes  altos  y  lejos  de 
masns  arb^reos  y  construcciones  que  retlenen  el  aire  en  su  marcba  y  reducen 
su  velocldad. 

Que,  en  fin,  es  de  esperarse  que  en  el  rdpido  camlno  ascendente  de  la 
mecdnica  aplicada,  se  conslga  rebajar  el  valor  de  las  Inerclas  y  roce  de  los 
iieromotores,  aumentando  su  reudlmiento. 

Y  no  podrd  negarse  que  si  no  utillzamos  como  fuerza  motora  directa  o 
Indlrecta  esta  poilerosa  energfa  que  aglta  sin  descanso  la  masa  atmosf^rica. 
traduciendola  en  obra  litil  por  medio  de  los  mollnos  de  vlento,  no  sev&  porque 
la  naturaleza  haya  dejado  de  favorecernos  tambi^n  en  esto  como  en  otras 
mucbas  manifestaciones  de  su  Uberalldad. 

LAS  SEQUlAS  EN  EL  CLIMA  DE  MONTEVIDEO. 

En  vista  de  la  crecida  cantldad  anual  de  lluvia,  que  fu^  estimada  entre 
$00  a  1,000  milimetros,  y  con  tan  discreta  distribuci6n,  SO  dias  con  lluvia  me- 
dible  bastante  equltativamente  repartidos  en  el  alio,  parecerfa  que  el  Uruguay 
debiera  desconocer  casl  las  sequfas.  Y  sin  embargo  no  es  asl :  esta  queja  surge 
a  menudo  de  entre  nuestros  hombres  de  campo. 

Las  scquiai  o  perfodo  de  pobreza  udoro^trica  tu6  deflnlda  en  formas  dlversas 
por  los  que  se  ocupan  de  la  materia.  Hellmann  consldera  como  periodo  de 
tiempo  8€co  aqucl  en  que  el  ayiia  calda  e%  tan  escdsa,  que  los  agricul tores  no  la 
tienen  en  cuenta  casi.  Symons  cousidera  como  sequfa  absoluta  el  periodo 
durante  el  cual  el  pluvidmctro  no  scflala  un  dCcimo  de  milimetro  por  lo  menoM 
durante  catorce  o  quince  dtas. 

La  deflnici6n-  de  Hellmann  es  en  es^tremo  arbitraria  y  hace  imposible  un 
estudlo  de  conjunto  y  comparaciones  pues  es  blen  evidente  que  para  distintos 
cultlvos  o  para  dlstlntas  fases  de  los  mismos  es  distinta  la  exigencia  udom^ 
trlca :  a  lo  cual  debe  agregarse  que  la  naturaleza  del  terreno  y  hasta  la  forma 
en  que  haya  sido  preparado,  Influye  notablemente  en  el  aprovechamlento  de  la 
lluvia,  aun  sin  tener  en  cuenta  otras  muchas  circunstanclas  que  podrfan 
hacer  varlar  el  crlterio  relativo  a  las  condiclones  pluviometrlcas  entre  per- 
sonas  ijertenecientes  a  la  mlsma  zona  cllmat^rlco-agrfcola. 

La  segunda  deflniddn  aslgna  a  las  sequfas  Hmltes  demasiado  reducidos. 
Con  el  crlterio  de  Symons  nuestro  cllma  ofrecerfa  muchos  aflos  un  slnmSmero 
de  sequfas.  Cltando  al  acaso,  el  1903  presentarfa  nueve  perfodos  de  sequfa 
en  nueve  meses  distintos.  Y  sin  embargo  su  total  (977.6  mm.)  mds  bien  peca 
por  exceso  que  por  falta,  compardndolo  con  la  normal  y  con  exclusl6n  de  1914. 

Preferlmos  tomar  como  base  el  slguiente  crlterio:  Se  cousidera  como  periodo 
de  Mcquia  el  que  alcance  o  exccda  a  las, dos  d^cadas  sin  una  lluvia  dc  por  lo 
menos  5.1  mm.  Para  este  crlterio  se  tiene  en  cuenta  la  naturaleza  arcillosa  pre- 
domlnante  en  nuestras  tierras.  la  forma  ondulada  del  terreno  que  Irregularlza 
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la  absord^n  y  la  hace  diffcii  en  las  partes  altas:  la  desproporddn  entre  el 
snelo  destinado  al  pnstoreo  y  a  la  agricnltura :  el  predominio  de  las  gramfneas  es 
los  prados  oaturales  que  con  su  compacta  red  de  rafces  forman  una  como 
coraza  y  dlficultan  la  penetraci6n  de  la  llnvia :  en  fin«  el  laboreo  de  las  tierras 
en  la  mayoria  de  los  casos  poco  hondo. 

Un  estudio  Uevado  sobre  el  perfodo  m&s  largo  de  observaclones  pluYiom^tri- 
cas  homog^neas,  1884-1914  o  sea  31  afios,  con  que  cuenta  el  Uruguay,  las  del 
Observntorio  del  Coleglo  Pfo  de  Villa  Col6n,  que  el  autor  de  esta  nota  tuvo  a 
su  cargo  desde  1886  hasta  1900,  demuestra : 

I*".  En  los  31  afios  bubo  115  casos  en  que  con  un  Intaralo  de  20  dias  de 
duraci6n,  por  lo  menos,  no  cnyeron  lluvias  superiores  a  5.1  mm.  Eso  da  un 
t^rmino  medio  de  tres  a  cuatro  perfodos  de  esa  naturalesa  por  afio. 

II"".  De  esos  115  perfodos  o  intervalos  son :  68  de  20  a  25  dias,  17  de  26  a  30 
dfas,  13  de  31  a  35  dfas,  8  de  36  a  40  dfas,  4  de  41  a  45  dias,  1  de  46  a  50 
dfas,  1  de  51  a  55  dfas,  3  de  56  a  65  dfas,  siendo  el  mayor  intervale  sin  lluYias 
de  eea  Intensidad  de  66  dfas  el  afio  1893. 

III**.  Todos  los  afios,  con  la  sola  excepci6n  del  1914  (cuya  pluvlosldad  bate  el 
record  de  las  observaclones  seculares  en  la  regidn  del  Plata)  ofrecen  algtin  caso 
de  intervalos  sin  11  u via  segtin  el  expresado  criterio:  un  solo  caso  en  1900:  dos 
en  los  afios  1894, 1901,  1904, 1912.  El  afio  1897  cuenta  con  el  mayor  nOmero :  siete 
intervalos  entre  20  y  80  dfas. 

Con  anterioridad  a  4ste,  el  autor  de  esta  Nota  habfa  reallxado  un  estudio  sotoe 
la  base  de  20  afios  de  observaclones  y  partlendo  de  un  criterio  m&s  severe,  se 
vomideraba  como  periodo  de  seguia  el  que  no  regittrara  durante  dos  d6oados 
un  milimetro  de  Uuvia  por  lo  menos. 

Se  lleg(5  asf  a  las  sigulentes  conclusiones  que  merecen  ser  reproduddas : 

P.  Durante  20  afios  bubo  23  perfodos  en  los  que  con  una  durad^n  mfnixna 
de  veintc  dfas,  no  cayeron  lluvias  superiores  al  milimetro. 

II""  De  esos  23  perfodos :  11  son  de  20  a  25  dfas,  7  son  de  25  a  30  dfas,  5  son 
de  30  a  45  dfas. 

III".  Los  afios  1888, 1889, 1899, 1900  y  1901  no  ofrecen  ningiin  caso. 

IV^  Considerftndolos  en  conjunto :  5  pertenecen  al  verano,  6  pertenecen  a  la 
primavera,  10  pertenecen  al  inviemo,  2  pertenecen  al  otofio,  o  tambi^:  16 
pertenecen  al  perfodo  del  afio  que  corre  de  abril  a  octubre  (Elstad^n  frfa)  ;  7  de 
octubre  a  abril  (Estaci6n  calurosa).  Esta  preferenda  en  favor  de  la  fipocti  friti 
del  afio  se  destaca  mayormente  si  se  excluyen  los  perfodos  inferiores  a  25  d(a& 
Kn  efecto :  Ninguna  sequfa  de  perfodo  superior  a  los  25  dfas  se  verified  en  los 
meses  de  enero,  febrero,  marzo,  abril,  noviembre  y  didembre. 

El  resultado  de  esas  excursiones  por  los  registros  es  que  en  este  cUma,  el 
niimero  de  sequfas  que  puedan  verdaderamente  considerarse  tales  en  la  prActica 
(de  30  dfas  o  mfts),  es,  en  resumen : 

Sin  lluvla  de  por  lo  menos  1  nun.  (perfodo  1884-1914) :  Una  cada  seis  afios. 

Sin  lluvla  de  por  lo  menos  5.1  mm.  (perfodo  1884-1914) :    Una  por  afio. 

Debemos  buscar  luego,  en  otras  causas  que  no  sea  la  frecuenda  de  las  sequfas, 
la  raz6n  de  la  queja  mencionada  m&s  arriba.  Seguramente  la  preocupad6n,  la 
exagoracl6n  y  la  general izacI6n  a  todo  el  pals  de  hechos  limitados  a  zonas  entra 
(•orao  factor  no  despreclable. 

Pero,  dejaudo  esto  a  un  lado,  no  se  olvide,  repit&moslo,  la  calidad  predominante 
(le  nuestro  suelo  arcllloso  y  compacto:  la  forma  de  explotaci6n  del  mismo;  la 
<)ndulaci(5n  del  terreno  que  rechaza  el  agua  a  los  bajos,  provocnndo  nuestras 
earucterfsticas  y  bruscas  credentes  de  arroyos  y  cafiadas,  mientras  se  denudan 
las  cuchillas  y  las  lomas  para  elevar  el  fondo  de  los  cursos  de  agua ;  la  falta 
fasi  total  de  obras  de  regadfo,  cuando  las  corrlentes  subterrAneas  abundan  a 
medianas  profundldades  en  toda  la  repdblica;  la   fuerza  de  los  vlentos  no 
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atenutidojs  i>or  defensas  naturnles  o  artlficiales  que  moderen  los  efectos  evapo- 
rantes  y  la  teniperatura  bastaDte  elevada  de  nuestro  clima;  consld^rese  al  ftn 
que  (segiln  resultn  de  un  estudio  Ilevado  tambi^n  en  el  transcui-so  de  los  31 
aflos  en  Villa  Ck)16n)  la  mltad  de  nuestras  lluvias  no  exceden  de  5  mm.  y  se 
tendrd  en  gran  parte  la  explicaci6n  que  se  busca. 

La  repoblacl6n  de  los  montes :  la  matizaci6n  del  suelo  eon  manchas  arbdreas ; 
la  roturaci6n  mAs  extensa  y  mds  honda  de  la  tlerra :  oportunas  obras  de  regadfo, 
favorecidas  por  el  alto  coeficiente  de  horas  sin  calma,  atenuar&n  los  efectos  de 
eeta  condicI6n  especial  de  nuestra  pluviometrfa. 

LAS    MANIFESTACIONES    ELl5CTRICAS    EN    MONTEVIDEO. 

La  observacidn  de  las  manifestaclones  el^tricas  de  la  atm6sfera  presenta 
no  pocas  dificultades  en  la  prdctica,  que  dan  a  los  datos,  aun  a  los  reunldos 
en  forma  empefiosa  y  con  las  precauciones  y  cuidados  que  aconsejan  las  buenas 
normas  de  observaci6n  y  una  experiencia  de  aflos,  deficiencias  d  if  Idles  de 
snbsanar. 

Asf,  por  ejemplo,  deben  ser  numerosas  las  manifestaclones  el^tricas  diumas 
que  pasan  inadvertidas  para  el  observador  ya  por  la  intensidad  de  la  luz  del  dfa 
ya  por  causa  del  trdfico  urbano. 

Las  horas  nocturnas  tambi^n  of recen  sus  Inconvenientes ;  estd  fuera  de  todas 
dndas  que,  sobretodo  en  el  tlltimo  tercio  de  la  noche,  muchos  meteoros  de  esa 
Indole  quedan  exclufdos  del  registro  por  cnrencla  de  informes. 

Se  trat6  de  suplir  la  observacidn  dlrecta  por  medio  de  registradores  auto- 
mdticos  de  las  descargas.  Pero  los  ceraun<3grafos  o  los  simples  Popoff  mds  o 
menos  modificados,  hasta  la  fecha  no  permlten  eliminar  muchas  descargas 
artlficiales  nl  ubicar  en  rumbo  y  distancia  el  foco  de  aquellas.  Nada  diremos 
de  la  dificultad  de  clasificar  con  alguna  aproximaci6n  la  Intensidad  real  del 
fendmeno,  que  trdtase  de  deducir  de  la  mayor  o  menor  f recuencia  de  los  trazos : 
lo  cual  evidentemente  no  puede  ser  un  criterio  aceptable*  pues  puede  estarse 
en  presencla  de  un  aparato  elMrico  poco  intenso  pero  capaz  de  frecuentes 
descargas;  y  puede  el  mismo  foco  el^rlco  estar  situado,  con  respecto  a  la 
Estaci^n  receptora,  a  distancia  muy  grande  y  no  alcanzar  sus  ondas  hasta 
el  registrador,  o  estar  a  corta  distancia  impresiondndolo  entonces  hasta  con 
las  descargas  mds  dalles. 

Para  la  formaci6n  de  esta  estadfstica  no  han  sido  tenldos  en  cuenta  los 
datos  suministrados  por  los  registradores  del  Observatorlo  del  Prado,  no  s61o 
por  los  motivos  citados  mds  arriba,  sino  para  hacer  mds  comparables  entre 
sf  datos  procedentes  de  dos  series  meteoro]<3gicns  que,  al  ser  utillzadas,  amplfan 
nuestro  estudio  a  32  aflos  de  observaciones  (1883-1914). 

Todas  las  observaciones  son  directas;  proceden  de  la  anotaci6n  del  o  de 
Io8  encargados  de  las  observaciones  habituales,  habi^ndose  utilizado  algunas 
veces  los  informes  de  personas  extraflas  al  Observatorio,  siempre  que  el  informs 
se  conflrmara  a  satisfaccI6n. 

Se  engloban  bajo  el  nombre  de  manifestaciones  eldctricat  las  descargas 
aparatosas,  los  truenos  locales  o  lejanos  aunque  no  se  hayan  podldo  sorprender 
los  reldmpngos  y  los  asf  llaniados  impropiamente  reldmpagos  de  calor. 

El  resultado  estd  contenldo  en  los  cuadros  que  transcribimos  y  que  con- 
tlenen : 

I*.  El  ndmero  de  dfas  con  manifestaclones  el^tricas  en  cada  mes,  estaci^n  y 
afio  del  perfod.j  1883-1014. 

II*.  I^  distribucWn  de  esos  valores  por  cuatro  perfodos  Interdlurnos:  Ma- 
drugada  (de  1  h.  a  0  h.) ;  maflana  (de  7  h.  a  M.  D.) ;  tarde  (de  13  h.  a  18  li.) ; 
noche  (de  19  h.  a  M.  N.). 
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Pram€dio9  horarioM  de  la  ** humedad  rdativa  en  centMnuu"  en  et  periodo  de 

1906-1914. 


Keaes. 

1 

3 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

13 

Encro 

8L9 
81.9 
83.2 
84.4 

85.6 
85.8 

»to 

87.5 
8^3 
86.0 
82.1 

8ai 

83.3 

82.9 
84.0 
85.1 
86.2 
86.3 
88.1 
87.7 
W.8 
86.5 
83.0 
81.7 

84.4 
84.0 
&i.2 
S5.4 
87.0 
86.7 
88.5 

8a2 

88.4 
87.2 
84.2 
82-6 

813     85.9 
81-9     8fi.O 
85.9  !  86.9 
85.7     86.0 
87.1     87,6 

87.0  87.3 

89.1  89.4 
8H.5  ;  88.5 

89. 2  89. 3 
87.6  i  87.9 
85.4  ■  86.2 

85.1 

85.7 
87.3 
86.2 

8S.2 
87.8 
89.6 
88.5 
89.3 
87.3 
84.3 

7&4 
81.8 
85.6 
86,6 
89,1 
88.2 
89.7 
88.5 
87.9 
82.7 

71.0 
713 
78.9 

81.3 
86.7 
87.6 
88.0 
««.3 
82.8 
76-5 

64.7 
65.6 
7Ql6 
73.8 

8a  8 

83.4 
84.8 
81-9 
77.1 
7a  5 
65.0 
61.8 

eao 
eao 

64.8 
68.3 
75.3 
78.6 
81.1 
77.1 
72.9 
66.7 
61.0 
57.4 

59.6 
55. 4 
59.9 
64.3 

7a2 

74.1 

7a  4 

T3.3 
69.3 
63.4 
58.2 
54,1 

S5.1 
518 
57.0 
61.3 
67.3 

7aQ 

73,2 
71.2 
67.3 
62.2 
57.4 
52.5 

5C4 

Fobrero 

Harzo 

52.9 
56.2 

Abril 

»  6 

Mavo. 

66.7 

Jurif  0 

68.6 

JuHo 

7LJ 

Ago**to 

69.7 

Seplieinbrfi 

Oil 

Octubre 

61.4 

Novicmhro 

77.9!  71.4 
77.4  i  68.1 

55.1 

Diciembre 

83,3     83.8     81.7 

52l6 

Verano 

82.7 
85.2 

S7.9 

82.7 

83.4 
85.9 

88.2 

8:^.7 

81.5 

86.4 
88.7 
M.7 

85.4  1  86.3 
86.6  1  87.0 
88.9     88.1 
85.4     86.0 

88.0 
87.4 
89.1 
84.4 

81.9  ,  74.4 
87.9  1  85.2 
88.7     R5.9 
78.3     72.0 

67.0 
79.3 
82.3 

61.6 
74.1 
77.0 

57.4 
69.5 
71.0 
69.6 

55-3 
66.5 

7a6 

57.4 

54.5 
64  6 

Otofio. 

Invierno 

afiio 

Vrlmaverfl 

65.8 

61.7 

sat 

'-" 

Afto 

84.6 

S5.3 

86.1 

86.6  j  87.1 

86.7 

84.2     79.4     73.3 

68.6 

64,6 

63L4 

ei.1 

M^es. 

14 

15 

15 

17 

IS 

19 

20 

31 

22 

S 

24 

Med^ 

Enero 

M.2 

5^5 
56.4 
59.4 
65.5 
67.7 
70. 5 
68.8 
66.4 
61.2 
55.6 
51.4 

55.0 
54.7 
57.6 
59.8 
ai.9 
67.5 
70.9 
69.4 
67.1 
61.9 
5fi.l 
52.3 

56.9 
56.4 
59.8 
61.2 
68.1 
69.8 
7Z8 
7a  3 
6K.6 
6^.5 
57.3 
54.1 

59.0 
58.3 
62.7 
64.9 
72.7 
74,6 

62. 4  i  68. 0 

71.9 
73,7 
77.7 
79.8 
8^.1 
83.9 
8^.2 
819 
84.5 
8a7 
72-9 
71.3 

75.1 
82.3 
84.9 
75.0 

76.8 
7.5.8 
79.4 
81.5 
818 
84.6 
8a6 
84.7 
85.6 
815 
78.3 
74.2 

77.3 

8^.3 
85.6 
78.3 

78.2 
77.4 
80.7 
82.8 
8i.2 
84.8 
87.1 
85.5 
8a6 
83.6 
78.7 

7a  0 

79.1 
78.6 
81.7' 
81.5 
84.0 
84.9 

8a9 

86.3 
87.1 
84.6 
79.4 

7a  8 

8a3 
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82.6 

817 
84-7 
85.3 
87.7 

1^1 

85.5 
8a3 
78.8 

7Ql4 

Febrero 

63.9 
68.1 
71.4 
78.2 
79.7 

68.8 
74.5 

7a  8 

81.8 
82.6 
84.8 
82.1 
82.3 

Tag 
7a  1 

65.0 

7a  4 
8a4 

81.1 

7a7 

70^,4 

Marto 

73.6 

AbHl 

75.5 

7«15 

ga.7 

Maro 

Junto 

Julio 

77,2     81-9 

81.9 
81.1 

aoLi 

7^0 

e7.« 

AROstO..    , 

72.9 
71.6 
65.9 
59.7 
56.0 

78.0 

7a  8 

7a  8 

69.4 
59.6 

Bippticmbre 

Octiihrc 

Noviernbre. 

DIclembre - 

Verano. 

54.7 
64.2 
68.6 

sai 

5%  8 
64.4 
69-1 
56.8 

57.7 
66.4 

7a  6 

58.3 

6ao 

7a  7 

73.9 

64.8 
76.4 

7a  9 

64.6 

78.8 
81.9 
87.4 
79.4 

79.8 
84.1 
8a8 
8a3 

8a9 
84.5 
87.4 
81.5 

TU5 
78.6 
8L4 
7L6 

Otoflo - 

linicrno...^ 

Primavera 

.... 

Ailo. 

60.0 

61.  a 

6:).  2  i  sa  ^ 

71-2 

7a  1 

70.-1 

8t-i 

^  1 

S'  7 

fft  A 

TX  t 

ValoreM  mediae  de  la  humedad  relativa  en  centMmoM,  1906-1914. 


Ues«s. 

1906 

1907 

1908 

1909 

1910 

1911 

1913 

1913 

1914 

M«diA. 

Envro 

71.8 
65.4 
65.9 
71.0 
7a  4 
7a  5 
80.6 
82.6 
77.4 
73.7 
68.3 
63.1 

65.0 

68.7 
77.4 
73.8 
75.7 
82.3 
83.7 
83.9 
81.0 
7a  6 

oas 

63.3 

71.2 
71.2 
74-4 

75.9 
83.0 
85.3 
81-9 
80.9 
80.7 
7Z2 

7a  8 

66.0 

73.5 

7a  0 

63.6 
71.6 
68-8 
7a  3 
83.0 
80-5 
83.1 
73.4 
71.3 
61.5 

73.2 
73.3 
7a  2 

7a  7 

74.4 
82.8 
83.0 
77.0 
78.8 
73.0 
65.2 
62.6 

63.3 
68.6 
09.9 
69.3 
81.4 
78.8 
84.5 
79.3 
80.3 
7a8 
77.2 
77-4 

73.7 
7a  4 
75.1 
77.7 
82.1 
81.8 
80.5 
80.5 
73.2 
7a  4 

n.9 

71.7 

63.9 
71.3 
7a  6 
80.4 
81.3 
79.3 
82.1 
82.9 
84.3 
S3.0 
75.4 
72.1 

71.3 

sas 

83.1 

Tas 

79.0 
74.0 
81.5 
S2.9 
8&8 
S3- 7 
87.5 
83.4 
81.0 
79.7 
70.3 
73.1 

7B.2 
S&.1 

SS.8 
74.4 

7a4 
mi 

73-6 
75.6 

79.1 
80.7 
S.0 
SLl 

aott 

tfano 

Abril 

SSK:::::::::::::::::::::::: 

JuHo 

Ago«^to 

FerUembro 

Octiibr« 

76.0 
69.1 

Noriembra. 

V«raDtk, 

67-7 
74-6 

8a3 

68.4 

7a  4 

77.3 
83.1 
69.5 

72.3 
81-4 
8L5 
69.7 

68.7 
72.6 
81.8 
68.4 

74.2 

7a  0 

79.8 
6a9 

67.3 
76.5 
81.4 
77.1 

73.0 
80.5 
78,1 
73.3 

n.1 
mi 

7t  6 

OloAo. 

Inv  twno 

rrlm&vora 

WU^L  •  *•«••••••••••■•••.  ■  ■  * 

72.7 

75.0 

76.2 

72.9 

74-7 

75.6 

7a2 

77.9 

80l4 

mi 
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822       PBOCEEDIKOS  SECOND  PAN  AMEBIOAK  SCIEIirnFIO  OOKGBESa. 
Frecuencia  horaria  de  la  Uuvia,  peHodo  1906-1914^ 


Afios. 

1 

9 

8 

4 

6 

6 

7 

8 

0 

10 

U 

12 

IS 

1900 

14 
11 
18 
15 
10 
25 
17 
10 
42 

18 
0 
18 
12 
12 
24 
25 
21 
46 

23 

7 

10 
16 
14 
24 
26 
22 
45 

3D 
10 
17 
10 
17 
20 
22 
21 
41 

18 
8 
15 
16 
10 
20 
24 
21 
44 

17 
12 
17 
10 
10 
36 
26 
24 
46 

14 
13 
17 
16 
18 
28 
23 
20 
50 

13 
12 
12 
13 
11 
21 
25 
14 
37 

15 
13 
14 
15 
14 
21 
22 
17 
35 

17 
13 
14 
13 
12 
22 
21 
14 
30 

14 
15 
13 
16 
11 
23 
23 
16 
33 

13 
U 
12 
15 
11 
20 
18 
18 
30 

11 

1907 

n 

1908 

u 

1900 

14 

1910 

1 

1911 

u 

1912 

IS 

1913 

s 

1914 

8 

Total 

in 

IK 

105 

106 

104 

206 

100 

158 

166 

156 

163 

153 

141 

Pot  cionto 

41 

44 

47 

47 

47 

40 

48 

38 

40 

37 

80 

37 

as 

AAos. 

14 

15 

16 

17 

18 

10 

20 

21 

22 

23 

31 

Total 

1900 

15 
12 
12 
16 
0 
10 
20 
20 
35 

15 

23 
37 

15 
13 
11 
16 
13 
22 
10 
22 
31 

15 
11 
0 
16 
15 
21 
20 
10 
36 

14 
0 
0 
21 
17 
18 
23 
15 
41 

15 
11 
12 
21 
18 
16 
25 
17 
35 

15 
0 
10 
10 
30 
16 
33 
22 
38 

17 
14 
21 
21 
18 
16 
36 
10 
38 

15 
10 
14 
20 
14 
16 
31 
18 
84 

g 

13 
16 
30 
18 
27 
18 
38 

0 
13 
12 
13 
18 
23 
25 
14 
41 

387 

1907 

271 

1908 

341 

1900 

315 

1910 

346 

1911 

5QS 

1912 

561 

1913 

451 

1914 

015 

TotaL 

158 

151 

161 

162 

167 

170 

101 

200 

172 

175 

168 

4.1M 

Por  clento... . ...... 

88 

36 

30 

30 

40 

41 

46 

48 

41 

42 

40 

1,006 

Lluvia  en  mm,  en  McmUevideo—Periodo,  1901-1914- 


Mesos  7  estaoioDOs. 

Total 

medio 

menaual. 

Ntbnero 

medio  de 

dlascon 

lluvia  de 

imill- 

metros 

mAs. 

Nt)mero 
medio  de 
dlasooD 
lluvia 
inferior 
almiU- 
metro. 

Mayor 

cantidad 

en  el 

mea. 

Mayor 

cantidad 

enun 

dia. 

Mayor 

cantidad 

en  una 

hora. 
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FORECASTS  OF  RIVER  STAGES  AND  FLOODS  IN  THE  OHIO 
VALLEY;  THEIR  IMPORTANCE  TO  COMMERCE  AND  IN  CON- 
SERVING  LIFE  AND  PROPERTY. 

By  W.  O.  DEVEREAUX, 
Local  Forecaster,  United  States  Weather  Bureau,  Cincinnati,  Ohio, 

A  cycle  of  changes — Three  steps  in  tJie  natural  development  of  the  river  fore- 
casting service — The  growth  and  extension  of  the  river  services  in  the  Ohio 
YaUeu — Physical  features  of  the  Ohio  Basin — Placing  the  river  and  rain 
gages — River  observations  and  reports — Forecasting  the  change  and  Jidght 
of  the  rivers — Distribution  of  the  reports  and  forecasts — The  value  of  the 
river  forecasts  and  warnings  in  the  Ohio  Valley, 

The  cycle  of  changes  which  takes  place  from  the  time  the  drops  of  water 
leave  the  ocean  in  the  form  of  water  vapor  until  they  return  to  the  ocean 
through  the  rivers  may  be  divided  into  two  parts.  The  first  part  includes  that 
portion  of  the  cycle  beginning  with  the  evaporation  of  the  water  at  the  surface 
of  the  ocean,  and  ending  with  the  disposal  of  the  precipitation  on  the  surface 
of  the  earth.  The  second  part  includes  that  portion  beginning  with  the  move- 
ment of  the  water  on  the  surface  of  the  earth  and  ending  with  the  water 
passing  out  through  the  mouth  of  the  river  to  its  home  in  the  ocean.  The 
development  of  each  phase  of  the  cycle  proceeds  in  a  similar  way — from  the 
ond  toward  the  beginning.  The  precipitation  was  first  measured,  then  knowl- 
edge was  obtained  of  the  laws  governing  the  movements  of  the  air,  which 
<!arries  the  water  vapor,  and  later  the  insolation,  which  causes  the  evaporation, 
was  studied.  The  river  service  first  establishes  river  gauges  on  the  large  rivers, 
then  on  the  tributaries,  and  later,  precipitation,  run-off,  and  stream  flow  are 
considered. 

There  are  at  least  three  well-defined  steps  in  the  development  and  growth 
of  the  river  and  fiood  service  in  the  Ohio  Valley.  The  first  one  consists  In 
calculating  the  rate  of  rise  and  the  height  of  the  water  at  the  various  places 
Along  the  river  after  the  height  has  been  measured  at  the  gauging  stations  in 
the  upper  portion  of  the  watershed.  To  do  this  it  is  necessary  to  receive  reports 
promptly  by  telegraph  or  telephone  from  the  uprlver  stations,  to  know  the 
relationship  between  the  various  gauges  under  varying  conditions,  to  know  the 
time  of  the  water  travel  for  every  stage,  and  to  know  the  effects  of  the  tribu- 
taries, if  any.  The  length  of  time  in  advance  which  the  height  of  the  gauge 
can  be  forecast  for  any  particular  station  depends  on  the  distance  that  station 
may  be  below  the  gauging  stations  farthest  up  the  rivers.  At  stations  one  day 
water  travel  down  the  river  the  forecast  can  safely  be  made  for  one  day  in 
advance,  at  stations  two  days  water  travel  the  forecast  can  be  extended  to  two 
days,  etc.  This  method  is  the  most  reliable  one,  and  shall  probably  always 
•continue  as  the  principal  basis  on  which  definite  river  forecasts  are  made. 

The  second  step  in  the  development  of  the  river  service  is  reached  when  the 
liighest  stage  of  the  river  can  be  forecast  as  soon  as  the  rain  has  fallen  over 
the  watershed.  This  includes  not  only  a  consideration  of  the  proportion  of  the 
rainfall  that  enters  the  streams,  but  also  a  knowledge  of  the  stream  flow  in 
the  tributaries,  as  both  of  these  factors  determine  the  stream  height  in  the 
lower  stretches  of  the  river.  The  rainfall  is  disposed  of  in  two  ways — by 
evaporation,  either  directly  or  through  vegetation,  and  by  run-off,  the  water 
passing  over  the  surface  of  the  earth  or  through  the  soil  to  the  stream.  Neither 
the  nature  of  the  soil  nor  the  topography  of  the  drainage  basin  has  much 
influence  on  the  annual  or  even  the  monthly  run-off  of  a  river,  but  both  are 
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trnportant  factors  in  determining  the  rate  of  ron-ofT  and  the  gage  height.  The 
relation  of  the  rainfall  to  run-off  and  stream  height  is  a  most  complicated 
problem,  as  the  modifying  conditions  are  numerous  and  the  relatlTe  impor- 
tance of  each  varies  so  greatly  that  no  general  and  constant  r^ation  exists, 
but  in  each  specific  case  the  dominating  factors  can  be  quite  dearly  realised 
and  apiM-edated  even  if  the  results  can  not  be  determined  by  a  mathematical 
formula.  The  Weather  Bureau  at  the  present  time  is  giving  most  serious  con- 
sideration to  the  question  of  relationship  between  rainfall  and  run-off,  as  it  is 
in  this  field  that  the  development  of  the  river  service  lies.  Some  cities  are  so 
near  the  headwaters  of  the  rivers  that  a  rise  in  the  river  begins  to  afSect  tiie 
localities  where  the  cities  are  located  almost  as  soon  as  the  wnXet  can  be 
measured  in  the  river,  and  even  at  places  on  the  main  stream  it  is  necessary  tor 
the  forecaster  to  know  as  far  in  advance  as  possible  the  approximate  amount  of 
water  which  will  come  out  of  each  tributary  and  will  be  added  to  the  rise 
coming  from  above. 

The  third  step  in  the  development  of  the  river  service  will  be  reached  -when 
the  forecaster  can  calculate  the  future  height  of  the  water  for  ea<di  station 
in  his  district  as  soon  as  the  storm  appears  on  the  weather  map.  As  far  as 
known  no  attempt  is  being  made  at  the  present  time  to  do  this,  and  as 
the  problems  are  numerous  and  very  complex  it  possibly  will  never  be  at- 
tempted, but  it  is  impossible  to  be  sure  of  what  the  future  may  hold.  How- 
ever, it  is  safe  to  say  that  the  principal  basis  for  river  f (H^casts  will  be  measur- 
ing the  stream  heights  and  making  certain  allowances  for  additional  run-off 
and  possibly  for  additional  rainfalL 

Before  the  river  and  flood  service  was  organized  in  the  early  seventies,  thoe 
were  only  a  few  gauges  on  the  Ohio  River  and  practically  none  on  the  tribu- 
taries. In  the  early  days  when  the  water  rose  in  the  upper  part  of  the  river 
the  newspaper  reporters  at  the  various  towns  or  the  agents  of  the  riv^  in- 
terests would  measure  the  height  the  river  rose  during  the  day  or  night,  or 
the  height  it  was  above  some  well-known  marks  along  the  river,  and  telegraph 
this  information  to  places  farther  down  the  river.  Each  person  who  received 
the  information  would  then  "forecast"  the  probable  height  of  the  river  for 
his  town,  and  there  were  nearly  as  many  different  estimates  as  there  w&e 
persons  who  received  the  information.  The  two  most  frequent  errors  under 
this  system  were,  first,  that  the  newspaper  reporter  would  report  a  greater  rise 
than  actually  occurred  in  order  to  make  a  **  story,**  and,  second,  the  riv^  men 
would  expect  as  great  a  rise  at  places  down  the  river  as  occurred  at  stations 
up  the  stream,  not  allowing  for  the  increased  size  of  the  river  and  the  spread- 
ing out  of  the  rise. 

When  the  river  and  flood  services  were  first  organized  in  the  Ohio  Valley 
the  only  work  attempted  was  the  forecasting  of  floods  for  the  cities  where  the 
district  centers  were  located.  Gauges  were  located  at  other  points  to  furnish 
the  information  on  which  the  river  forecasts  were  made  for  the  district  center. 
Later,  forecasts  of  high  water  and  floods  were  made  for  all  the  large  places 
on  the  river,  and  especially  at  those  cities  where  gauges  were  located.  The 
service  has  been  gradually  extended  until  at  the  present  time  daily  forecasts 
of  the  river  stages  are  made  for  all  portions  of  the  navigable  rivers,  and  warn- 
ings of  high  water  and  floods  are  made  for  all  portions  of  all  the  rivers. 

With  the  exception  of  the  great  Mississippi  Basin  of  which  the  Ohio  is  a 
part,  the  drainage  area  of  the  Ohio  River  contains  within  its  borders  a  greats 
diversity  of  climate,  t(^x>graphy,  and  geology  than  is  found  in  any  other  basin 
in  the  United  States.  It  extends  from  near  the  shores  of  Lake  Erie  in  New 
York  State,  where  the  winters  are  often  quite  severe,  to  northern  Alabama 
and  within  800  miles  of  the  Qulf  of  Mexico.    The  average  annual  rainfaD 
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ranges  from  85  inches  in  the  northern  portion  to  double  that  amount  along: 
the  sontheastem  border.  Portions  of  the  valley  are  nearly  flat,  while  other 
portions  are  rough  and  mountainous.  The  slopes  of  the  principal  rivers  vary 
from  one-tenth  of  a  foot  a  mile  to  12  feet  or  more  a  mile.  The  rock  floor  of 
the  valley  at  places  is  more  than  100  feet  below  the  bed  of  the  river,  while  at 
other  places  the  water  runs  across  the  rock  shelves.  The  total  length  of  the- 
Ohio  and  Allegheny  Rivers,  the  Allegheny  in  reality  being  the  upper  portion 
of  the  Ohio,  is  1,292  miles,  and  the  total  drainage  area  is  210,000  square  miles. 
The  Allegheny  rises  at  an  elevation  of  about  2,500  feet  above  sea  level  and  the- 
Ohio  empties  into  the  Mississippi  at  an  elevation  of  270  feet,  and  the  head- 
waters of  some  of  the  tributaries  are  more  than  5,000  feet  above  sea  leveL  For* 
tunately  for  the  flood  conditions  the  rain  storms  move  up  the  valley,  and  a 
portion  of  the  flood  water  passes  down  the  river  ahead  of  the  flood  water  from^ 
the  upper  tributaries.  If  it  were  possible  for  a  heavy  rainstorm  to  move  slowly 
down  the  valley  at  about  the  rate  the  stream  flows,  the  accumulation  of  water 
tn  the  lower  stretches  of  the  river  might  cause  a  greater  flood  than  has  ever 
occurred. 

The  proper  distribution  of  the  river  gauges  along  the  river  is  of  primary 
Importance  in  the  work  of  forecasting  the  river.  The  gauges  should  be  placed,. 
If  possible,  so  that  they  are  24, 12,  or  6  hours  stream  flow  apart  at  moderately 
high  stages  under  average  conditions;  that  is,  so  placed  that  it  takes  the 
water  24,  12,  or  6  hours  time  to  flow  from  one  station  to  the  next.  Where* 
the  stream  flow  is  rapid — say  8  miles  an  hour,  as  in  the  mountain  districts — 
the  stations  should  be  about  6  hours'  flow  or  48  miles  apart.  Where  the  stream^ 
flow  averages  4  miles  per  hour,  as  in  the  Ohio  River  through  the  Cincinnati 
district,  the  stations  should  be  12  bours  flow  or  about  48  miles  apart,  while- 
farther  down  the  stream,  where  the  river  is  larger  and  the  flow  slower,  the^ 
stations  may  be  24  hours'  flow  apart  for  forecasting  purposes. 

It  is  also  important  to  have  the  river  gauge  located  near  the  telegraphi 
office,  as  the  reports  must  be  promptly  transmitted  to  the  district  center  if  they 
are  to  be  used  in  making  the  river  forecasts.  At  least  one  gauge  on  each 
tributary  should  be  located  as  far  up  the  stream  as  possible.  The  zero  of 
all  gauges  should  be  at  the  bottom  of  the  flowing  stream,  and  not  at  the^ 
bottom  of  the  river  if  there  happens  to  be  a  depression  in  the  river  bed  at 
the  point  where  the  gauge  is  located.  River  r^;>orts  needed  for  forecast 
work  differ  from  those  needed  in  hydraulic  engineering;  the  one  is  interested 
in  the  extremes,  the  other  in  averages.  The  river  forecaster  wishes  to  know 
the  highest  gauge  reading  and  the  largest  stream  flow  during  the  day,  while 
the  hydraulic  engineer  usually  desires  the  total  discharge  for  the  day  or  the 
average  for  the  month.  A  statement  giving  the  daily  or  annual  discharge  of 
a  river  is  of  very  little  value  to  the  forecaster.  The  high  water,  which  is^ 
usually  the  waste  water  to  the  hydraulic  engineer,  is  the  all-Important  factor 
to  the  river  forecaster.  For  these  reasons  the  forecaster  places  his  gauge,, 
if  there  is  only  one  on  the  tributary,  far  up  the  stream,  while  the  engineer 
places  his  in  the  lower  portion  of  the  river  or  near  its  mouth. 

Rain  gauges  should  be  located  at  all  river  stations,  and  at  other  favorable 
locations  throughout  the  basin,  to  obtain  as  mifch  information  as  possible 
of  the  rainfall  over  the  watershed.  More  gauges  are  needed  in  the  mountain 
region  than  in  the  level  country. 

At  all  of  the  principal  river  stations  in  the  Ohio  Valley  the  river  gauges, 
are  read  and  the  precipitation  measured  each  morning,  and  the  reports  are- 
telegraphed  to  the  district  centers.  At  the  smaller  river  stations,  mostly 
on  the  tributaries,  the  reports  are  not  telegraphed  unless  the  river  is  rising 
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rapidly  or  the  rainfall  has  been  heaTj.  These  reports  are  not  needed  for  fore- 
cast work  under  ordinary  conditions.  If  heavy  rain  falls,  or  the  river  rises 
rapidly  at  any  station  aft^  the  morning  observations  are  made,  special 
<)bservations  are  taken  and  inmiediately  telegraphed  to  the  district  center, 
or  the  forecaster  may  call  for  special  observations  at  any  time  if  they  aie 
needed  in  his  forecast  work. 

As  rapidly  as  the  reports  are  received  the  information  is  entered  on  a 
form  which  contains  the  names  of  the  stations  arranged  according  to  their 
location  in  the  valley,  beginning  with  the  station  nearest  the  headwaters. 
The  form  has  blank  columns  for  entering  the  river  stage,  the  change  at  the 
time  of  observation,  the  amount  of  change  in  24  hours,  the  rainfall,  and  the 
state  of  weather.  The  river  reports  entered  on  a  bulletin  have  been  found 
more  convenient  for  rapid  forecast  work  than  when  entered  on  a  chart.  The 
forecaster  must  know  in  advance  the  geographic  location  of  each  station  and 
the  distance  between  stations — ^information  shown  on  a  chart  and  not  shown 
In  a  bulletin.  In  addition  to  the  river  bulletins  hydrographs  of  the  daily  river 
stages  are  sometimes  prepared. 

As  a  basis  for  making  the  forecasts  of  the  gauge  heights  and  changes  along 
the  Ohio  River,  certain  stations  favorably  located  are  used  as  index  stations. 
For  example,  along  the  middle  portion  of  the  Ohio  River  the  index  stations  are 
Parkersburg,  Point  Pleasant,  Portsmouth,  and  Cincinnati.  Under  normal  con- 
ditions at  stages  between  80  and  40  feet  about  two-thirds  of  the  rise  or  fall  at 
the  upper  station  will  show  at  the  next  station  in  24  hours.  This  time  Interval 
increases  at  the  lower  stages  and  decreases  at  hi^i^  stages.  Many  other  factors 
must  also  be  considered  in  making  the  forecasts.  If  the  gauge  at  the  uiq>er 
station  is  considerably  higher  than  at  the  lower  station,  both  the  rate  and 
amount  of  rise  will  be  Increased  at  the  lower  station,  and  the  amount  of  water 
coming  out  of  the  tributaries  may  greatly  change  the  rate  of  rise.  It  is  very 
important  for  the  forecaster  to  fully  understand  the  significance  of  each  gauge 
height  on  the  tributaries.  Because  of  the  difference  in  slope,  the  width  of  the 
rivers,  and  other  physical  features,  the  gauge  height  at  one  place  has  an  en- 
tirely different  meaning  than  the  same  gauge  height  has  at  another  place. 
Where  the  river  is  broad  or  the  slope  steep  a  rise  of  a  few  feet  on  the  gauge 
represents  a  large  increase  in  the  amount  of  water  that  is  being  carried  into 
the  main  stream,  while  the  same  rise  in  a  sluggish  stream  where  the  channel 
is  narrow  would  hardly  be  noticed  in  the  main  stream.  Even  on  the  same 
stream  conditions  often  vary  greatly  at  the  different  gauges.  According  to 
measurements  made  by  the  United  States  Geological  Survey  in  1909  when  the 
gauge  read  4.86  feet  at  Radford,  Va.,  on  the  New  River,  on  June  22,  and  the 
width  of  the  river  was  547  feet,  the  discharge  was  4,050  second-feet,  while 
farther  down  the  river  at  Fayette,  W.  Va.,  on  June  26,  when  the  gauge  read 
4.24  feet  and  the  width  of  the  river  was  only  207  feet,  the  discharge  was  6320 
second-feet,  or  70  per  cent  greater  than  at  Radford,  where  the  gauge  was  prac- 
tically the  same  height  and  the  river  much  wider.  The  greater  volume  of 
water  passing  Fayette  was  due  to  the  increased  velocity  of  the  stream.  Even 
At  the  same  station  the  discharge  is  not  uniform  as  it  is  greater  when  the  river 
is  rising  than  when  falling  at  similar  readings,  as  the  river  slope  is  greater. 

In  making  allowance  for  the  effect  of  the  tributaries  on  the  height  of  the 
water  in  the  Ohio  River  careful  consideration  must  be  given  to  the  season  of 
the  year,  the  condition  of  the  soil  over  the  watershed,  and  the  present  height  of 
the  Ohio  River.  During  the  winter  and  spring  months  a  certain  amount  of  rain- 
fall will  cause  a  much  greater  run-off  than  the  same  amount  of  rainfall  would 
during  the  summer  months,  also  the  run-off  is  considerably  greater  from  a  wet 
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soil  than  from  a  dry  soil.  A  decided  rise  In  a  tributary  will  have  comparatlyely 
little  effect  on  a  high  stage  in  the  Ohio,  but  a  similar  rise  will  have  considerable 
effect  on  a  low  stage. 

Forecasting  the  river  stages  is  not  a  problem  in  dynamics  to  be  solved  theo- 
retically, because  the  important  factors  are  many  and  conditions  are  never 
twice  the  same.  Even  If  It  were  possible  to  solve  all  of  these  factors  by 
mathematical  equations  the  forecaster  has  neither  the  time  nor  the  opportunity 
to  do  this  work,  as  it  must  be  done  quickly.  The  river  forecaster,  like  the 
weather  forecaster,  must  know  his  subject  thoroughly,  and  be  able  to  fully 
appreciate  the  importance  of  each  controlling  factor  not  as  a  separate  unit, 
but  as  a  part  of  the  whole. 

The  ultimate  value  of  all  forecasts  depends  not  only  on  the  accoracy  of  the 
forecast  but  also  on  the  effective  distribution  of  the  informatfon.  As  soon  as 
the  river  forecasts  are  completed  the  river  bulletins  are  printed,  either  as  a 
separate  bulletin  or  as  a  part  of  the  weather  map,  and  distributed  by  mail  to  all 
river  interests.  These  bulletins  are  delivered  about  11  a.  m.  in  the  cities 
where  the  district  centers  are  located,  and  early  in  the  afternoon  in  outside 
places.  The  bulletins  and  forecasts  are  also  telegraphed  to  other  cities,  where 
they  are  posted  and  are  published  in  the  afternoon  papers  for  the  benefit  of 
the  public. 

Flood  warnings  are  given  the  fullest  possible  distribution.  Besides  being 
distributed  in  bulletin  form  and  through  the  dally  press,  a  list  is  maintained  in 
the  Cincinnati  office,  giving  the  name  and  telephone  number  of  every  business 
firm  in  the  flood  zone,  and  each  firm  is  advised  by  telephone  of  the  approach  of 
the  flood,  the  rate  of  rise,  and  the  probable  height  each  day  during  the  next 
three  days.  The  city  policemen  on  duty  in  the  high-water  zone  are  given  copies 
of  the  warning,  and  it  is  made  a  part  of  their  duty  to  call  at  each  house  and 
advise  the  occupants  of  the  coming  flood.  In  each  dty,  town,  and  village  out- 
side of  Cincinnati  there  is  a  flood-warning  dl£{trlbutor,  whose  duty  it  is  to  dis- 
tribute the  flood  warnings  to  every  person  who  lives  in  or  lias  pnq;)erty  in  the 
high-water  zone  in  that  town  and  the  adjoining  country. 

No  attempt  will  be  made  to  compile  statistics  showing  the  number  of  lives 
saved  or  the  money  value  of  the  property  protected  by  the  flood  warnings.  As 
a  rule,  not  many  lives  are  greatly  endangered  by  the  floods  in  the  Ohio  Valley. 
The  great  flood  in  the  Miami  Valley  in  1913  was  one  of  the  exceptions*  It  is 
sometimes  difficult  to  get  people  to  heed  the  flood  warnings  and  leave  the  en- 
dangered district,  and  at  times  city  authorities  have  found  it  necessary  to 
compel  a  few  people  to  move  to  a  place  of  safety.  The  business  man,  as  a 
rule,  promptly  begins  to  move  or  protect  his  property  upon  receipt  of  a  flood 
warning.  This  property  is  of  every  sort  and  description.  A  large  amount  of 
floating  property  on  the  river,  such  as  boats  of  every  description,  barges,  rafts, 
etc.,  must  be  protected ;  merchandise  of  every  description  in  stores,  depots,  and 
warehouses  must  be  moved ;  heavy  machinery  in  factories  and  foundries  must  be 
raised,  and  furniture  in  offices  and  residences  must  be  moved.  Traffic  on  the 
railroad  and  street  car  lines  is  suspended,  as  the  water  rises  over  the  tracks ; 
telegraph  or  telephone  offices  are  moved  or  closed,  and  the  whole  life  along  the 
river  is  disorganized  during  a  big  flood.  The  river  forecaster  tells  all  of  these 
numerous  business  interests  when  and  how  far  to  move  their  property. 

Then  comes  the  period  of  waiting  while  the  water  is  at  its  highest  stage, 
and  then  the  slow  return  of  the  river  to  its  banks.  The  forecasts  of  the  falling 
river  are  watched  nearly  as  closely  as  those  of  the  rising  river,  as  the  business 
man  is  anxious  to  move  back,  clean  up,  and  open  his  store  or  factory  again. 
The  river  forecaster's  office  is  a  very  busy  place  daring  the  time  of  a  flood  in 
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the  Ohio  RiTor.  During  two  days  of  the  flood  of  1913  over  10,000  t^ephooe  re> 
quests  for  river  and  weather  information  were  answered  in  the  Clncimiati  offleCr 
about  1,000  of  these  being  long-distance  calls,  and  this  was  only  a  compara- 
tively small  portion  of  the  work  done  there. 

Of  second  importance  only  to  the  flood  warnings  are  the  daily  river  forecasts 
when  the  river  is  at  a  comparatively  low  stage.  The  entire  Ohio  River  and  por- 
tions of  several  of  the  tributaries  are  navigable,  and  many  boats  are  con- 
stantly passing  up  and  down  the  rivers.  The  changes  in  the  height  of  Uie 
water,  especially  at  low  stages,  determine  to  a  large  extent  the  movanent  of 
many  of  these  boats.  Large  fleets  of  loaded  coal  barges  are  collected  in  the 
Kanawha  pools  during  periods  of  low  water  and  sent  down  the  Ohio  on  the  first 
rise.  It  is  necessary  for  the  coal  companies  to  know  in  advance  when  tlie  rise  Is 
cmning  so  as  to  have  the  fleets  ready  to  go  out  on  the  rise,  as  tomorrow  is  fre- 
quently too  late.  In  the  lumbering  districts  on  the  tributaries  the  lumbermen 
must  be  advised  of  the  coming  freshets  so  as  to  be  ready  to  bring  their  logs 
down  the  river  during  a  favorable  rise. 

In  order  to  maintain  a  0-foot  stage  of  water  during  the  low-water  season  a 
system  of  53  movable  dams  has  been  adopted  for  the  Ohio  River.  Sixteen  of 
the  dams  are  now  completed  and  in  operation,  and  18  others  are  und^  construc- 
tion' at  the  present  time.  There  are  also  04  movable  dams  and  locks  on  the 
tributaries.  The  intelligent  operation  of  these  dams  requires  the  greatest  possi- 
ble refinement  in  forecasting  the  daily  changes  in  the  flow  of  the  water.  When 
the  dams  are  down  and  the  river  is  falling  and  will  continue  falling  for  several 
days,  the  lock  master  at  each  dam  must  begin  at  just  the  right  time  to  raise 
the  wickets,  and  he  must  raise  them  at  Just  the  right  rate  so  as  to  fill  the  pool 
with  water,  but  without  causing  such  a  low  stage  of  water  below  the  dam  that 
navigation  wilhbe  interfered  with  or  stopped.  If  the  river  is  going  to  stop 
falling  and  begin  to  rise  before  a  0-foot  stage  is  reached,  the  wickets  should  not 
be  put  up,  as  a  sudden  rise  would  flood  the  dam,  in  which  case  the  wickets  could 
not  be  lowered ;  while,  on  the  other  hand,  if  the  river  is  allowed  to  fall  nearly 
to  the  0-foot  stage  before  the  wickets  are  raised,  it  is  impossible  to  fill  the  pool 
and  at  the  same  time  maintain  a  0-foot  stage  below  the  dam.  When  the  dams 
are  up  and  a  rise  is  coming  down  the  river,  the  lock  master  must  be  advised  of 
the  approach  of  this  rise  and  the  amount  of  the  sama  If  the  rise  is  small 
and  does  not  exceed  the  12-foot  stage,  the  bear  traps  are  opened  or  a  few  of 
the  wickets  are  lowered  to  let  the  rise  pass,  but  if  the  rise  will  exceed  the  12-foot 
stage  all  of  the  dam  must  be  lowered.  If  the  dam  is  flooded  before  all  of  the 
wickets  are  lowered,  they  stick  up  in  the  bottom  of  the  river  and  form  a  most 
serious  obstruction  to  navigation.  As  the  changes  at  the  dams  control  to  a 
certain  extent  the  stream  flow,  it  is  necessary  for  the  forecaster  to  be  advised 
of  these  changes  before  they  are  made  so  as  to  make  allowance  in  his  forecasts 
for  the  change  in  the  amount  of  water  flowing  in  the  stream.  As  it  often  requires 
a  day  or  more  time  to  raise  the  wickets  at  a  dam  and  several  hours  to  lowor 
tliem,  and  as  these  changes  should  be  made  when  the  river  stage  is  between  0 
and  12  feet,  the  river  forecasts  are  of  the  utmost  importance  in  the  effective 
operation  of  the  dams.  At  the  dams  under  construction  the  low-water  river  fore- 
casts are  of  great  importance. 

These  are  a  few  of  the  more  important  phases  of  the  river  and  flood  service 
of  the  United  States  Weather  Bureau  in  the  Ohio  Valley. 
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TESIS  SOBRB  METEOROLOGfA  AGRfCOLA. 

Por  LUIS  G.  TUFlSO, 
Director  del  Ol)servatorio  Astrondmico  y  Meteoroldgico  de  Quito. 

Las  yariaciones  de  los  dlferentes  elementos  atmosf^ricos,  en  cada  pais,  no 
«on  las  mismas,  dependen  de  los  lugares  en  que  se  las  observa.  Cierto  que, 
segiin  el  relieve  de  los  territorios,  tales  yariaciones  pueden  extenderse  a  cientos 
■de  kiI6metros  cuadrados  de  superflcie;  pero  la  ciencia  ha  ya  resuelto  toda 
dlficultad,  estableclendo,  de  preferencla,  estaclones  meteorol6gicas  en  los 
lugares  que  se  prestan  a  la  agricultura. 

Nadie  duda  que,  de  las  yariaciones  de  la  temperatura  del  aire,  de  la  humedad, 
de  la  presi6n  atmosf^rica,  de  la  lluvia,  etc.,  y  de  las  relaciones  de  dicho? 
€lementos  entre  sf,  dependen  los  intereses  agrfcolas  de  una  naci6n,  por  la 
influencia  directa  de  la  lluvia,  la  presi6n  atmosf^rica,  la  humedad  y  la  tem- 
peratura tienen  sobre  el  desarrollo  de  los  vegetales. 

La  vida  ffsica  del  elemento  s61ido  es  inseparable  de  la  del  elemento  Ifquido, 
asf  como  tambi<5n  de  la  vida  de  la  atm6sfera;  pues,  de  lo  contrarlo,  en  la 
superflcie  libre  de  los  territorlos,  la  que  podrfa  llamarse  sona  de  contacto,  no 
se  manifestarfan  Jamds  los  fen6menos  de  penetraci6n  y  reacci6n  recfprocas 
^e  dichos  elementos.  Por  esto  que  toda  vida  orgfinica  presupone  necesariamente 
complejidad  de  vida  entre  los  elementos  s<51ldo,  Uquido  y  atmosf^rico;  y  por 
«llo  tambi^n  las  geograf fas  ffsica  y  biol6gica  son  inseparables  entre  sf.  Sabido 
es  que  no  hay  vegetaci6n  sin  la  penetracWn  constante  del  apua  y  del  aire  en 
las  capas  terrestres  y  que  no  se  concibe  vida  en  los  mares  sin  las  sales  y  los 
gases  disueltos  en  el  agua. 

Si  sobre  estas  cuestiones  la  ciencia  ha  emitido  un  fallo  favorable,  no  hay 
necesidad  de  poner  en  evidencia  cada  uno  de  los  puntos  que  preceden.  Fundfin- 
donos  mds  bien  en  esto,  nos  es  honroso  presentar  a  la  consideraci6n  del  Segundo 
Oongreso  Clentfflco  Pan-Americano  de  Washington,  un  estudio  sobre  la  impor- 
tancia  de  la  meteorologia  agricola  y  la  necesidad  de  organizar  un  servicio 
telegrdflco,  relacionado  con  el  tiempo,  para  que,  aprobndo  que  fuere  por  el 
Congreso,  ^te  mismo  se  sirva  encarecer  a  todos  los  Goblemos  el  establecimiento 
de  tantas  estaclones  meteorol6glcas  cuantos  sean  los  lugares  en  que  los  Intereses 
agrfcolas  lo  demanden. 

Reseflando  cada  uno  de  los  elementos  atmosf^ricos  tocante  a  su  influencia 
directa  sobre  las  plantas,  se  vendrd  en  conocimiento  del  m^todo  que  debe 
seguirse  en  las  comunicaciones  telegrdflcas.  De  este  modo  la  ciencia  se  en- 
cargard  del  estudio  de  los  resultados  recogidos  en  las  estaclones,  para  ofrecerlos 
luego  a  la  agricultura. 

Clima, — Hemos  de  considerar  el  clima  bajo  dos  puntos  de  vista: 

!•  Por  cuanto  sirve  para  determinar  el  estado  medio  de  la  atm6sfera  en  un 
punto  de  la  superflcie  terrestre ;  y 

2*  Porque  se  trata  de  un  conjunto  de  fen6menos  que  se  relaclonan  entre  sL* 

El  campo  Imenso  que  se  abre  a  la  observaci6n  de  la  naturaleza  con  el  estudio 
de  cada  uno  de  los  elementos,  como  son  temperatura,  viento,  humedad,  lluvia, 
se  halla  sin  embargo  clrcunscrito  por  leyes  ffsicas  experimentales  que  establecen 
correlaciones  tan  fntimas  entre  los  factores  del  clima,  que  dan  a  cada  pafs  su 
flsonomfa  propla,  por  lo  variado  de  la  vegetaci6n  y  por  lo  desarrollado  de  ella 
en  unos  lugares  mds  que  en  otros.  La  agrupacl6n  de  los  fen6menos  climdticos 
cae  baJo  el  dominio  de  la  geograffa  regional,  y  estriba,  por  lo  mismo,  en  el 
estudio  de  la  ciencia  de  los  fendmenos  fisicos,  que  manifiestan  la  actividad  super' 

^Hawn  (8).    Handbodi  der  KUmatoIogte. 
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ficial  del  globo,  eoruideradoM  bafo  el  punto  de  vUta  de  tu  extension  y  de  9m$ 
reacciane$  reciprooas.*  86I0  asf  podremos  comprender  la  extension  que  se  ha 
dado  a  la  geografia  fUica^  la  que  se  concreta  a  estudiar,  no  un  mundo  abstracto, 
slno  una  superfide  viviente;  no  las  ey^tualldades  que  traspasan  los  Ifmites  de 
la  raz6n,  slno  lo  que  realmente  acontece  jr  lo  que  constltuye  esa  especie  de  vlda 
fisica  en  la  superfide  del  i^obo  terrestre.' 

La  circulaci6n  del  agua  en  la  atm6sfera,  manifestada  por  las  nubes,  tempes- 
tades,  nieve,  rocfo,  etc^  tlene  por  causa  la  eyaporaci6n  de  las  masas  llquidas. 
A  estos  contrastes  de  la  naturaleza  se  unen  otros  no  menos  sorprendentes,  como 
las  varladones  de  la  temperatura  del  agua;  y  todo  esto,  en  una  capa  de  aire 
cuyo  espesor  mdximo  es  4,000  metros. 

Como  el  relieve  terrestre  presenta  sus  deslgualdades,  las  condidones  flsicas 
de  la  atnxtefera  tienen  tambi^n  que  ser  variables.  Por  esto  es  que  los  camblos 
periOdicos  tanto  de  la  temperatura  como  de  las  lluvias  y  de  los  vientos  se 
determinan  por  las  reacdones  de  la  hidrdsfera  y  de  la  lititefera ;  con  dependenda 
de  los  oc^nos,  la  distribuci6n  de  las  zonas  hdmedas ;  y  de  la  mayor  altura,  la 
rapidez  y  regularidad  de  los  movimientos  atmosf^icos.  En  las  deslgualdades 
de  la  superfide  terrestre  se  funda,  pues,  la  vida  fisica  de  la  que  nos  proponemos 
tratar;  por  tanto,  las  propiedades  diferentes  de  la  bidr6sfera  y  lit<3sfera,  pro- 
piedades  que  se  manifiestan  en  todos  los  fen6menos  de  la  vida  terrestre,  ser&n 
los  medios  con  que  manifestaremos  las  correladones  entre  la  vida  atmosfdrica 
y  la  vegetativa. 

Transformaciones  MuperficUUen. — ^La  Influencia  de  la  repartid6n  desigual  de 
las  tierras  y  de  los  mares  sobre  la  vida  de  la  atm6sfera  es  tal,  que  en  los 
estudios  de  climatologfa  y  meteorologia,  debemos  hallar  reladones  tan  fntimas 
como  las  que  se  dan  entre  la  geologia  y  la  morfologfa  terrestre. 

En  las  transformaciones  superficiales,  por  las  fuerzas  extemas,  est&  demos- 
trado  que  intervienen  los  movimientos  de  la  atmOsfera  y  de  la  hidrdsfera,  como 
fuentes  de  energfa,  ^stablecidndo6e  entre  los  elementos  de  la  zona  de  contacto 
derta  lucha,  debido  a  la  comblnaddn  de  unos  elementos  con  otros.  La  con- 
tinuidad  con  que  operan  la  atmdsfera  y  la  hidrdsfera  se  ve  por  las  reladones 
establecidas  entre  la  fisica  y  la  biologla.  Nada  diremos,  por  consiguiente,  de 
las  causas  inmediatas  de  la  influencia  de  los  elementos  atmosf^icos  entre  si; 
y  s6lo  nos  concretaremos  en  este  capitulo  a  explicar  la  importanda  de  algunos 
de  ellos  por  lo  que  se  reflere  a  la  meteorologfa  agricola. 

La  atmdsfera  es  una  pantalla  que  nos  evita  las  extremas  temperaturas,  por  la 
disminucidn  de  la  accidn  directa  de  los  rayos  del  sol  durante  el  dia,  y  por  la 
conservacidn  del  calor  necesario  durante  la  noche;  y  en  esta  inmensa  pantalla 
en  que  el  globo  se  halla  sumergido,  hay  un  elemento  que  ofrece  m&s  variabilidad 
o  propiedades  complejas,  cual  es  el  vapor  de  agua. 

Vapor  de  agua. — La  mayor  a  menor  abundanda  del  vapor  de  agua  en  el  aire, 
da  origen  a  fenOmenos  variadisimos  en  la  superfide  terrestre;  porque  los 
meteoros  higromdtricos  o  acuosos  caracterizan  el  desarrollo  de  los  seres  organi- 
zados,  tanto  en  la  vegetaddn  como  en  la  vida  y  crecimiento  de  los  animales. 
Sin  los  hidrometeoros  ^en  qud  se  convertiria  la  superfide  del  globo? 

Por  esto  es  que  el  aire  que  contiene  siempre  derta  cantidad  de  vapor  de  agua, 
desempefia  el  papel  mds  importante  en  el  proceso  de  la  vida.  Las  causas  de  la 
presencia  de  este  vapor  en  el  aire  sabemos  que  todas  se  radican  en  una  sola,  la 
evaporacidny  cuyos  manantlales  son  tan  abundantes,  como  son:  los  mares,  los 
rlos  y  riachuelos  en  los  continentes.  No  podemos  negar  por  lo  que  precede,  que 
la  humedad  no  sea  la  fuente  de  toda  manifestadOn  de  vida,  no  s61o  en  los  vege- 
tales  y  animales,  sino  tambidn  en  los  seres  inorg&nicos ;  y,  ademds,  que  no  sea 

*  B.  de  Martonne.    G^ographle  Pbysiqiie. 

*  HmnlKddt  y  Beclus. 
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el  factor  mfis  importonte  en  la  igaaldad  de  log  climas.  Esto  por  una  parte ;  por 
otra,  se  tlene  por  averiguado  que  la  humedad  atmosf^rlca  Influye  tambito  hasta 
en  la  forma  externa  de  los  vegetales  y  en  la  manera  de  su  propagacl6n ;  podrfa 
declrse  que  alii  donde  la  humedad  desaparece,  la  muerte  hace  su  agosto. 

L>a  humedad  unlda  al  calor  es  condici6n  Indispensable  para  el  desarrollo  y 
credmlento  de  la  mayor  parte  de  los  vegetales,  y  en  esto  conslste  la  tknlca 
raz^n  del  estudlo  de  las  yariaclones  t^rmlcas,  a  fin  de  que  los  cuerpos  todos  na 
sufran  ccinsecuencias  desastrosalk  en  su  organismo,  en  reglones  donde  dlchas^ 
yariaclones  apenas  sean  sensibles. 

Las  plantas  no  pueden  subsistir  sin  el  elemento  de  la  humedad;  pues  las 
diferentes  funclones  de  la  vida  yegetativa  asl  lo  requiere,  puesto  que  la  hume- 
dad fayorece  el  desarollo  del  aparato  yegetiyo.  Las  plantas  xer6filas  y  las 
higr6fllas  son  testimonio  eyldente  de  la  transformaci6n  parcial,  segdn  la  mayor 
o  menor  abundancia  de  agua,  por  la  experlencla  diaria  del  bot&nico,  quien  no 
86lo  reconoce  que  dichas  modificaciones  se  operan  sobre  las  formas  exterlores 
de  dichas  plantas,  sino  tambi^n  sobre  la  naturaleza  histol6glca  de  sus  tejidos. 
Si  en  esta  clase  de  plantas,  la  humedad  que  es  uno  de  los  elementos  que  estudla 
la  meteorologfa,  interyiene  t&nto,  qu6  diremos  de  las  que  son  acufiticas?  Con* 
Biderando  la  yida  de  las  plantas  al  aire  llbre,  demaslada  extensi6n  darfamos  a 
este  estudio,  si  todos,  cual  m&s  cual  menos,  no  supi^ramos  el  modo  c6mo  ellas 
se  desarrollan  y  los  diyersos  aspectos  que  toman,  segiin  el  grade  de  humedad  a 
que  se  las  sujeta.  Pero  este  grade  de  humedad  debemos  encontrarlo  al  estudiar 
las  condiciones  climat^icas  de  las  reglones,  atin  desde  el  punto  de  yista  fisiol6gica 
y  f fsico. 

Influencia  del  suelo, — ^La  accl6n  fisiol6gica  de  los  suelos  se  conoce  por 
las  propiedades  ffsicas  y  qufmicas  de  estos.  No  queremos  abordar  loa 
problemas  que  hoy  se  discuten  con  el  nombre  de  pedologia,^  porque  el  renom- 
brado  agr^nomo  Hilgard'  nos  tiene  manifestado  mAs  de  lo  que  dese&remoa 
en  este  sentido;  sin  embargo,  si  tomamos  en  cuenta  la  cohesion,  la  perme- 
abilidad  del  agua  y  del  aire,  la  capilaridad  y  la  capacidad  de  absorci6n  del 
agua,  unidas  estas  propiedades  ffsicas  a  los  elementos  minerales  necesario» 
para  que  la  mayor  parte  de  las  plantas  se  desarroUe  en  condiciones  fayorablea 
de  humedad  y  temperatura,  basta  para  demostrar  con  esto  la  importancia  del 
dima  como  factor  en  la  formaci<3n  de  los  suelos,  y  por  consiguiente,  en  el  desa- 
rrollo de  las  plantas  ^ue  tetos  pueden  produdr. 

En  efecto,  las  yariadones  de  la  temperatura  y  de  la  humedad  son  dos  de  los 
elementos  cllmat^ricos  que  nos  sacan  de  dudas.  En  las  reglones  frlas  sabemoa 
que  la  descomposid6n  qufmica  no  es  tan  activa  como  la  disgregaci6n  mec&nica, 
fayoredda  por  las  humedades;  en  las  calientes,  dicha  descomposid6n  siendo- 
m&s  r&pida,  los  suelos  para  la  agrlcultura  son  mAs  profundos,  como  sucede  ea 
los  palses  tropicales.  Esto  por  lo  que  se  reflere  a  la  temperatura ;  en  cuanto  a 
la  humedad,  es  Innegable  que,  cualqulera  que  sea  la  forma  con  que  se  mani- 
fleste  en  la  superflcie  del  globo,  influye  en  la  formaci6n  de  los  suelos.  DebidO' 
a  esta  causa,  la  descomposici6n  qufmica  es  actiya  en  los  climas  hdmedos. 

Cuanto  a  las  lluyias,  podemos  considerarlas  asf:  la  abundancia  de  ella» 
permite  el  arrastre  de  las  sales  solubles  necesarias  para  la  yida  de  las  plantas ; 
y  segdn  como  elias  est^n  distribufdas,  el  contraste  entre  suelos  de  reglones 
secas  y  hdmedas  es  tambi^n  ostensible.    Es  derto  que  la  acumulad6n  de  sales 

*  y^ase  Wolnys,  Forachongen  anf  dem  Gebiete  der  Agriknltnrphyilk.  Annmlei  agrono- 
miqiiei  (Franda) ;  GeoL  Surrey  (B.  U.  A.)  ;  La  PMologie  (Rotla). 

*  Soils,  tbeir  formation,  properties,  composition,  and  relations  to  dlmate  and  plant 
growth  in  the  humid  and  arid  regions.    London,  190S. 
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'60  sneloB  de  reglones  secas  es  perjndlcial  a  la  Tegetacldn  por  el  exceso  de  las 
lluvias ;  pero  tambite  es  cierto  que  la  homedad  favorece  la  formacltedel  hunraa, 
aobre  todo,  cuando  coincide  con  el  frfo.  De  aquf  que  el  humus  no  se  consldera 
como  una  causa  de  la  fertlUdad,  slno  como  una  consecuencia  de  ^sta,  puesta 
«n  obra  por  la  yegetacl6n. 

Previos  estos  antecedentes,  ya  se  podrfa  aseverar  en  este  punto  la  Impor- 
tancia  del  estudio  de  clertos.elementos  cllmat^lcos,  entre  otros,  las  corrlentes 
atniosf^ricas,  la  temperatura  y  la  humedad  %n  cualqulera  de  bus  manifesta- 
clones;  pero  nos  es  forzoso  setlalar  otros  puntos  mds,  relativos  a  la  asociadte 
•de  los  vegetales,  a  fin  de  acumular  mds  datos  en  favor  de  nuestra  tesls. 

A90ciacUin  de  log  vegetales. — ^Del  estudio  de  la  botdnlca  se  deduce  lo 
•que  sigue:  que  el  principle  de  la  asociacl^n  de  los  vegetales  no  es  por  una 
afinidad  sistemiltica  slno  por  una  afinidad  fi8iol6gica;  y  que  las  plantas 
asocladas  son  aquellas  que  se  acomodan  al  mismo  medio  ambiente  y  a  las  mismas 
<x>ndiciones  de  humedad,  de  calor  y  de  luz.  En  esto  se  fund6  Humboldt  para 
hacer  una  clasificaci6n  mds  bien  fision6mica  que  sistem&tica  de  los  vegetales. 

La  presi6n  del  aire  contribuye  a  la  mayor  robustez  y  fuerza  de  los  tallos 
y  troncos  de  los  vegetales,  e  Influye  tambi^n  en  las  formas  org&nicas  que  se 
hall  an  sujetas  al  suelo.  La  velocidad  y  direccidn  de  los  vientos  son  dos  cosaa 
-que  el  agrdnomo  debe  saber,  tanto  m&s  cuanto  que  las  corrlentes  amosfdricas 
son  las  que  determinan  o  no  la  prosperidad  de  desarroUo  de  los  vegetales. 

Consideremos  ahora  mds  en  detalle  la  Influencia  de  la  humedad  en  la 
forma  externa  de  muchas  plantas  para  hacer  resaltar  mejor  el  princlpio  de 
nsociaci6n  de  ell  as,  sin  olvldar  la  acci6n  del  calor  en  el  proceso  vital  de  la  flora 
en  los  diversos  paises. 

En  la  floraci6n  de  un  vegetal  no  se  atribuye  exclusivamente  el  fen6raeno 
biol6gico  a  la  accl6n  del  calor,  ni  debemos  comparar  los  Umltes  florestales, 
por  las  Ifneas  isotermas;  pues  hay  reglones  estensfsimas  que  se  hallan 
desprovistas  de  plantas  por  la  folta  de  humedad.  Nada  dlremos  de  la  manera 
c6mo  algunos  vegetales  dlsminuyen  la  evaporaci6n  en  tlempo  de  sequia,  del 
modo  c6mo  se  resguardan  otros  de  esta  mlsma  evaporacidn  por  la  solidlfica- 
ci<3n  y  enrollamlento  de  las  hojas;  nada  de  los  medlos  para  acumular  el 
agua  mediante  la  capa  esponjosa  que  retlene  la  humedad:  todos  estas 
funciones  son  conocldas;  y  de  aquf  que  s<31o  sea  indispensable  darse  cuenta 
del  estado  hlgromdtrlco  y  de  todas  las  caracterlsticas  especlales  de  la  humedad 
en  la  atm6sfera,  a  fin  de  apreciar  la  prolongada  sequfa  en  algunos  lugares 
y  los  efectos  del  exceso  de  humedad  en  otros. 

La  reparticl6n  de  las  lluvias  sobre  la  tierra  determina  m&s  o  menos  el  Ifmite 
de  clertas  formns  de  vegetacldn.  Y  ic6mo  determinar  entonces  los  lugares  en 
que  la  vegetaci6n  o  las  plantas  sean  pr6speras  en  su  desarrollo,  o  ricas  por  sua 
frutos,  si  no  se  conocen  antes  las  variaciones  del  estado  higromdtrico  en  la 
atm6sfera ;  si  no  se  estudia  la  calidad  de  las  lluvias  para  el  mayor  grado  de 
absorci6n  de  agua  por  los  vegetales? 

El  agua  y  el  desarrollo  de  las  plantas. — Como  prueba  vamos  a  Insertar  aqui 
uno  de  los  mejores  testimonios  que  pueden  darse  al  respecto,  y  es  el  del  Sr.  M. 
A.  Mayer.'  "La  proporci6n  de  agua  en  el  suelo,  dice,  ejerce  una  influencia 
muy  notable  sobre  el  nietabolismo  y  la  producci6n  de  semillas  en  los  plantas.** 
Y  efectu6  sus  experimentos  cultivando  plantas  en  suelos  cuya  humedad  era 
diferente,  pero  siempre  conocida  y  constante,  varlando  la  proporcl6n  del  10  ol 
96%  de  humedad,  o  sea  del  muy  seco  al  muy  h<imedo. 

.Ann  cuando  no  entremos  en  detalles  respecto  del  modo  c6mo  el  Sr.  M.  A. 
Mayer  llev6  a  cabo  sus  experimentos,  es  necesarlo  que  conozcamos  el  resultado 

*  Exp.  Sta.  Record,  No.  7,  YoL  X. 
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4e  Mob,  qae  paede  resumirae  asl:  Bn  general,  cuanto  m&s  seco  es  el  soelo, 
mayor  es  el  ntimero  de  semillas  y  la  cantidad  de  los  hldrocarbonados,  como  el 
alinld6n,  etc.,  que  produce  la  planta,  y  menor  la  producci6n  de  la  celulosa. 
Kn  un  suelo  htlmedo,  el  resultado  es  Invenso  del  anterior ;  es  declr,  que  la  pro- 
perdin de  la  celulosa  aumenta  en  cuanto  dlsmtnuye  la  de  los  hidrocarbonados ; 
aumenta,  por  consigulente,  el  desarroUo  yegetatlTO  y  dlsmlnuye  el  rendlmlento 
de  reservas  nntrlttvas  y  de  materia  reproductonu 

Este  resultado,  daro  est&t  se  ha  de  entender  respecto  de  una  mlsma  especle 
de  vegetaL 

Lo  que  nos  Interesa  saber  por  este  medio  es  dnicamente  el  hecho  de  la  im- 
portanda  del  agua  en  el  desarroUo  de  las  plantas;  y  que  los  progresos  de  la 
agronomfa  est^n  en  relad6n  con  los  de  la  meteorologfa,  o  mejor  dlcho,  que  de 
la  meteorologla  pueden  sacarse  consecuenclas  Importantes  para  el  fomento  de 
la  agricultura  en  todos  los  pafses. 

No  ser&  por  demlls  Insertar  tambidn  algo  acerca  de  la  temperatura  de  las 
plantas,  segdn  experimentos  liechos  en  Australia  por  Soutler,^  sirvi^ndose  de 
term6metros  de  cubeta  seca  y  de  cubeta  moJada«  Los  resultados  obtenidos  en 
el  bambti,  en  el  banano,  en  la  flor  del  cactus,  etc.,  muestran  la  relaci6n  que 
eziste  entre  la  temperatura  del  medio  amblente  y  la  de  las  plantas  mismas. 

Las  comprobadones  efectuadas  por  M.  Quns  en  el  Jardfn  Botdnico  de  Bruselas, 
relativas  a  la  Tegetad6n  precoz,  son  tambi^  dignas  de  tomarse  en  cuenta  para 
nuestro  aserto.  La  lista  que  M.  Quns  nos  propordona  de  la  floracidn  de  algunas 
plantas,  cuando  la  temperatura  es  suaye,  es  la  mejor  razdn  que  tenemos  para 
Indicar  la  influencia  de  la  temperatura  en  los  vegetales.  De  aquf,  16glcamente 
se  deduce  que  es  necesarlo  estudiar  en  cada  regi6n  el  r^men  t^rmico  para  saber 
las  plantas  que  allf  pueden  ser  m&s  o  menos  pr6speras,  y  correspondan  entonces 
a  los  intereses  de  la  agricultura. 

Importa,  aslmismo,  conocer  la  relaci6n  que  existe  entre  el  peso  de  la  semilla 
y  el  dima.  M.  J.  L.  Jensen  responde  con  datos  a  esta  cuesti6n.  En  el  estudio 
que  hizo  para  determinar  dicha  re1ad6n,  divldid  los  pafses  en  seis  grupos,  cons- 
titufdos  asX:  el  1*  por  Rusia;  d  2*  por  Estados  Unldos;  el  3*"  por  Alemanla  y 
Prusia ;  el  4*  por  Dinamarca,  Suecia  y  Noruega ;  el  5*  por  Inglaterra,  Holanda 
y  B^Iglca ;  y  el  6**  por  Espafia,  Francia  e  Italia ;  y  luego  indic5  el  peso  medio  de 
10.000  gramos  por  cada  cereal  de  cada  pals,  que  se  habia  procurado  sobre  731 
muestras.  El  resultado  fu^  el  siguiente:  el  peso  de  los  cereales  disminuye  a 
medlda  que  aumenta  el  car&cter  continental  de  la  region  en  que  ellos  se  cultivan ; 
y  d  dima  insular  o  el  de  la  costs  da  semillas  pesadas  y  livianas  el  continental.' 

lQxi6  otras  deducdones  podrfamos  sacar  de  estas  dos  citas,  sino  la  influencia 
dd  clima  en  los  vegetales?  Pues  las  otras  cuestiones  ya  serfan  del  estudio  del 
qufmico  y  del  botdnico,  qulenes  suministrarfan  datos  sobre  los  efectos  de  la 
vegetaci6n  en  lugares  dlferentes. 

Influencia  de  la  preH6n  osmdtioa  sohre  la  forma  y  ettruotura  de  lo9  vege- 
tales, — ^M.  J.  Beauverie  demuestra  la  influenda  de  la  concentraci6n  del  medio 
sobre  la  forma  y  estructura,  por  ejemplo,  de  los  bongos  Inferlores  y  de  los 
superiores,  como  los  Aspergillus,  Starigmatocystis,  Penidllium,  Glonostachis,  etc. 
Los  resultados  son : 

1**  reducd6n  en  altura  del  aparato  a^reo  del  bongo  y  la  dilataci6n  lateral  de 
las  c^lulas  que  constituyen  la  parte  principal  de  la  plonta ; 
2*  predominio  de  la  parte  sumergida  del  aparato  vegetatlvo  en  la  parte  a^rea. 

Ann  hay  casos  en  que  una  fuerte  concentraci6n  del  medio  determina  la  in- 
mersi6n  completa  de  la  planta,  si  bien  se  manifiesta  una  profunda  a1terad6n 

^  Experiment  Station  Record,  YoL  XI,  No.  4. 
*  Berne  Scientlflqne,  Tomo  XVII,  febrero  de  1902. 
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de  la  forma  de  los  aparatoa  rcf^roductores  que  pennanecen  con  frecooida 
eatMlea. 

Por  lo  que  ae  Te,  las  expaiendaa  del  autor,  deade  el  punto  de  Tista  fislo- 
Idglco  vegetal,  ponen  adn  en  evldenda  las  reladones  mutnaa  de  que  hidnuia 
niend6n  al  prindplar  eata  teaia.  Lo  que  pmeba,  nna  rez  m&B,  que  laa  dendaa 
ae  dan  la  mano  entre  af,  aiendo  la  meteorologfa  ono  de  loa  medlos  para  entrar 
de  lleno  en  la  faae  dentfflca  de  la  erolnd^n  del  reino  TegetaL 

CausoM  de  la  hmtnednd  atmosfMca.—Eatre  laa  canaaa  de  la  hnmedad  at- 
moaf^lca  podmnoa  aefialar  trea  generalea :  loa  boaqnea,  laa  montafiaa  y  ^  movi- 
mlento  de  traalad6n  de  la  tlerra.  El  estndlo  de  cada  una  de  eataa  partes  poeda 
reamnlrae  como  aigne : 

GoncretiLndonos  a  la  regfdn  Interandlna  de  la  Repdblica  del  Ecuador,  la 
frecuencia  de  laa  llnyiaa  tlene,  en  general,  an  orlgen  al  Eate,  o  lo  que  ea  K> 
mismo,  en  la  extenaa  aelva  bafiada  por  candaloaoa  rioa  que  deaembocan  en 
el  Amazonaa.  81  bien  ea  derto  que  eataa  aelvaa  aon  canaa  y  efecto  de  la 
mayor  parte  de  laa  llnviaa,  ea  dd>ldo  a  la  India  que  ae  eatablece  entre  laa 
corrientea  atmoafMcaa,  laa  qne  obran  aobre  laa  cftlidaa  para  enfrlarlaa  y 
prodndr  la  condenaad6n  de  loa  vaporea.  Como  en  el  Ecuador,  ae  ha  obaervado 
en  California,  Braall  y  la  India  que  d  periodo  de  Uuriaa  ha  diaminuldo  a 
medida  que  loa  boaqnea  ban  aido  taladoa. 

Cuanto  a  laa  montafiaa,  por  encontrarae  dlaa  a  nna  altura  baatante  elevada 
en  la  atmdafera  y  por  aer  laa  partes  m6a  frlaa  de  loa  continentea,  al  penetrar 
en  laa  reglonea  a^reaa,  dUidaa  y  hdmedaa,  favorecen,  la  condenaadte  de  loa 
vaporea.  De  aquf  que  laa  montafiaa  fayorecen,  a  no  dudarlo,  la  fertilidad  en 
laa  reglonea  Inferiorea,  tal  cual  acontece  en  la  R^dblica  del  Ecuador,  y  en 
todoa  loa  demAa  pafoea  en  que  las  prominendaa  de  la  tlerra  aon  d  estandarte  de 
prosperidad  y  grandeaa  de  los  audos  que  laa  dreundan.  Si  eeto  es  asf, 
ic6mo  no  entuaiaamarae  y  lleyar  al  terreno  de  la  pr&ctica  redes  meteorol6gicaa 
en  laa  reglonea  a^reaa,  cAlidaa  y  hdmedaa,  favorecen  la  condenaaddn  de  loa 
con  laa  que  ae  venga  en  conocimiento  de  tantoa  aecretoa  que  la  naturalesa 
enderra,  como  medio  para  que  el  hombre  alga  camino  del  progreso  en  aua 
investigadonea  de  la  meteorologfa  aplicada  a  la  agricultura? 

Por  lo  que  precede  podrfamos  ya  dedudr  todas  laa  consecuendaa  faTorables 
a  nuestro  aserto,  si  no  tuvi^ramoa  a  la  Tlata  un  cdmulo  tal  de  trabajo  de 
todoa  los  pafsea  del  mundo,  por  el  que  los  diferentea  autores  estdn  de  acuerdo 
en  que  se  fomente,  por  todos  loa  medioa  poslblea  y  en  todoa  los  pafses,  laa 
cbservadonea  meteoroldgicaa,  a  fin  de  arrancar  con  ellas,  mts  tarde  o  mda 
teroprano,  algo  de  lo  mucho  que  adn  ignoramos  en  la  naturaleza  de  las  coaaa. 
La  meteorologfa  es  una  denda  no  muy  modema  que  se  diga:  poco  o  cast 
nada  se  ha  hecho  desde  un  siglo  a  esta  parte,  debido  tal  vez  a  que  no  se  ha 
apllcado  uno  de  sus  elementos,  por  un  lapso  de  tiempo  baatante  grande,  a 
conocer  mils  de  cerca  las  reladones  entre  los  tres  reinos  de  la  vlda;  o  bien 
porque  a  dicha  dencia  no  se  le  ha  considerado  como  dependiente  de  laa  que 
son  sus  anexas.  En  cualquier  caso,  muy  de  desear  serfa  que  el  Segundo 
Congreso  Cientffico  Panamericano  insistlese,  por  lo  menos,  o  adoptase  medlos 
oportunos  para  que  en  todas  las  nadones  donde  el  servlclo  meteoroldgico  no 
existe  en  las  condiciones  que  la  cienda  exige,  se  establezcan  estadones  de 
la  dase  que  convenga  en  cada  regi6n  principal  de  cada  pais.  Las  razones 
que  aducimos  son  m&s  que  sufidentes  para  que  nuestra  tesis,  a  la  ves  que 
quede  deroostrada,  sea  tambi^n  como  un  esbozo  de  energfa  dd  autor  ante 
dicho  Congreso  Cientffico  en  pro  de  la  dencia  y  de  loa  int^-eses  agrfcolas  d# 
las  nadones. 

Consldernndo  ahora  el  movimiento  de  traslaci6n  de  la  tlerra,  como  causa 
general  de  las  predpitadones,  tenemos  otro  motive  para  estndiar  d  r^gimmi  idu- 
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▼lom^trico,  no  b6\o  en  las  zonas  tropicales,  sino  aun  en  las  que  se  maniflesta  el 
mdxinram  de  caldeo  y  ^  mfnimnm  de  presi6n.  Y  si  en  las  precipitaciones  inter- 
Ylenen  las  coirientes  atmo8f4ricas,  es  moy  natural  que  el  estudio  de  los  vientos 
sea  otro  elemento  que  preclsa  conocer  en  sus  multiples  Tarlaciones.  Ademds 
si  la  fertilidad  relatlya  de  los  palses  templados  como  el  Ecuador,  cuya  exuberan- 
da  admira  tanto  el  vlajero,  tiene  por  causa  la  alternabilidad  entre  la  seque- 
dad  y  humedad,  no  podemos  echar  en  olvldo  que  la  humedad  permanente  con 
una  t^nperatura  eleyada  es  la  causa  inmediata  de  desarrollo  y  prosperidad 
de  las  plantas,  como  de  un  modo  extraordinario  se  observa  en  los  bosques  tropi- 
cales. 

Estudiando  estas  causas  generales,  creenios  que  nadie  podrla  poner  en  tela 
de  duda  la  importancia  de  la  meteorologfa  agrlcola.  Traerfa  aqul  un  gran 
acopio  de  documentos  y  datos  que  manifestaran  la  bondad  de  nuestras  opinlones, 
si  no  tuvl^semos  presente  que  tales  comprobantes  s6lo  servlrian  para  dar  una 
extension  mayor  de  la  que  nos  proponemos  en  el  presente  estudio.  Por  esto 
resefiaremos  m&s  bien  el  estado  a  que  ha  llegado  la  meteorologfa  en  los  tiempos 
actuales. 

Leverrier  y  la  meteorologia  (1811-1877). — ^Este  renombrado  sabio,  hablando 
de  la  meteorologfa  se  expresa  asf : 

La  meteorologfa  es  una  ciencia  emlnentemente  pr&ctica.  La  navegnci6n, 
la  agricultura,  los  trabajos  ptiblicos,  la  bigiene,  est&n  especialmente  interesndos 
en  sus  progresos,  y  es  de  gran  importancia  el  que  no  nos  descuidemos  por  m&» 
tiempo  de  tan  graves  Intereses. 

La  utilidad  de  las  investigaciones  meteorol6gicas  para  la  navegaci6n  es  incon- 
testable. Gracias  al  estudio  de  los  vientos,  desde  hace  algunos  afios,  se  ban 
hecho  mAs  rdpidas  las  travesfas.  Las  diversas  naciones  marftlmas  deben 
grandes  reconocimlentos  al  Teniente  Maury,  cuyos  hAbiles  pianos  ban  contri- 
bufdo  poderosamente  a  este  resultado.  Es  asf  como  hemos  visto  la  travesfa 
media  de  Estados  Unidos  al  cabo  San  Roque,  reducida  de  41  dfas  a  22,  y  la  de 
OaUfomla,  de  180  a  100. 

*  «  *  *  *  *  « 

Por  la  ligaz6n,  mediante  la  telegraffa  el^ctrica,  de  las  diversas  estaclones  en 
que  se  hacen  observaciones  meteorol6gicas,  se  podrA  conocer  a  cada  Instante  el 
sentido  y  la  fuerza  de  propagaci6n  de  las  tempestades,  y  anunciar,  con  muchas 
boras  de  anticipaci6n,  la  mayor  parte  de  las  corrientes  de  viento  en  nuestras 
costas,  y  de  modo  especial,  las  mds  peligrosas;  pues,  la  historia  de  los  naufra- 
gios  nos  hace  saber  que  casi  la  totalidad  de  estos  acontecimientos  tiene  lugar 
por  los  vientos  que  empujan  hacia  la  costa,  y  que  casi  todos  los  huracanes  se 
propagan  por  aspiraci6n,  es  decir  en  la  direcci6n  en  que  ellos  soplan. 

De  este  modo  los  vientos  que  soplan  hacia  la  costa  podrfan  ser  anunciados» 
porque  casi  slempre  soplan- antes  en  el  interior  que  en  la  costa  misma.  Ix>s 
barcos  de  Pescadores  evitarfan  alejarse  o  podrfan  regresar  antes  de  la  tempes- 
tad ;  los  marinos  estarfan  llstos  en  los  puertos  hasta  que  haya  pasado  la  tempea- 
tad  de  que  estaban  amenazados,  y  los  naufragios  en  la  costa  de  Francia  se 
harfan  mAs  raros.  Ya  en  los  Estados  Unidos  las  corrientes  de  viento  han  sido 
anunciadas  en  diferentes  ocasiones. 

Las  investigaciones  de  naturalizaci6n  est&n  fundadas  en  la  teorfa  de  los 
climns  y  nuestros  animales  domesticos,  nuestros  cereales,  nuestros  Arboles 
frutales  y  la  mayor  parte  de  nuestros  vegetales  titiles  han  sldo  acllmatados. 
Este  solo  hecho  demuestra  la  importancia  de  la  meteorologfa  bnjo  el  pun  to  de 
Tista  agrfcola.  Francia  est&  adn  lejos  de  poseer  todas  las  especies  animnles  y 
vegetales  iStlles  que  allf  pueden  prosperar.  Guando  su  dima  sea  mejor  conocido, 
se  sabrA  cu&les  son  las  regiones  para  cada  especie,  aparentes;  se  sabrd  en 
cada  parte  de  Francia  cuftles  son  las  vertientes,  las  planicies  y  las  altitudes 
que  se  deben  escoger ;  se  sabr&,  para  la  vegetaci6n,  cudles  son  Ins  propiedades 
ffsicas  que  debe  ofrecer  el  suelo  para  compensar  tal  o  cual  inconvenlente  del 
clima  desde  el  punto  de  vista  de  la  humedad,  de  la  temperatura,  de  los  rayos 
solares,  de  los  aguaceros,  etc.  Con  la  uyuda  de  la  meteorologfa  se  evitardn 
esos  ensayos  infructuosos  y  esas  tentativas  indtlles  que,  ademds  de  los 
sacrifldos  que  ocasionan,  retardan  la  introducci6n  de  ciertos  cultivos  y  de 
dertas  especies  zooMgicas. 
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La  pluviometrla  prestard  tambi^n  Importantes  servicios.  Mlentras  que  al 
habitante  de  1o«  lagares  elevados  y  secos  ^ta  le  provee  de  indicadones  iBttOm 
acerca  de  las  dimenslones  que  deberfa  dar  a  las  cistemas  y  a  los  tanqnea,  al 
mlsmo  tiempo,  puede  prevenir  a  los  habitaotes  de  los  lagares  bajos  y  tbcIims 
de  nuestros  grandes  rfos,  de  las  Inandaclones  qne  les  amenazan  y  permitirleB 
asf  salTar  sua  rebafios  y  su  mlsma  vlda. 

•  *  0  ^  m  m  m 

Ta  una  Gomisldn  Hidrom^rica,  que  se  form6  en  Lyon,  despots  de  las 
terribles  inundadones  del  Saona  en  1840  ha  prestado  grandes  servicioa.  Mucbaa 
veces  por  la  observaci6n  de  la  lluvla  en  la  dArsena  de  este  rfo,  ha  podido  no 
solamente  prevenir  una  pr6xima  tempestad,  sine  hacer  saber  a  qu4  decfmetros 
de  altura  m&s  o  menos  deberfa  elevarse  el  agua.  Actualmente,  merced  al  celo 
de  algunos  ingenieros  de  puentes  y  oalzadas,  las  observaciones  pluyiono^trlcaa 
son  hechas  Juntamente  con  la  observaddn  de  los  cauces  de  muclMS  de  nueatFOB 
rfos,  y  las  curiosas  relaciones  deacubiertas  por  M.  Belgrand,  Ingeniero  en 
Jefe  de  puentes  y  calzadas,  entre  los  cauces  de  diferentes  rfos  de  Franda  dan 
la  certldumbre  de  llegar  por  este  camino,  a  conclusiones  importantes  para  loa 
riberefios  de  nuestros  rfos. 

Las  enfermedades  que  en  estos  tlltimos  alios  ban  venido  a  atacar  a  algonaa 
solanftceas  y  aun,  en  algunos  lugares,  a  ciertas  espedes  de  legumbrea  y  ban 
difundido  la  inquietud  en  las  pobladones  campestres,  al  mlsmo  tiempo  que  ban 
subldo  el  precio  de  muchos  comestibles  indispensables  para  la  Yida,  son  nn 
raotivo  todayfa  mfis  para  que  nos  ocupemos  de  la  meteorologfa.  Importa 
mucho  que  las  condiclones  atmosf^ricas  en  las  que  se  producen  estos  hechos 
sean  cuidadosamente  analizadas.  Desde  un  punto  de  vista  andlogo,  la  higiene 
y  la  salud  piibllca  est&n  interesadas  en  el  estudio  de  la  atm<tefera:  puede  aer 
que  asf  se  lleguen  a  reconocer  las  causas  y  las  condiclones  favorables  al 
desarrollo  de  estas  teribles  epidemias  que,  de  tiempo  en  tiempo,  se  extienden 
en  grandes  pordones  de  nuestro  gXoho,  Bl  aire  y  el  suelo  son  evldentemente 
los  medios  a  trav^  de  los  cuales  se  transmite  el  mal.  En  los  esfuerzos  hechoa 
para  llegar  a  conocer  las  cnusas  de  estas  enfermedades,  el  estudio  de  la 
atmdsfera  no  puede  ser  descuidado.* 

Si  en  esa  ^poca  las  estudios  meteorol6glcos  eran  ya  conslderados  como  im- 
portantes para  el  conocimiento  de  la  vida  vegetativa  en  sus  reladones  con  la 
vida  animal,  y  si  Le  Verrier,  fu^  el  vocero  de  la  denda,  en  los  afios  dtadoa, 
sienta  como  prlncipio  incontrastable  el  provecho  que  los  pueblos  reportarfan 
con  las  observaciones  meteorol6gica8  que  ^1  encarece ;  no  serfa  prueba  evidente 
el  testimonio  de  Le  Verrier,  si  buen  ntimero  de  las  nadones  del  mundo  no 
hublesen  coraprobado  con  hechos  lo  que  ahora  necesitan  efectuar  las  otraa 
naciones  que  aun  no  poseen  las  estaclones  de  referenda. 

Por  esto  es  que  nos  basta  resefiar  el  estado  de  la  meteorologfa  en  Franda  y 
en  Estados  Unidos  de  America  del  Norte  en  el  alio  1900,  a  fin  de  que  se  vea  d 
progreso  a  que  ha  llegado  hoy  la  dencia  meteoroMglca. 

Fin  prdctico  de  la  meteorologia, — ^En  Franda,  la  meteorologfa  constltuye  un 
servicio  de  la  ensefianza  superior,  dependiente  del  Ministerio  de  Instrucd6n 
Ptibllca.  En  Estados  Unidos  de  Norte  America  se  la  ha  dado  tal  extensi6n,  que 
casi  todos  los  grandes  propietarios  tienen  sus  meteorologlstas  espedales,  que 
estfin  en  constante  lnvestigaci6n  respecto  a  la  influenda  de  la  temperatura  en 
los  vegetales,  teniendo  para  ello  un  servido  telegr&fico  y  telef6nico  por  el  que  ae 
ponen  en  comunlcaci6n  todasr  las  estadones  meteorol6gIcas  de  las  hadendaa. 
Con  tal  procedimiento  no  hay  duda  que  la  meteorologfa  se  ha  convertldo  en  una 
denda  eminentemente  prdctica,  tanto  para  las  plantadones  como  para  el  servicio 
de  la  marina.' 

El  Departamento  de  Agricultura  de  los  Estados  Unidos  ha  Uevado  a  cabo  un 
Importante  ntimero  de  invest igadones  sobre  asuntos  meteorol6gico8  reladonadoa 
con  la  agricultura.  Basta  leer  el  Bulletin  of  the  Mount  Weather  Observatory 
de  Washington  publicado  por  el  sefior  William  J.  Humphreys,  Director,  qulen 

^Rapport  iiir  rObservatoire  de  Paris,  1806. 

*  y^ase  la  **  Revue  Scientiflque,"  N.  19,  4.  aerie,  tomo  XIT,  Nov.  10  de  laOO. 
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a  la  vez,  que  nos  habla  del  movimiento  de  la  hnmedad  en  los  suelos,  nos  da 
lambl^n  una  idea  bien  clara  del  desarrollo  de  la  meteorologfa  en  el  pals  de  la 
riqueza  actuaL  ^Qu^  diremos  ahora  si  traemos  a  cuento  los  progresos  que  se 
reallzan  en  palses  como  el  Brasil,  Uruguay  y  Argentina,  en  los  que  a  la  meteoro- 
logfa se  le  ha  dado  el  impulse  que  necesitaba  para  que  la  agricultura  tambi^n 
prospere?  Basta  esto  para  que  se  comprenda  la  Importancia  que  tienen  las 
aaociaciones  meteorol6gicas  en  los  palses  donde  el  clima  viene  a  ser  como  uno 
de  los  factores  de  la  civilizaci6n  moderna;  por  cuanto  se  estudian  primero  y 
aisladamente  los  fen<3menos  climatol<3gicos,  para  luego  someterlos  a  leyes  ffsicas 
y  ezperimentales,  y  establecer  entonces,  las  relaciones  que  existen  entre*ellos, 
sin  los  cuales  no  es  posible  conocer  la  base  de  la  ciencia  climatol6gica  en  un  pais. 

De  aquf  que,  siendo  el  fin  prdctico  de  tales  investigaciones,  segdn  lo  acordado 
por  el  Ck)ngreso  Panamericano  (1908),  la  construcci6n  de  la  Carta  Isot^mica 
por  medio  de  la  cual  se  den  a  conocer  las  variaciones  geogrdficas  de  la  reparti- 
ci6n  de  las  temperaturas  medlas  y  otros  f en6menos ;  f orzoso  es  aseverar  que  se 
impone  el  establecimiento  de  redes  meteorol<3gicas,  segiin  los  lugares,  con  esta- 
clones  de  primero,  segundo  o  tercer  orden.  Hemes  bosquejado  a  grandes 
rasgos,  los  motives  para  ello  ya  que  nuestro  objeto  ha  side  el  dejar  demostrada 
la  importancia  de  la  meteorologfa  agrfcola. 

Progresot  de  la  meteorologia  agricola, — ^Una  vez  que  hemes  anotado  el 
fin  especial  de  la  meteorologfa,  no  debemos  olvidar  que  ^ta  necesita  para  su 
progreso  de  la  asociaci6n  de  muchos,  para  acumular  el  patrimonio  de  cono- 
dmientos,  que  en  el  dfa  de  hoy  son  necesarios,  de  la  zona  de  contacto  o 
sea  de  la  Muperflcie  viviente  del  globe.  La  meteorologfa  se  desarrolla  al  mode 
de  las  otras  ciencias,  por  el  concurso  de  gran  ntimero  de  observadores ;  pues, 
un  fen6meno  cualquiera,  por  ejemplo,  una  tromba,  para  sar  estudiada  en  todas 
sus  fases,  desde  su  orlgen  hasta  su  fin»  es  forzoso  combinar  observaciones 
simult&neas  para  indagar,  de  este  mode,  las  causas  de  las  modificaciones 
observadas  en  el  fen6meno;  de  lo  contrario,  la  meteorologfa  no  serfa  contada 
entre  las  ciencias  positivas  o  experimentales. 

Los  conceptos  emitidos  en  este  sen  tide  por  Carlos  Martins  (1849)'  han 
tenido  su  realizaci6n  en  esta  ^poca.  En  efecto;  la  iniciativa  individual,  el 
sacriflcio  de  sabios  desinteresados  han  echado  profundas  rafces,  de  mode  que 
la  mayor  parte  de  los  estados  del  mundo  ha  tenido  que  intervenir  en  el  progreso, 
sea  de  las  sodedades  meteorol6gicas  fundadas  hasta  hoy,  sea  de  los  institutes 
agron6micoB,  en  los  pafses  en  que  se  hallan  establecidos.  Si  bien  es  cierto 
que  el  estudio  precise  de  los  hechos,  su  clasificaci6n  y  coordinaci6n  y  las 
grandes  leyes  generates  que  los  interpretan,  no  han  llegado  a  su  t^mino, 
no  por  esto  hemes  de  negar  el  gran  progreso  de  la  meteorologfa,  como  parte 
integrante  del  estudio  de  la  ffsica  del  globe.  Nadie  duda  que,  por  ejemplo, 
las  observaciones  de  las  temperaturas  eztremas  (maxima  y  minima)  no  sean 
las  que  despierten  el  interns,  desde  el  punto  de  vista  de  la  agricultura  y  de 
la  higiene;  que  la  presi^n  atmosf^ica  sea  el  punto  de  partida  tanto  para  el 
ffsico  como  para  el  meteorologista ;  que  la  detQrminaci6n  de  la  humedad,  de 
la  cantidad  de  lluvia  y  de  la  evaporaci6n  dai  por  resultado  la  flsonomfa 
especial  de  las  localidades  por  sus  relaciones  directas,  hasta  con  la  forma 
externa  de  las  plantas;  que  los  sondajes  de  la  atmdsfera  lleguen  hoy  a 
descubrir  lo  que  en  realldad  pasa  en  las  elevadas  capas  de  aire;  que  la 
meteorologfa  atmosf^rica,  dedudda  del  condenzudo  estudio  de  las  nubes,  por 
BOS  formas,  movimiento  y  altura  sobre  el  suelo  contribuyan  a  lo  que  todos 
esperan  y  desean  saber,  esto  es,  la  posibilidad  de  la  predicd6n  del  tiempo; 
en  fln,  los  dates  adquiridos  hoy  por  la  meteorologia  e9idtica  y  por  la  meteorolO' 

*■  Aoniuiire  M^t^rologlqne  de  Frmnce,  1849-1852. 
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ffia  dindmica  que  estudia  las  Tariaciones  slrault&neas  de  los  diversos  elements 
meteoroldgicoB ;  la  dencla  de  la  meteorologfa  ha  llegado  a  ocupar  ei  primer 
rango  entre  las  demAs. 

Todo  lo  qae  acabamoe  de  enuDdar  no  es  slno  el  fnxto  de  las  prerfsloiiM 
del  sflbio  Le  Venier,  a  qulen  la  Francia  debe,  por  ejemplo,  la  organixacite 
de  su  servldo  meteoroldglco  iDtemadonal  de  animdos,  aervldo  que  qnedari 
completo  cuando  las  observadones  simultdDeas  se  extieadan  metddlca  y 
dentfficamente  en  todo  el  globo  terrestre. 

Dedmos  met^dica  y  dentlflcamente  debido  qnizd  a  que  no  se  ha  publlcado, 
cnanto  antes,  nn  c6digo  meteoroldglco  IntemadonaU  por  d  qne  se  pnslera 
en  pr&ctica  las  resoludones  adoptadas  en  las  Conferendas  y  Congresos 
Meteorol6gicos. 

Cedamos  en  este  pnnto  la  palabra  al  Dr.  Hellmann,  cnyas  consideradones 
hechas  ante  el  Gomit^  Meteoroldglco  Intemadonal  qne  se  tUYO  en  Sonthport, 
per  septiembre  de  1903,  merecen  dtarse  oomo  nna  dlgresi6n  para  qne  ^ 
Segundo  Congreso  Glentfflco  Panamerlcano  encarexca  a  todos  los  Dlrectores 
la  unificad6n  de  las  obserradones  meteoroldgicas,  a  fin  de  obtener  el  mayor 
progreso  posible  en  la  meteorologfa  en  la  ^poca  actnaL 

He  aquf  sos  consideradones,  cuya  versidn  al  espafiol  se  d^be  al  Director 
del  Observatorio  Central  de  Manila,  Jos^  Algnd  (S.  J.)  : 

Ea  cosa  snblda  qne  hasta  el  presente  en  muchoe  de  los  sistemas  o  m^todos 
de  observad6n,  seguidos  en  Europa  y  fnera  de  Enropa,  se  ha  dado  mny  poca 
o  nlnguna  aceptad6n  a  los  numerosos  acuerdos  tornados  en  las  catorce  Gonfaren- 
cins  y  Oongresos  BIeteorol6glcos  Intemadonales,  que  se  han  celebrado  desde  1872. 
Kn  mi  concepto,  la  raz6n  de  ello  estd  en  doe  cosas:  lo  primero  en  que,  al 
princlpio  estas  reunlones  tuvieron,  como  era  natural,  un  car&cter  demasiado 
europeo;  s^Io  gradual  y  lentamente  lo  han  ido  tomando  Intercontinental;  lo 
segundo,  en  la  imposibilidad  en  que  se  hallaban  los  meteor61ogo8  de  todos  los 
pafses  de  poderse  enteror  pronta  y  fiidlmente  de  las  resoludones  adoptadas 
en  las  Conferendas. 

Es  verdad  que  se  han  publicado  relaciones  de  todos  los  Congresos  Meteoro- 
16gicos  en  tres  lenguas  (alemdn,  ingl^  y  francos),  pero  se  ha  dado  a  estas 
publicaciones  la  forma  de  una  mlnuta  de  las  sesiones  sin  fndice  detallado  de 
materias,  lo  ami  hace  diffcll  el  contratar  la  informad6n  que  uno  busca. 

De  ahf  nacid  que  ya  en  la  Conferencia  de  Munich  de  1891  manifestara  A 
sefior  Harrington  ante  la  Conferencia,  el  deseo  de  que  se  publicara  una  colec- 
c!6n  de  todas  las  resoludones  tomadas  en  los  Oongresos  y  Conferendas  que 
hnsta  entonces  se  hnbfan  celebrado;  y  que,  a  consecuenda  de  esta  misma 
proposici6n,  el  Sr.  Wild,  presidente  entonces  del  Comity  MeteoroWgico  Inter- 
finclonal,  publicara,  dos  afios  m&s  tarde.  una  co1ecd6n  de  dichas  resoludones 
1(61  pAginas  en  4')  en  el  "  Repertorium  fttr  Meteorologie,"  XVl,  N  •  10. 

La  publicacI6n  del  Sr.  Wild,  que  contenfa  los  trabajos  meteoroWgicos  Inter- 
nacionales  llevados  a  cabo  desde  1872  a  1891,  fu6  sin  disputa.  de  gran  valor; 
pero  al  presente,  es  preclso  reconocer  que  no  responde  ya  al  objeto  que  me  pro- 
pongo  y  esto  por  tres  ra zones : 

1* — Porque  s61o  se  public6  en  alemftn  y  es  indudable  que  ediciones  en  ingl^ 
J  en  francos  serf  an  de  grande  utilidad  en  muchos  pafses. 

2' — Porque  es  demasiado  extensa  y  no  aparecen  con  suficiente  daridad  las 
resoludones  deflnitivas  de  los  Congresos  Meteoro16gicos. 

3'—Porque,  al  presente,  es  ya  anticuada,  al  menos  en  parte. 

Si  fljamos  ahora  nuestra  atencKin  en  las  leyes  gen^ales  de  la  meteorologfa, 
descubiertas  desde  mils  de  cincuenta  afios  a  esta  parte  jla  medidna  y  la  higfeoe 
no  han  sido  las  primeras  en  reportar  benefldos  inmensos  de  tales  leyes?  Y 
la  agricultura  por  su  parte  ino  ha  progresado  tambi^n,  a  medida  que  los  agrl- 
cultoreshan  llegado  a  ser  meteorologistas,  quienes,  por  ejemplo,  con  el  estudio 
de  las  leyes  de  la  drculad6n  general  de  la  atm6sfera  que  constltnyen  la  base 
de  los  sistemas  de  prevlsl6n  del  tlempo  han  obtenido  resultados  satisfactorlos 
l»or  lo  que  atafie  a  sus  intereses  en  el  movimiento  industrial  y  comerdal? 
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Por  corta  que  sea  esta  resefia,  el  progreso  actual  de  la  meteorologfa  es  grande 
a  causa  del  Interns  de  gran  ntlmero  de  sablos,  secundados  por  las  Gonferendas 
y  Congresos  Meteorol6gicos,  celebrados  desde  1872  a  1910. 

Greemos  haber  dado  t^rmlno  al  estudlo  que  nos  propusimos  en  esta  prlmera 
parte;  pero  antes  de  pasar  a  la  segunda,  es  necesarlo  que  el  actual  Ckingreso 
conozca  el  estado  en  que  se  halla  la  meteorologfa  en  la  Reptibllca  del  Ecuador. 

Progresos  de  la  mcteorologia  en  el  Ecuador. — (a)  Estacione$  de  primera 
clase. — En  la  Repdbllca  se  cuenta  hoy  con  cuatro  estaclones  meteorol6glcas 
de  prlmera  dase,  en  los  lugares  que  siguen:  Quito,  Ambato,  Rlobamba  y 
Guayaquil ;  de  las  cuales,  la  prlmera  y  las  dos  tiltlmas  est&n  sujetas  y  dependen 
del  Observatorlo  Astron6mico  de  Quito,  y  la  segunda,  del  Director  de  la 
Qulnta  Normal  de  Agrlcultura  de  Ambato.  Las  observaclones  que  se  efectiian 
en  Quito  tlenen  la  regularidad  que  la  clenda  exlge,  desde  1912  hasta  la  fecha, 
babiendo  sufrldo  un  gran  perfodo  de  frecuentes  Interrupdones  desde  1908  a 
1911,  y  slendo  constante  desde  1900  hasta  1907.  Por  manera  que  hay  dos 
^pocas  regulares,  una  de  slete  afios  y  otra  de  tres,  con  una  lnterrupcl6n  entre 
las  dos  de  cuatro  alios,  si  blen  en  este  perlodo  exlsten  algunas  observaclones, 
^stas  no  ofrecen  nlnguna  garantfa.  Las  observaclones  de  1900  a  1905  se  han 
efectuado  bajo  la  dlreccidn  del  renombrado  sablo  Francisco  Gonnesslat, 
astr6nomo .  franco ;  de  1905  a  1907,  bajo  la  dlreccl6n  del  Sr.  Ph.  Lagrula, 
astr6nomo  de  m^rlto ;  y  de  1912  hasta  la  fecha  bajo  la  dlrecd6n  del  astr6nomo 
actual,  graduado  en  la  Unlversldad  de  Paris,  y  que  hizo  sus  estudlos  pr&ctlcos 
como  Astr6nomo  Stagiaire,  en  el  Observatorlo  de  este  i&ltlmo  lugar. 

Las  estaclones  meteorol6glcas,  tanto  de  Rlobamba  como  de  Guayaquil,  han 
fildo  Instaladas  por  Inlciatlva  del  que  hoy  se  encuentra  a  la  cabeza  del  Im- 
portantlslmo  Observatorlo  de  Quito;  y  la  -de  Ambato  bajo  la  dlreccl6n  del 
entusiasta  gedlogo  Sr.  Augusto  N.  Martinez,  actual  Director  de  la  Qulnta 
Normal  de  Agrlcultura. 

(b)  Estaclones  en  proyecto, — Gomo  hemos  abrlgado  la  convlcci6n  de  la 
urgente  necesidad  de  establecer  en  la  Reptibllca  una  red  meteorol6gica  tal  que 
satlsfaga,  en  primer  lugar,  a  los  Intereses  de  la  clencla,  con  respecto  al  Ecuador, 
el  Gobierno  de  este  tlltlmo  lugar  tiene  votados,  por  lnslnuaci6n  del  suscrlto,  la 
suma  de  12.500  francos  para  la  adqulsicl6n  de  los  Instrumentos  que  siguen : 

2  bar6metros  de  mercurio  de  cubeta  profunda ; 

2  bar6metros  registradores  gran  modelo  (B.  G.  M.) 
10  hlgr6metros  registradores  gran  modelo  (B.  G.  M) 

1  pluvl6metro  reglstrador; 
ZO  pluvl6metros  totallzadores ; 
15  grupos  de  term6metros,  compuesto  cada  grupo  de  mAxlma,  minima,  seco, 

hi&medo  y  fronda ; 
30  term6metros  registradores,  modelo  medio ; 

6  bar6metros  registradores,  modelo  medio ; 

1  anem6metro  reglstrador. 
Debldo  a  la  contlagracl6n  europea  estos  Instrumentos  atUi  no  han  llegado; 
pero  no  ser&  aventurado  asegurar,  salvo  algdn  impedlmento  involuntario  de 
ouestra  parte,  se  d4  principio  en  el  pr6xlmo  afio,  a  la  Instalacidn  de  otras 
•cuatro  estaclones  de  primera  dase,  nueve  de  segunda  y  trelnta  de  tercera,  en 
lugares  donde  mAs  convenga  a  los  intereses  de  la  agrlcultura  y  de  la  medlclna ; 
y  este  es  el  objeto  para  el  cual  fueron  pedidos. 

(c)  Estaclones  termopluvlom^trlcas. — ^Bajo  la  direcd6n  del  Sr.  Augusto  N. 
Martinez,  Director  de  la  Quinta  Normal  de  Agrlcultura  de  Ambato,  fundonan 
en  la  provincia  del  Tungurahua  mds  de  dlez  estadones,  las  que  proporcionan 
•datos  Bobre  las  temperatures  extremas  (mdxlma  y  minima)  y  sobre  la  cantidnd 


Digitized  by  VjOOQIC 


842       PBOCEEDIKGS  SECOND  PAK  AMBBIGAN  8CIENTIFI0  COKGBBS8. 

de  agaa.  En  la  proTinda  de  Pidiincha,  ignales  estadones  se  hallan  Instaladat 
en  loB  pueblos  de  Macfaadii  y  Sangolquf,  por  d  Director  del  Obseryatorio  de 
Quito  7,  prdximamente,  ae  Instalardn  otraa  coatro  mis,  en  otros  Ingares  prind- 
pales  de  la  niisma  provinda ;  as!  como  tambi^  otras  en  la  provinda  de  Ledn 
y  el  Oriente  serdn  instaladas  por  el  Sr.  Martfnes. 

(d)  Trabajos  meteoroldgicoM. — ^El  Obserratorio  de  Quito  persigue  las  iuTesti- 
gadones  que  a  contlnuaddn  se  expresan,  dado  el  fin  que  41  se  propone  de 
construir  la  carta  Uot&rmica  del  pais  para  el  conodmiento  dimatoldglco  de  esta 
parte  del  contlnente  americano.    He  aquf  los  trabajos : 

1*.  Temperatura  del  aire. — Observadones  diarias  de  los  instrumentos  de  lec- 
tura  directa  y  de  los  registradores,  de  acuerdo  con  el  borario  de  trabajos.  Lec- 
tura  de  mAzima  y  minima.  Variad^n  diuma  de  la  temperatura.  Estudio  de  las 
causas  que  pueden  modiflcar  dicba  yariad6n.  Yariad6n  anual  y  sus  causas  de 
influencia.  Reducd6n  de  la  temperatura  al  nivel  del  mar.  Estableddas  las 
estadones  meteoroI6gicas :  lineas  isotermas,  formaddn  de  la  carta  Isot^rmica. 

2*.  Temperatura  del  tuelo, — ^Variad6n  diuma  y  anual  a  distintas  profundi- 
dades.  Estableddas  las  estadones  meteorol6glcas :  estudios  comparativos  de 
las  capas  invariables  como  tambl^n  la  temperatura  de  las  fuentes  de  los  rfos. 
Formad6n  de  los  cuadros  mensuales  de  temperatura  y  estudio  grdfico  de  los 
resultados  por  medio  de  curras  y  explicad6n  de  aquellos  para  el  boletfn. 

8*.  PrecipitacioneM  atmotfMcas. — ^Formad6n  y  medida  de  las  lluvias.  Clasl- 
flcad6n  general  de  las  lluvias.  Variaci6n  anual  y  mensual  de  la  lluvia :  Causas 
que  la  modifican.  Intensidad  de  las  grandes  tempestades.  Frecuenda  de  la 
lluvia.  Ndmero  de  dias  de  lluyia.  Regfmenes  pluvlom^tricos.  En  el  supuesta 
de  estadones  meteorol6gicas :  Distribud6n  de  la  lluvia  en  la  Repdblica.  Medida, 
peso  y  temperatura  del  granizo.  Levantamiento  de  curvas:  Formaddn  de  los 
cuadros  y  estudio  de  las  leyes  que  se  reladonan  con  la  lluvia. 

4*.  FendmenoM  divertOM. — ^Transparencia  atmosf^ica.  Niebla,  rodo,  heladas 
y  su  periodicidad. 

5*.  Fen&menoi  6pt%co$. — ^Arcoiris,  coronas  y  bales,  drculos  parbdlicos,  coronas 
luminosas. 

6*.  E9tado%  del  eielo. — Clasiflcad6n  de  las  nubes,  cantidad  y  direcddn.  Nefos- 
copio.  Variacidn  anual  y  mensual  de  la  nebulosidad.  Formad6n  de  los 
cuadros.  Estudio  de  las  curvas  en  combinaddn  con  los  demAs  elementos 
meteorol6gicos. 

7*.  Viento. — Medida  y  direcd6n  del  viento.  Veloddad  y  fuerza  del  viento. 
Representad6n  gr&fica  de  las  obseryadones.  Frecuenda  del  viento.  Direcd6n 
media  del  viento  (componentes).  yariaci6n  diuma  mensual  y  anual  de  las  di- 
recdones  y  veloddad  del  viento.  Relaciones  del  viento  con  la  temperatura  y  la 
presi6n  barom^trlca.  Graduante  barom^trica.  Girculaddn  genotd  de  la  atm^ 
fera.  Vientos  constantes.  DiscusI6n  de  los  dates  obtenidos  en  el  anemdmetro 
y  anem6grafo,  previa  formad6n  de  los  cuadros  respectivos.  Sus  reladones  con 
los  dem&s  elementos  meteorol6gicos. 

8*.  Evaporaci^n  y  humedad  atmosfMca, — ^Evaporad6n.  Estudio  de  la  evapo- 
racl6n  diuma,  mensual  y  anual.  Medida  de  la  fuerza  elftstica  del  vapor  de  agua. 
Higrdmetros.  Variacidn  diuma,  mensual  y  anual  de  la  tensidn  del  vapor  de 
agua  y  de  la  humedad  relativa.  Distribud6n  de  la  humedad  en  la  superfide 
del  suelo  y  reladones  de  ella  con  la  vegetaddn.  Cuadros  y  curvas  correspon- 
dientes  de  los  dates  obtenidos  para  publicarlos  en  el  boletfn. 

9*.  PreMn  atmosfMca, — ^Lecturas  diarias  de  las  bardmetros  normales  y 
registradores.  Representacidn  grdfica  de  las  variadones  barom^tricas.  Rda- 
dones  entre  la  temperatura  y  la  presidn.  Reladones  entre  la  presidn  y  d 
viento.    Reducciones  a  (T.    Variadones  diuma,  mensual  y  anual  de  la  presidn. 
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Jknomalfas  boromtoicas  en  la  regl6n  ecnatoriaL  Medidaa  de  alturaa  con 
el  bar6metro  y  el  ipsdmetro.  Reduccidn  de  la  presi6n  al  nivel  del  mar. 
BSflcalas  isobares  annales  previa  la  instalaci^n  de  las  estaciones  meteorol6gicas» 
CnadroB  mensnales  y  discuaidn  con  datos  obtenidos  en  relaci6n  con  IO0  demto 
elementos  meteoroldgicos. 

10*.  Aotinotnetria. — ^Variacidn  dinma,  mensual  y  anual  del  calor  solar* 
Actln6metros  de  Orova  y  Poulllet  Medidas  actinom^tricas.  Oonstante  solar* 
Ab8orci6D  del  calor  por  la  atnuSsfera.  Coeflciente  de  transparencia«  Forma* 
ci6n  de  cuadros  y  discusi6n  de  los  datos. 

U*.  TempestadeM;  fen&meno9  generales, — Glasiflcaci6n  y  frecuencia.  Tem- 
I^estades  de  depresi6n. 

12**.  PreviMn  del  tiempo. — Organlzaddn  de  servicios  para  la  prevlsldn  del 
tiempo.  PreTlsiones  locales.  Inyestlgaciones  sobre  la  perlodicldad  de  los 
fen6meno8  meteorol6gicos.    Perfodos  solares.    Perfodos  Innares. 

Ap&idiee. — ^Fotograffa  meteorol6gica.  Inyestlgaciones  meteorol6gicas  en  las 
capas  super  lores  de  la  atm^sfera  por  medio  de  los  globes  registradores  (actual- 
mente  los  hay  en  el  Observatorio).  Excursiones  para  medidas  de  altnra  en 
100  lugares  que  fuesen  de  indispensable  necesidad.  Bztracto  del  estado  medio 
de  los  elementos  meteorol6gicos  correspondientes  a  4pocas  anterlores. 

Debemos  adyertir  que  respecto  de  la  preyi8i6n  del  tiempo,  de  la  fotograffa 
meteorol6gica,  de  las  excursiones  para  medidas  de  altura,  etc.,  no  se  ban 
inidado  atkn,  hasta  que  las  estaciones  en  proyecto  sean  definitiyamente  instala- 
das.  Cuanto  a  lo  demilB,  los  trabajos  se  efecttkan,  por  contar  con  instrumentos 
de  primera  calidad  y  modernfsimos,  de  las  Gasas  Richard  de  Paris  y  Fuess 
de  Berlin.  La  mayor  parte  de  los  instrumentos  son  registradores,  instalados 
cada  uno  con  sus  semejantes  de  lectura  directa,  cqntrolados  fystos  en  la 
Oficina  Meteorol6gica  de  Paris,  segdn  acuerdo  de  los  Oongresos  Gientificos, 
para  la  comprobaci6n  de  aqu^llos. 

(e)  Hora$  de  ohnervacMn, — ^En  general,  las  observaciones  se  efectdan  a 
las  7,  10,  14,  17  y  21  boras,  cont&ndose  ^stas  de  0  a  24;  la  media  noche  se 
considera  siempre  como  el  prindpio  y  fin  del  dia.  Indicamos  que  las  observa- 
ciones de  m&xima  y  minima,  se  hacen:  a  las  7  y  14  las  de  minima  y  a  las 
14  y  17  las  de  maxima.  Por  lo  que  respecta  a  las  observadones  en  si,  seguimos 
textualmente  las  resoludones  tomadas  en  los  tkltlmos  Oongresos  Gientificos. 

(/)  PubZtcacione*. — ^El  Observatorio  de  Quito  publica  mensualmente  un 
boletin  de  gran  formate,  cuyo  titulo  es  **  Boletin  Mensual  del  Observatorio  de 
Quito,  publicado  por  L.  Q.  Tuflflo,  Director.*'  Este  boletin  se  halla  suspense, 
desde  Julio  de  1914,  por  motives  independientes  de  nuestra  voluntad.  El 
Gobiemo  de  nuestro  pais  tiene  sin  embargo  ofreddo  sumlnistrar  al  Observa- 
torio una  imprenta  espedal  para  las  publicaciones  de  astronomia,  geofislca 
y  meteorologia,  segtln  el  plan  formulado  y  que  puede  consultarse  en  el  niSmero 
del  volumen  2.  Para  4sto  tenemos  listas  dos  ofldnas  en  un  pabell6n  adjunto 
al  establedmiento  para  instalar  alii  la  imprenta.  Pero  la  publicacidn  del 
boletin  en  la  forma  que  hasta  ahora  se  ha  hecho,  reaparecerd  de  nuevo  desde 
enero  del  proximo  afio,  inclusive  los  ntlmeros  que  faltan  para  completar  la 
serle.  Hay  tambi^n  otros  dos  6rganos  de  pub]icad6n  diaria:  el  peri6dico 
**E1  Dfa"  para  las  observadones  que  se  recogen  en  Quito,  y  '^El  Teldgrafo* 
para  las  de  GuayaqulL 

OBOAlOZACldN  DEL  SEBVICIO  TELBQBJLnCO  BEIACIONADO  CON  EL  TIBMPa 

La  prevision  del  tiempo  es  hoy  la  gran  cuestl6n  que  preocupa  a  todos  los 
labios  del  mundo,  prindpalmente  por  la  diflcultad  de  los  medios  de  comunlcad6n 
r&pida  entre  las  diversas  estadbnes  de  un  lugar.    Por  lo  mismo  que  la  meteoro- 
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logfa  ea  una  ciencia  compUcada,  por  la  dlficultad  de  comblnar  Urn  diferentei 
>eleinento8  atmosf^ricos,  y  de  establecer  las  leyes  de  sua  reladones,  segAn  bt 
topograf fa  de  los  territorios,  esta  ooinplicaci6n  aomeota  coando  se  ignora,  por 
ejemplo,  lo  que  pasa  en  el  aire  atmosfdrico  en  un  instante  dado  y  no  se 
conocen  a  tiempo  las  manlfestadones  de  su  activldad,  para  la  oorrespondiente 
prediccidn.  Por  esto  es  que  juzgamos  seria  oportuno  que  el  actual  Congreso 
Cleotfflco  establedera  tratados  Intemadonales,  de  modo  que  se  ponga  en 
prdctlca  la  telegrafla  meteorol^ca,  y  las  nadones  de  un  mlsmo  oontinente  se 
aprovechen  mutuamente  de  las  obseryadones  que  se  recojan  en  cada  una  de 
^llas.  Este  senricio  en  nada  m^ioscabaria  el  que  se  hace  de  ordlnario  por  el 
tel^rafo;  porque,  si  se  conviene  en  que  el  camblo  de  oomunicaciones  se  haga 
previo  acuerdo  y  a  un  mlsmo  tiempo,  usando  para  ello  del  Gddigo  Intmiacional 
u  otro  que  se  formule  con  este  objeto,  mediante  signos  convendonales,  el  estado 
<del  tiempo  por  elementos  necesarios  para  la  predicd6n  de  ^ste,  podrla  determi- 
narse  con  menos  dlficultad. 

Las  innumerables  consecuencias  pr&cticas  que  se  dedudrfan  de  este  cand>io 
•de  comunicaciones,  a  nadie  se  ocultan,  sobre  todo  si  se  lo  efectda  por  la  tarde,  y 
adoptando  para  ello  la  bora  intemadonaL 

Mas,  por  lo  que  toca  a  la  Repdblica  del  Ekmador,  nos  complacemos  ea  in- 
formar  al  Gongreso  Gientffico  que  algunos  ensayos  de  esta  naturalesa  se  ban 

•  efectuado,  merced  al  ilustrado  Director  General  de  Tel^grafos,  Sr.  Guillenno 
I>«struge ;  y,  en  yirtud  de  estos  ensayos,  no  es  inyerosimil  que  despu^  de  poco 
tiempo,  y  tan  pronto  como  todas  las  estadones  sean  Instaladas,  se  establezca, 
definitivamente,  el  serrido  de  telegramas  meteorol6gico8.  Para  llegar  a  esbs 
resultado  el  Sr.  Luis  G.  Tuflfio,  Director  del  Observatorio  Astron6mico  de  Quito, 
prepara  instrucciones  meteoroI6gicas  espedales,  por  las  que  el  s«rvido  de  in- 
formaci6n  sea  rdpido  y  predso. 

Creemos  del  caso  que  lo  propio  deblera  bacerse  en  las  demds  nadones  dd 

continente  americano,  siempre  que  se  adopte  un  mlsmo  cddigo,  a  fin  de  que  d 

servlcio  intemacional  y  dd  pais  sea  simultdneo. 

Si  esto  se  realiza,  la  prevlsidn  probable  del  tiempo  serA  un  problems  cuya 
•resolud^n  satlsfard  a  los  Intereses  del  mundo  cientffico;  pues  los  nuevos  in- 

ventos  y  sus  aplicaciones  ban  bedio  boy  mds  extenso  el  estrecbo  rednto  en  que 

se  crefa  encerrada  la  meteorologfa.  De  este  modo  los  servidos  que  pueden 
<  prestar  los  observatorios  son  innumerables ;  porque,  estudiando  el  clima  de  un 

'lugar,  el  cual  depende  como  bemos  visto,  adn  de  las  condidones  topogrdficas 
•del  terreno,  se  podrd  inferir  sin  grande  esfuerzo,  el  tiempo  probable  en  ^pocas 
'  posteriores,  en  virtud  de  leyos  boy  descubiertas ;  para  lo  que  es  absolutamente 

•indispensable  el  establecimlento  de  redes  meteorol6gicas. 

Re  forma  importatite. — ^Dadas  las  actuales  tendencias  de  la  meteorologfa 
'  moderna,  estamos  muy  decididos  a  poner  en  prdctica  como  complemento  de  las 
Nobseryaciones  meteorol6gicas  reladonadas  con  la  agricultural  el  servido  del 

Ceraundgrafo,  por  medio  del  cual  se  anuncian  boy  las  tempestades,  por  medio 

de  un  receptor  de  telegraf fa  sin  bilos,  que  f adiita  registrar  las  ondas  bertzianas 
'  produddas  por  las  cbispas  d^tricas  de  las  tempestades,  sea  cual  fuere  la  dis- 
-tancia  de  ^tas  respecto  al  observador.    Mr.  A.  Turpain  en  su  obra  **La  T^^ 

pmphie  $ans  flV*  ezplica  bien  el  procedimiento  o  el  modo  de  empleo  del  aparato. 
Hasta  poco  ba,  todos  ban  seguido  el  estudio  del  desarrollo  de  un  temporal,  del 

movimiento  del  barOmetro,  colorad6n  de  las  nnbea  y  direcd6n  de  los  cirrus,  la 
'  bumedad  y  temperatura  en  las  investigaciones  para  la  predicci6n  probable  dd 
i  tiempo ;  pero  boy  los  resultados  llegan  a  un  mdximum  de  probabllidad.  apllcando 

las  reglas  de  Mr.  Guilbert,  cuya  prdctica  no  descuidaremos,  a  medlda  que  vayan 

•  organizdndose  las  estadones  secundarlas  a  que  nos  referimos,  las  que  tleuefi. 
>  que  produdr  tantas  ventajas  a  la  agricultura,  a  la  industria  y  al  comerdo. 


Digitized  by  VjOOQIC 


A8TB0N0MY,  METEOBOLOOY,  AND  8EISM0L00Y.  845 

OeofMoa. — r.  Magneti9mo. — ^Rememorar  ahora  las  nomerosas  razones  con  que 
lo8  Directoree  del  Observatorio  ban  justlflcado  la  Importancia  de  la  lnauguraci6ii 
de  una  aeccl6n  para  el  estudlo  del  magnetlsnio  terreetre,  seria  apartarse  d^ 
abjeto  de  noestra  tesls.  Con  todo,  no  se  puede  echar  en  olvldo  la  estrecha 
relacldn  que  el  magnetlsmo  terrestre  guarda  con  las  demils  clenclaa. 

Aaf  figuran,  entre  otras,  la  astronomfa,  la  ffeica,  la  meteorologfa  y  la  geo- 
logfa  misma.  iC6mo  se  i>odrfan  estudlar  las  perturbaclones  y  variaclones 
magn^ticas,  sin  reladonarlas  con  la  Influencla  del  sol  y  de  la  luna,  apUcando 
principlos  que  en  la  mecdnica  general  abundan?  iC6mo  suminlstrar  un  dato 
positlYO  y  seguro  de  magnetlsmo  terrestre,  si  nada  existe  para  poder  oomblnar 
€8ta8  investlgadones  con  las  propiedades  de  gases  enrarecidos,  accldn  de  los 
rayos  solares,  variaclones  de  presldn,  temperatura  y  bumedad?  Dede  el  siglo 
XIX  en  que  Arago  anunci6  la  variacldn  dlurna  de  las  decllnaclones,  las  Investlga- 
dones magn^cas  tlenen  boy  dfa  tal  incremento  que  no  bay  pals  alguno  en  el 
Brando  ent^o  donde  no  exlsta,  por  lo  menos  una  estaci6n  magn^tlca. 

Existen  en  el  Observatorio  algunos  Instrumentos  utillzables,  como  son:  un 
gran  teodolito  de  Bamberg,  sistema  Lament;  un  inclln6metro  de  lnducci6nt 
«egdn  Weber;  un  galvandmetro  de  espejo  de  Carl;  un  pequefio  galvandmetro 
vertical  de  Siemens  y  Halske;  un  varl6metro  de  Secret&n,  sistema  Gamby;  y 
ona  brtijula  de  Breitbaupt. 

Estos  instrumentos  serdn  pr6ximamente  instalados,  sea  en  Icblmbfa,  sea  en 
Panecillo,  lugares  apartados  de  la  ciudad. 

2*.  Si9mologia, — En  el  Observatorio  funclonan  los  dos  instrumentos  hori- 
«>ntales,  sistema  Boscb,  que  dan  las  dos  componentes  borizontales.  En  nuestra 
intenci6n  estk  el  dar  a  conocer  al  publico  nuestros  esfuerzos,  relatives  a  una 
informaci6n  completa  que  satisfaga,  como  es  natural,  sus  exigencias.  De  aqui 
que  hayamos  crefdo  conveniente  instalar  una  red  sismogrdflca  en  tres  puntos 
prindpales  de  la  Reptiblica. 

Sin  este  medio  mal  podrfamos  emprender  investlgadones  en  esta  dase  de 
^studios,  que  demandan  considerable  acopio  de  dates  cientfflcos. 

La  dencia  sismoldglca  puede  encontrar,  por  la  naturaleza  del  suelo  ecua- 
toriano,  s6Udas  bases  para  su  desarroUo,  si  a  ella  se  unen  la  geologfa  y  sus 
anexas.  De  las  relaciones  que  pueden  establecerse  entre  ellas,  dependen,  en 
la  prdctica,  todas  las  consecuendas  Utiles  sobre  el  terrene  mlsmo;  y  de  las 
observadones  efectuadas  en  el  transcurso  de  cierto  lapse  de  tlempo,  las  leyes 
que  resumen  el  progreso  de  las  mismas  ciencias.  Esta  perspectiva  tiene  su 
tiempo  de  desarrollo  y  de  trabajo ;  no  se  realiza  sine  al  cabo  de  muchos  ados ; 
pero  precisa  al  fin  que  nos  proponemos,  no  detenerse  en  los  inconvenientes  y 
tener  siempre  en  vista  la  ejecucidn  inmediata  de  nuestro  cometido,  a  fin  de 
preparamos  del  mejor  mode  posible  a  cuanto  de  nosotros  se  exija  en  prevision 
de  la  evolud6n  dentfflca  en  el  Ecuador. 

En  un  corto  ntimero  de  afios,  dice  el  Conde  de  Montessus  de  Ballore,  la 
sismologia  ba  construido  sus  m^todos,  establecido  un  cuerpo  de  doctrinas* 
inventado  aparatos,  eilificado  Observatorios,  traspnsnndo  con  mucbo  las 
fronteras  de  la  Geologfa  y  Meteorologfa.  ♦  ♦  ♦  iQui^n  podrfa,  pues,  medir 
y  limitar  sus  adelantos  futuros?  Y  ^qul^n  sabrfa  barruntar  los  beneficios 
que  la  bumnnidad  podrfa  obtener  de  un  conocimiento  exacto  del  mils  terrible, 
tal  vez,  de  los  flagelos  que  la  afligen? 

Es  por  esto  que,  en  virtud  de  la  exposid^n  matemfttica  briUantemente 
demostrada  en  1906  por  Mr.  A.  Orloff,  Astr6nomo  de  la  Universidad  de  Dor- 
pat,  relativa  al  mode  de  estudlar  con  mayor  exaditud  los  movimientos  micro- 
sfsmicos,  Juzgamos  necesario  que  en  el  Observatorio  de  Quito  se  instate  este 
Bervido  al  mode  como  se  ba  becbo  en  el  Observatorio  de  Micbigan  y  del 
Gbro,  con  instrumentos  completes  y  modernos. 
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El  Obsarratorio  de  Quito  forma  parte  de  la  ABociadda  Siamoldgica  Interna- 
clonal,  7  68  predao  que  confribnya  con  sua  trabajos,  que  en  virtud  de  la 
dedai^n  tUtima  que  ae  public^  en  Boma  el  alio  1906,  deben  remltirse  a  Buda- 
pest, en  donde  ae  ha  creado  una  ofictna  especial  para  estudiar  todos  los 
t^nblores  conforme  a  los  m^todos  propuestos  por  el  sablo  Konesllgethy. 

For  de  pronto  creemos  necesario  que  en  el  Ecuador  se  establezca  un  sistema 
eq;)ecial  de  inf  ormad^n  por  medio  del  tel^graf o. 

Una  informacidn  sumarla  sobre  el  car&cter,  intensidad,  direcddn  y  lugar 
de  los  mismos  en  la  R^tU>lica  se  impone  oomo  neoesaria  para  compl^ar  su 
estudio  con  los  registrados  por  el  ptodulo  horizontal  Bosch. 

Estudios  de  esta  clase  demandan  ciertamente  la  contingencla  de  muchos; 
por  eso  nuestros  esfuerzos  tlenden  cada  vez  a  concretar  todos  los  medios 
adecuados,  a  fin  de  dar  mayoB  impulse  a  los  trabajos  que  se  ban  inidado. 
Esto  por  una  parte;  por  otra,  menester  es  que  se  lleve  al  terreno  de  la 
pr&ctica  el  plan  que  ahora  se  sigue  con  las  observadones  de  Astronomia« 
geof (slca  y  meteorologfa. 

Dando  a  los  trabajos  esta  extension,  no  hay  duda  que  la  meteorologfa 
agrlcola  y  forestal  tiene  que  progresar;  y  para  ello  la  Gonferencia  que  tuvo 
lugar  en  Viena,  en  septiembre  de  1880,  ya  reooniend6  el  siguiente  programa 
de  inyestigaciones : 

1*.  Influenda  de  los  elementos  metecMrol6gIcos  sobre  la  vegetaddn; 

2*.  Viceversa,  influenda  de  la  vegetacidn  sobre  los  elementos  meteorol6gico8 ; 

8*.  Anundos  del  tiempo  para  utilldad  de  la  agricultura. 

Es  as!  c6mo  tenemos  a  honra  presentar  al  Segundo  Gongreso  Cientffico 
Panamericano  nuestro  modesto  contlngente  como  corresponde  a  la  importanda 
de  la  meteorologfa  agrfcola  en  las  naciones,  prindpalmente  en  el  Ecuador, 
cuya  exuberancia  nadie  ignora;  y  de  paso,  hemos  tambi^n  manifestado  el  fin 
que  perslgue  el  Observatorlo  de  Quito  con  el  estudio  de  las  mutuas  reladones 
entre  los  distintos  elementos  de  la  f fsica  c^smica. 

The  Chaibmak.  I  now  wi^  to  mention,  though  it  is  hardly  a 
matter  of  the  proceedings  of  the  section,  that  a  number  of  us  have 
talked  over  the  forming  of  some  sort  of  a  permanent  Pan  American 
association.  I  think  the  subject  is  a  very  important  one,  and  it  ia 
believed  that  we  may  be  able,  by  means  of  an  association  of  that  sort, 
to  bring  about  some  of  the  results  comprehended  in  the  resolutions 
adopted  this  morning  in  a  way  that  perhaps  will  not  so  easily  come 
about  without  some  outside  aid.  Now,  it  is  recognized  that  any- 
thing like  the  formation  of  an  association  is  not  a  part  of  the  work 
of  the  Pan  American  Congress.  I  am  simply  taking  this  oppor- 
tunity to  mention  to  the  members  present  that  the  organization  of 
such  an  association  seems  desirable.  I  may  say  that  this  proposal 
has  been  strongly  favored  by  Dr,  Arctowski,  who  is  very  much  inter- 
ested in  it.  The  objects  of  such  a  study  have  been  outlined  in  a  note 
that  I  have  before  me,  as  follows: 

To  promote  the  study  of  atmospheric  and  geophysical  phenomena  and  unite 
the  efforts  of  those  who  in  the  Republics  of  South,  Oentral,  and  North  America 
should  like  to  make  meteorological,  hydrographlc,  and  seismological  observations. 

To  further  the  organization  of  oflSdal  meteorological  services,  and  unify  by 
way  of  International  conferences  the  methods  employed,  and  ultimately  to 
combine  into  one  homogeneous  system  the  results  obtained. 
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That  gives  you  an  idea  of  what  an  association  might  be  able  to 
accomplish,  and  I  Uiink  we  have  a  few  minutes  after  this  meeting 
adjourns  to  talk  this  matter  over.  Possibly  those  who  are  interested 
in  the  organization  of  such  a  society  can  arrange  for  another  meet- 
ing, possibly  to-morrow.  I  leave  that  matter  with  you,  gentlemen, 
and  it  seems  to  me  before  closing  that  we  of  this  section  have  enjoyed 
the  facilities  of  a  hall  that  is  unequaled  anywhere  in  the  city  for 
just  such  a  meeting  as  this  and  just  such  an  audience  as  this,  and  I 
would  like  to  hear  a  motion  of  thanks  to  the  Carnegie  Institution 
for  their  great  courtesy  in  giving  us  this  splendid  lecture  room 
throughout  the  two  weeks  of  the  session. 

Mr.  Smith.  Mr.  Chairman,  I  make  such  a  motion. 

The  motion  was  seconded. 

The  Chairman.  It  is  moved  and  seconded  that  a  vote  of  cordial 
thanks  be  sent  to  the  Carnegie  Institution  for  the  use  of  the  lecture 
room  and  facilities  for  the  meetings  of  the  subsection  on  meteorology 
and  seismology.  The  resolution  will  carry  with  it  the  understanding 
that  the  secretary  of  the  subsection  will  notify  the  institution  of  the 
passage  of  the  resolution. 

The  motion  was  unanimously  agreed  to. 

Dr.  Lurquin  addressed  the  chairman  in  Spanish. 

Mr.  BivAS.  Prof.  Lurquin  asks  me  to  state  what  he  has  said.  On 
behalf  of  his  associates  from  the  Latin- American  countries  he  wishes 
to  thank  the  representatives  of  the  Government  of  the  United  States 
for  the  courtesies  that  have  been  extended  to  the  Latin- American 
delegates  to  this  section,  and  he  wishes  their  thanks  extended  also 
to  Prof.  Marvin  and  to  Dr.  Woodward  and  to  the  delegates  from 
the  United  States  for  the  courtesies  and  civilities  that  have  been 
extended  to  them. 

The  Chairman.  We  thank  you  very  much.  I  think  our  secre- 
tary will  transmit  these  remark  of  thanks  to  Dr.  Woodward  and  to 
the  trustees  of  the  Carnegie  Institution.  The  meeting  of  this  section 
is  now  adjourned. 

Adjournment  sine  die  of  subsection  B  and  of  Section  II. 
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